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1.1 Adapting to Extreme Events: risk transfer and insurance provision in the EU and its 
member states 
Implications of risk based insurance premiums for flood preparedness and affordability of coverage 
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In some countries, such as Germany and France, it has been proposed that a movement towards risk based pricing of natural 
disaster insurance can stimulate investments in flood risk mitigation measures by policyholders. However, providing financial 
incentives for risk reduction activities through charging risk based premium may conflict with the affordability of insurance. 
This study examines the potential trade-off between risk reduction and affordability in a model of (risk based) public-private 
flood insurance in France and Germany that includes household flood preparedness decisions. Flood risk preparedness is 
modelled over time to examine adaptation to changing flood risk caused by climate change. The results show that a 
compulsory insurance scheme offering premium discounts for reducing risk is potentially unaffordable for, at most, 26% of 
households at risk. Risk based incentives are able to promote the employment of risk reduction measures in both France and 
Germany. In particular, flood risk can reduce by 13% in Germany and 23% in France by 2040 compared with the current 
situation in which financial incentives for mitigation are absent. The higher level of flood risk in France results in a strong 
incentive to reduce risk in the present. Rapid growth of flood risks in Germany results in more effective financial incentives in 
later periods. The trade-off between affordability and financial incentives can be overcome via a voucher scheme. Providing 
these vouchers after 2040 is estimated to result in a level of damage reduction that is larger than the cost of the vouchers. A 
policy recommendation is that there is ample room for these countries to link flood insurance with financial incentives to guide 
household adaptation to changing flood risk. 
 
 
Two almost practical steps towards designing drought insurance for irrigated agriculture 
 Gómez Gómez 
Universidad Alcalá, ALCALÁ DE HENARES, Spain 
 
In water scarce and drought prone areas water security is provided by already overexploited groundwater sources mostly out 
of the control of public water authorities. The way farmers respond to droughts in the short term increases water scarcity and 
drought exposure in the medium and long term. Within this context drought insurance may be designed to serve as an 
incentive for water conservation. Besides stabilizing farmers' income the proposed insurance is a means to transfer to the 
financial system the role currently played by vulnerable and overexploited natural capital. In this paper we develop two basic 
ideas to develop such an insurance system: the first one consists in a theoretical demonstration that full and universal 
coverage can be provided by a competitive insurance market. The second one consists in a workable applied methodology to 
reveal farmers willingness to pay for full and partial coverage of drought losses. These two ingredients, along with a new 
rationale for public support to the insurance sector in the more water intensive sector of the economy, are essential to make 
insurance schemes part of the economics instruments of water resources management.  
 
 
The European Solidarity Fund, its past performance and recent reforms 
 Lorant, Hochrainer-Stigler, Linnerooth-Bayer 
IIASA, LAXENBURG, Austria 
 
The European Union has established its Solidarity Fund (EUSF) after the devastating Central-European floods in 2002 with the 
aim of providing practical solidarity to disaster-stricken Member States and candidate countries. While the Fund, which is the 
main post disaster instrument of the Community, generally had met its main objectives well, several critical remarks arised 
during the first ten years of its operation, leading to its recent reforms. We assess the performance of the pre and post-reform 
EUSF taking into account the following recognized aims of the Fund: its promotion of solidarity with those countries having the 
least capacity to cope with major disasters; its contribution to pro-active disaster risk reduction and management; and its 
robustness with regard to its risk of depletion. While we conclude that the recent reforms will improve the Fund's 
performance, especially with regard to its responsiveness to major disasters, we suggest more far-reaching reforms to further 
advance its effectiveness. More concretely, we discuss the option to formulate a new EU-wide multi-sector partnership by 
reorienting the EUSF to a pre-disaster, risk-based solidarity instrument that could support national or regional sovereign 
insurance systems. Recently several similar instruments have been established around the world that could provide some 
ideas for these more fundamental structural reforms.  
 
 
Heterogeneous Demands for Flood Insurance against Climate Change Risk through Private Public Participation Mode: A 
Community-Based Survey in Tainan City 
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Climate change is expected to increase the frequency and severity of certain natural disasters and pose considerable 
challenges for the insurability of natural disaster risks. Located in southwest flood-prone delta area of Taiwan, Tainan City's 
residents in low terrain and coastal areas has experienced frequent heavy rainfalls brought by tropical storms compounded by 
the shallow and congested riverbeds. In the global scale, Tainan City has ranked top 10 risky cities among urban areas in the 
category of storm hazards (Swiss Re, 2013) for their considerable affected population and substantial economic losses in the 
future. It's essential for the city government to introduce risk management tools such as flood insurance against future 
flooding risks. However, for most governments (especially in the developing world) facing budget constraint, it is imperative to 
look for risk management tools those are both financially feasible and effective meeting both public and private sectors' needs. 
This study examines the feasibility of a flood insurance policy through Public-Private-Participation (PPP) mode. We estimated 
an insurance premium scheme by an integrated flood-risk-assessment model with partial support from government 
catastrophe relief fund. We then conducted a survey to elicit residents' risk perceptions and demands for flood insurance using 
the choice experiment method among 320 homeowners in four communities selected from the hotspot areas. Our survey 
results find considerable gaps between risk perception and adaptive actions. The demands for flood insurance are 11%-27% 
while flood return period is 450 years and 13%-40% while flood return period is 100 years, reflecting limited market potentials 
in this city. Agricultural and fishery communities have lower demand for insurance but more residents in these communities 
feel distressed. A nested logit regression model is estimated to identify key determinants of respondent's decision on 
insurance policy selection. The economic determinant included the expected value of flood damage losses, coverage, 
premium, education, household income. Respondents who perceived higher risks on housing and business losses and 
experienced psychological distress are more likely to buy insurance. Respondents who highly agree with their responsibility are 
more likely to buy flood insurance. However, respondents who perceived increasingly higher risks in agriculture and fishery 
industry were less likely to buy flood insurance. Several reasons could account for these communities' inactiveness in 
insurance purchase, including insufficient knowledge and financial capacity, and over-reliance on government's post 
catastrophe relief, which are detrimental for future risk management.  
 
 
Facing the adaptation challenge under climate uncertainty: a comparison of EU and US adaptation programs 
 Monasterolo, Ms Howarth 
Global Sustainability Institute, CAMBRIDGE, United Kingdom 
 
Establishing disaster risk management (DRM) and compensation strategies has become an urgent yet challenging necessity 
over the last decade given the growing evidence of anthropogenic climate change (Steffen et al. 2011; Roeckstrom et al., 2013) 
and its impact on recurrence and costs of weather extremes (IPCC, 2013). In order to develop country/area targeted risk 
management approaches, a standardized methodology is needed building on the plethora of global experience of adaptation. 
However this experience has gaps and cross-sectorial knowledge on the costs of inaction combined with socio-economic 
drivers of risk of losses caused by weather extremes is needed to supplement this. 
To date, practitioner-based experience of local adaptation is scarcely used and there is limited evidence on the characteristics 
of adaptation instruments (such as insurance) and their performance that could help fill this gap (Paudel, 2012; the World 
Bank, 2014). In particular, no comparison has been carried out between the EU-28 and the USA, two big players in the 
development of an insurance market for adaptation to weather extremes. 
This paper aims to address this gap by drafting a toolkit of ready to use best-practices through comparing climate adaptation 
approaches to flood risk in the EU-28 and the USA. It will (i) describe characteristics of different measures introduced, including 
sources of risk and uncertainty; (ii) highlight key obstacles for the development of adaptation policies (e.g. data availability, 
consistency and comparability of losses and costs of post-disaster recovery; role of public and private stakeholders on 
household awareness, risk perception and demand for insurance) and (iii) identify what kind of strategies were successful and 
why. 
The paper will enable a better understanding of the characteristics of risk and uncertainty affecting public-private responses to 
weather extremes. It will help identify optimal levels of public-private engagement in the development of insurance as 
adaptation tools, avoiding unintended effects and consequences (e.g., Samaritan's dilemma, beneficiaries' free riders/risk 
taking behaviour, short-term horizons). The paper provides an updated overview of DRM focusing on insurance programs on 
both sides of the Atlantic, it discusses how these could (and should) be altered to face the changing characteristics of weather 
extremes, deriving some timely lessons for policy and insurance companies.  
 
 
The structure of the Natural catastrophe system in Iceland: Strengths and weaknesses with respect to climate change-
related risks  
 Johannsdottir 
University of Iceland, REYKJAVIK, Iceland 
 
Recent studies addressing the Nordic insurance system, environmental policy and climate change-related issues do not include 
Iceland or the autonomous states of land and Faroe Islands, meaning that uniqueness of those small states with respect to 
climate change are not discussed in the Nordic context. Instead it is assumed that flood risk, in particularly urban floods, is a 
central topic for most Nordic countries representing the major part of claims paid - which is for instance not the case in 



Iceland.  
This paper discusses the structure of the natural catastrophe system in Iceland, its strengths and weaknesses with respect to 
climate-change related risks. Iceland has not yet adopted a national adaptation strategy, but such strategy may address 
climate change impacts on the insurance sector, as well as discussing the role of insurances as a mean for climate change 
adaptation. This means that a comprehensive view of the insurance system with respect to climate change is lacking. This 
study finds out that a part of climate change-related risks are insured by private insurers, part of the risks by the Iceland 
Catastrophe Insurance, and part of the risks are uninsured.  
Although the natural catastrophe system is not in particular built up around climate change-related risk, as other natural 
catastrophe risks are more significant for the time being in Iceland than climate change, the structure of the system in terms of 
integration of systems is valuable for evaluating various types of risks related to weather and the natural environment. The key 
weakness for the natural catastrophe system in Iceland is on governmental levels, both on national and municipal levels, but 
on individual levels in case of the private insurance system. 
 
 
Partnerships for affordable and equitable disaster insurance 
 Mysiak 
FEEM, VENICE, Italy 
 
The steep upward-rising damage trend incurred by natural hazard risk and the alarming prospects of man-made induced 
climate change inflate the economic losses and social hardship set-off by extreme climate and weather events. This has 
alarmed the governments and the insurance enterprises alike. Many have suggested that while the extreme events' probability 
distribution is getting progressively more fat-tailed, the private insurance businesses alone will not be able to keep the pace 
(Botzen and van den Bergh, 2008; Capitanio et al., 2011; DEFRA, 2013; Mills et al., 2006; Munich Re, 2009; Surminski, 2009; 
Warner et al., 2013). The unprecedented (EC, 2009a) economic crises the EU has faced since the summer 2007 has sparked 
further concerns about the states' ability to co-finance the disaster protection and recovery, and the extent to which the public 
funds can compensate the private damage even in countries where this is a regular practice. Similarly, to meet the ambitious 
goals of the growth package for integrated European infrastructures alone by means of public funds restrained by the Stability 
and Growth Pact (SGP) is little probable. Hence the participation of private sector along with public one in meeting the great 
societal challenges has been increasingly advocated not only as an opportunity but as a sheer necessity. 
 
 
What role for income stabilisation insurance in EU agriculture? The case of the Regione Emilia Romagna in Italy 
 Mysiak, Pérez Blanco 
FEEM, VENICE, Italy 
 
In the new Common Agricultural Policy (CAP) 2014-2020 the EU encourages the development of income insurance. This paper 
empirically explores the viability of solvent, affordable, equitable and sustainable income insurance schemes in the EU, 
developing a case study in the Regione Emilia Romagna (RER) in Italy. First, insurance markets in Italy in the context of the CAP 
2014-2020 are presented and opportunities for reform are critically addressed. The paper then assesses insurance supply costs 
using most recent actuarial data. Finally, the paper develops and applies a methodology to estimate income insurance demand 
for the Agricultural Districts in the RER, based on a Revealed Preference Model and the Certainty Equivalent Theory. Results 
show that WTP for income insurance is close to the average risk premium, thus suggesting that the development of income 
insurance in the RER would be feasible with limited public support. 
 
 
Designing national flood insurance systems: the equity-efficiency trade-off 
 Hanger 
International Institute for Applied Systems Analysis, LAXENBURG, Austria 
 
In the face of increasing losses from extreme weather events, and the expectation that losses will continue to rise as a result of 
socio-economic and climatic changes, governments and private insurers are looking to reform or establish private and/or 
public insurance programs. In line with the increasing importance of managing loss and damage from adverse effects of 
climate change, fostering risk reduction to secure insurability is the new prominent objective of flood insurance. As many 
systems rely heavily on ad hoc post-disaster aid as well as flat or subsidized insurance premiums, and thus are said to 
disincentivize individual loss reduction, efforts can be observed to decrease ex-post aid and increase private and public 
insurance solutions including risk-based pricing as shown by examples from the US, UK, Romania and Finland among others. 
The main research questions we address are: What are the competing objectives that can guide the design of a national risk-
sharing and transfer program? What are the respective trade-offs? And how do they manifest across different national 
insurance regimes? We focus especially on what might be considered the most fundamental trade-off: the pursuit of equity, 
which is manifest, for example, in premium subsidies or ex-post disaster aid, and the pursuit of efficiency, which has been 
interpreted to mean the propensity of the system guarantee risk-based pricing. We show how this trade-off is fundamental to 
the overall structure of the system in terms of public and private involvement. 
In order to operationalize and investigate this trade-off, we identified comparable design features of national systems with an 
extensive review of academic and grey literature, media sources and contacts in and outside the insurance sector. This 
resulted in 20 country profiles of national flood insurance arrangements, which provide evidence as to how the equity and 



efficiency trade-off is reflected in current practice. We argue that the understanding of both equity and efficiency has to go 
beyond an economist perspective, as insurance in the context of natural catastrophes ceases to be an exclusively economic 
instrument. Moreover, we identify discrepancies between academic literature and national practices, including a set of what 
we believe to be globally applicable emerging trends, and provide an outlook and food for thought as to whether and how 
these gaps may be overcome in the course of ongoing and upcoming reforms. 
 
 
Do insurers help Europe to adapt to climate extremes? 
 Lorant, Linnerooth-Bayer, Hanger 
IIASA, LAXENBURG, Austria 
 
Worldwide climate extremes caused around USD 131 billion losses in 2013 (Swiss Re 2014), and losses are expected to further 
increase in the future due, on the one hand, to the rising exposure of population and capital (Bower et al. 2007), and, on the 
other hand, to more frequent and intense weather extremes caused by climate change (IPCC 2012). The insurance industry 
absorbs a varying portion of these losses, highest in the developed world, including Europe, where the 2013 summer floods, 
alone, generated around USD 4 billion insured losses (Swiss Re 2014). 
While insurance is often considered to be a tool for adaptation since it contributes to building resilient communities by 
providing timely liquidity for disaster recovery, its role in promoting risk reduction is debated. Insurers typically claim the 
existence of powerful incentives that promote risk reduction among their clients (GDV 2013); others, many from the climate 
change community, argue that insurance only transfers risk, it does not directly address the impacts of climate change. 
Moreover, it can even lead to maladaptation in the face of moral hazard (UNFCCC 2008). 
We aim to add clarity to this debate by addressing the questions whether and how insurance contributes to mitigating climate-
related disaster risks by focusing on flood insurance in Europe. We identify six broad categories of insurance practices that 
promote flood risk reduction activities on the part of public and private actors: 
information sharing and awareness raising; 
risk-based pricing; 
contractual warranties and deductibles; 
investments in or pre-financing risk-reduction measures; 
promoting risk reduction in the public sector; and finally 
client consulting (risk engineering). 
Based on a systemic review of publicly available documentation and selective interviews with insurers, we present the 
available evidence and the knowledge/data gaps in the effectiveness and pervasiveness of the above mentioned linkages 
between insurance and risk reduction. We conclude that insurance companies are only selectively engaging in risk-reducing 
policies, and are far from reaching their potential in promoting flood risk reduction. Insurers point to high transaction costs, 
business interests and the lack of sophistication of modeling tools as important reasons. On the positive side, we show that 
insurance companies may be following a similar path with regard to floods as they did with regard to fire risk decades ago, 
which means they may become powerful players in reducing risk.  
 
 
Financial risk transfer mechanisms - Comparison of alternative national systems for managing flood risks 
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Risk transfer, which is defined as shifting the burden of disaster loss to another party (for instance by means of insurance), 
represents an important instrument in order to manage the risk resulting from natural perils and can help in mitigating or 
minimizing disaster losses. A well implemented plan how to spread economic risks from extreme events within society and/or 
transfer them from the victims to the financial markets is a fundamental adaptation measure that crucially decides on how 
impacts from climate change will finally disturb a society. Although risk transfer does not prevent damages from climate 
change it represents an effective mechanism to manage the hardship related to climate risks, especially of those climate risks 
which cannot be prevented (cost-effectively) by means of risk mitigation measures. Moreover, adequately designed, risk 
transfer mechanisms even have the potential to generate incentives for individuals as well as the collective to actively engage 
in risk reduction. 
With respect to flood events (and natural catastrophes in general) a broad range of alternative national risk transfer systems 
can be found in and outside the EU. These may vary considerably regarding their organizational structure and design elements, 
including available insurance options, the public sector's role, the implemented risk assessment approach and the applied 
premium structure. The present paper compares alternative national risk transfer mechanisms for managing flood risks - 
including amongst others the systems of France, Germany, Belgium, Switzerland, Spain, and the USA - and addresses pros and 
cons of these systems and their single design elements. Precondition for a smoothly operating system seems to be a clear 
definition of the roles that state and private insurers are to take from the very beginning. Among the systems compared those 
with some form of compulsory elements generally proved more successful. Furthermore, system comparison shows that it 
might have to be questioned whether insurance mechanisms represent an adequate risk transfer instrument for objects with 
excessive damage frequency. 
 
 



Reflections on the current debate on how to link flood insurance and disaster risk reduction in the European Union 
 Surminski 
London School of Economics and Political Science, LONDON, United Kingdom 
 
Flood insurance differs widely in scope and form across Europe. Against the backdrop of rising flood losses a debate about the 
role of EU policy in shaping the future of this compensation mechanism is led by policy makers and industry. In this paper we 
investigate if and how current EU policies influence flood insurance. While the question of supply and demand is at the core of 
the debate, we argue that another key dimension is often overlooked: how to use insurance as a lever for risk reduction and 
prevention efforts. We investigate if and how current EU policies interplay with these two dimensions and then reflect on the 
national policy level. We illustrate two conflicting cases of flood insurance: the United Kingdom (UK), where flood insurance 
provision is widely available, but subject to current reform, and the Netherlands, where efforts to introduce a broad flood 
insurance coverage have only recently failed. In analysing the current positions on the role of the EU in shaping flood insurance 
we conclude that there is wide agreement that a complete harmonisation of flood insurance offering across the EU is unlikely 
to be effective. We determine that there is clear scope for the EU to play a greater role in linking risk transfer and prevention, 
beyond existing channels, to ensure an integrated approach to flood risk management across the EU. 

 
1.2 Climate change and power infrastructure: Adaptation needs of electric power systems 
Climate change adaptation strategies within the framework of the German Energiewende - Is there a need for government 
interventions and legal obligations? 
 Groth, Cortekar 
Climate Service Center 2.0, HAMBURG, Germany 
 
The option of adapting to climate change is becoming more and more important in climate change policy. Hence, responding 
to climate change now involves both mitigation to address the cause and adaptation as a response to already ongoing or 
expected changes. These changes are also of relevance for the energy sector in Germany. An energy sector that in the course 
of the German Energiewende, also has to deal with a fundamental shift in energy supply from fossil fuel to renewable energies 
in the next decades. Thereby it has to be considered that the energy sector is one critical infrastructure in the European Union 
that needs to be protected, because the energy infrastructure is of special importance for the whole society where failure or 
functional impairment would lead to severe supply bottlenecks, significant disturbance of public order or other dramatic 
consequences. 
Based on a synthesis of the current knowledge regarding the possible influences of climate change on the German energy 
sector along its value-added chain, the paper points out, that the possible impacts of a changing climate should be taken into 
account in the upcoming infrastructure projects in the course of the Energiewende. The main question here is, whether 
adaptation options will be implemented voluntarily by companies or not. The paper argues that this has to be the case, when 
the measure is a private good. If, on the contrary, the measure is a public good, additional incentives are needed. For the 
German energy sector, the paper shows, that governmental intervention are for example justifiable regarding measures to 
adapt the grid infrastructure as a critical infrastructure that needs to be protected against current and future impacts of 
climate change. Finally some first examples for government interventions regarding the adaptation to climate change will be 
briefly outlined. 
 
 
Adapting long-lived infrastructure to uncertain climate change 
 Eisenack, Paschen 
Carl von Ossietzky University Oldenburg, OLDENBURG, Germany 
 
How should long-lived infrastructure be adapted to ongoing and uncertain climate change? Shall it be designed more robustly 
if uncertainty increases, or shall economic live-times be reduced? One prime example is uncertainty of climate change that 
negatively affects infrastructure by extreme weather events and slow-onset impacts. Design options include the type of 
material used for building roads, rail track, airports, bridges, water pipes, power plants or electricity transmission lines. 
Generally, investment and adaptation of infrastructure are associated with high sunk costs, and current decisions shape 
sensitivity to climate change up to multiple decades into the future. It might be one intuitive option to increase the robustness 
of infrastructure as a response. Although that might increase costs in the present, it will reduce losses in the future. A more 
robust technical design will also increase the life-time of the infrastructure. Furthermore, if a retrofit of technical design 
parameters is expensive, so that technical design decision for currently re-built infrastructure are irreversible to some degree. 
Together with uncertainty, this poses the decision problem of whether to over- or under-adapt. Economically speaking, this 
leads to an option value, so that abandoning the investment might be delayed. In contrast, a shorter life-time might enable 
more efficient rolling adjustments to transient change. This work addresses these questions by determining and comparing the 
optimal infrastructure life-time and design for different stylized settings. We present theoretically sound rules of thumb for 
efficient infrastructure adaptation decision making. 
 
 
From reactive to proactive: getting adaptation on the agenda 
 Jones, Mr Quan Luna, Mr Garre 
DNV GL, OSLO, Norway 
 



Renewables are transforming the power sector: policy is struggling to keep up with technology; business models are being 
created and destroyed. In the context of radical change, this presentation draws upon a recent DNV GL survey of 1,600 people 
across 71 countries on renewables integration, using the findings to present the challenges in getting climate change 
adaptation onto the agenda of power sector participants. It explains why adaptation is often low down the priority list of 
system operators and developers - and why this should change. Case studies are used to highlight growing risks from extreme 
weather and show how a rigorous adaptation risk framework can be used to improve the risk profile of investments in multi-
decade assets. Recommendations are made on how to refocus the debate - so that adaptation is given the attention it 
deserves, rather than focusing only on the disruptive impact of climate change mitigation measures such as renewables. 
 
 
Sensitivity of the U.S. power system to climate-induced changes in tropical cyclone impacts 
 Staid

1
, Guikema

1
, Nateghi

1
, Quiring

2
, Gao

1
 

1
Johns Hopkins University, BALTIMORE, United States of America 

2
Texas A&M University, COLLEGE STATION, United States of America 

 
Climate change is expected to change the behavior of tropical cyclones in the North Atlantic Basin. These links between climate 
change and tropical cyclones are frequently studied but still uncertain. This uncertainty makes planning for climate change a 
difficult task. We provide a method for assessing the risks while still incorporating the deep uncertainties present. Here we 
focus on one area of climate-related risk: the impact of tropical cyclones on United States power systems, and we evaluate this 
risk through the use of a simulation of the impacts to the power system under 12 plausible scenarios in which climate change 
may affect tropical cyclone intensity, frequency, and location. We use a sensitivity analysis based approached grounded in the 
literature rather than directly simulating from specific general circulation model output due to the high degree of uncertainty 
in both the climate models and the climate-hurricane relationship. We show how changes in tropical cyclone activity influence 
extreme wind speeds, probability of power outages, and the proportion of people without power. We compare the risk levels 
expected in these climate change scenarios to a baseline measure and assess the increases in risk that would result from 
climate change. While climate change and its impacts are often discussed globally, this work provides information at a much 
more local scale. The sensitivity of an individual area can be assessed, and the information presented here can be incorporated 
into planning and mitigation strategies for power systems faced with an uncertain future in a changing climate. 
 
 
Risk based adaptation of electrical substations. Integration of Bayesian Networks in a GIS environment. 
 Quan Luna, Dr. Garrè 
DNV GL, HØVIK, Norway 
 
GIS constitutes an invaluable platform for the inclusion and the modelling of spatial features in various types of assessment. 
This is also true in the context of risk-based adaptation to weather extremes and climate change, and even more so when the 
assets to be analyzed are distributed regionally. However, risk-based adaptation assessments inside a pure GIS environment 
can be challenging, since some complex tasks which may be required in the risk analysis cannot be carried out directly. One 
example of such tasks is Bayesian probabilistic analysis and decision making, as this requires dedicated tools which usually do 
not belong to a standard GIS portfolio. For this reason, exploring the various capabilities offered by the integration of a GIS 
platform with Bayesian Network (BN) module is appealing. The objective is to have a tool for knowledge representation and 
reasoning under the influence of uncertainty that can interact with the various geographical features of the problem at hand. 
Given the fact that BNs can present interdependencies among random variables, such integration offers great potential for 
natural hazard assessment. A preliminary case study was performed to assess the risk levels faced by the electrical distribution 
system of Long Island, in connection with storm events such as 'Superstorm' Sandy. In this application, flooding of substations 
on Long Island due to storm surge is considered. 
 
 
How Does Regulation Incentivize Adaptation of Network Infrastructure to Climate Change? 
 Pechan 
University of Oldenburg, OLDENBURG, Germany 
 
Climate change poses major new challenges to a long-lasting electricity infrastructure. At the same time, the electricity 
industry is subject to a high level of regulation, which affects the behavior of network operators significantly. In this paper, I 
analyze the impact of regulation on adaptation to climate change. The general findings are applied to the case of German 
electricity grid regulation and improvements suggested. 
The qualitative analysis shows that regulation greatly influences operators' decisions about how to adapt to the challenges of 
climate change. Cost-based regulation mechanisms reduce the uncertainty of climate change for the network operator, 
thereby shifting the risk of inadequate adaptation to the demand side. Incentive-based mechanisms and quality regulation 
based on benchmarking, in contrast, add uncertainties about the behavior of other operators and render decision making 
more complex. A carefully designed and balanced regulatory system is therefore crucial in ensuring that operators take 
adequate measures to adapt to climate change. 
Grid regulation in Germany currently does not offer sufficient incentives to adapt to the impacts of extreme weather events. 
The risks and costs of such events are borne to a large extent by the customers. Existingregulations does not affect adaptation 
to gradual changes (e.g., sea level rise). However, network operators in areas that are subject to gradual changes and/or that 



invest in adaptation measures are disadvantaged, since additional costs of adaptation and climate damage lead to increases in 
efficiency targets. 
 
 
Risk assessment of power networks subjected to hurricanes including climate change effects 
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Outages caused by extreme weather phenomena such as storms, icing, and floods are among the costliest events the power 
industry is currently facing. This is primarily due to the fact that currently existing networks are particularly vulnerable to such 
phenomena. On one hand, the large spatial extent characterizing these events cause several components failures across the 
system which, in turn, lead to large overall network damages and costs. On the other hand, it has been observed that also the 
deactivation of just a few critical components might lead to cascading failure widening throughout the entire network. In order 
to quantify these two effects jointly, the modelling of the spatially correlated component failures is needed, along with the 
inclusion of a reliable power flow model to assess potentially cascading failure configurations. To this end, the present work 
integrates an analytical power network flow model with the probabilistic modelling of hurricane-induced extreme wind 
speeds. By virtue of this, the correlation structure among the various component failures is reproduced and network cascading 
failures can be assessed for varying hurricane specifics. Monte Carlo Simulations of different hurricanes are performed, both 
for present climate and future climate scenarios, thus enabling the quantification of climate change effects on the damage to 
power networks by potentially increasing hurricane intensities. 
 
 
Multi-purpose hydropower projects. A sustainable approach to climate change adaptation. 
 Bolle, Schei 
Statkraft AS, OSLO, Norway 
 
Although water management and the need for water infrastructure serving multiple purposes is becoming essential in the 
context of ongoing climate change, it is presently difficult to make other purposes than electricity production bankable. Pure 
climate mitigation and adaptation measures face difficulties in being attractive to investors as there is no income to provide 
profitability. 
The World Bank's new 'Directions in Hydropower' (2009) is putting a strong emphasis on the growing importance of water 
infrastructure that serves multiple objectives. It highlights the powerful contribution sustainable hydropower projects can 
make to poverty alleviation, climate change adaptation, water and energy security as well as to regional cooperation and to 
moving towards a lower-carbon future. However, there is no standard and accepted approach to reflect the various values of 
the many energy and water management services provided by multi-purpose hydropower projects.  
Multi-purpose hydropower can be seen as an opportunity both in countries with water surplus and water scarcity as a result of 
ongoing climate change. Hydropower developers and operators can meet the demand of providing flood regulation in areas 
with water excess and irrigation in areas with lack of water. Although some hydropower plants already supply multi-purpose 
services, there is a need to look into innovative concepts and a more systematic operationalization of the multi-purpose 
aspects of hydropower.  
Is there a feasible definition of multi-purpose hydropower? 
Are today's power stations designed to provide such services? 
How should future power stations be designed to be best suited for multi-purpose services? 
Do we need new business models and criteria? 
Can financial models be adapted to reflect the multi-purpose value? 

 
1.3 A systems perspective for smarter cities: Resilience requires integrated, co-designed, 
adaptation and mitigation strategies 
 
A systems perspective for resilient cities 
 Christiansen 
DNV GL, HOVIK, Norway 
 
The world's cities are expanding and evolving at an unprecedented rate. As more and more of the global population moves to 
urban areas, cities are becoming an important focal point in tackling climate change. The term 'smart cities' is widely used to 
convey the role of technology to enhance performance and increase wellbeing. But cities need to be smart in other ways as 
well. They are complex systems, intersections of physical, environmental, social and governance infrastructures, the sum of 
which defines a city's vulnerability - and resilience - to climate change. And they are the intersection of multiple actors and 
agents, from communities to entrepreneurs, local government, or larger corporate actors. 
Climate change will require cities to fundamentally rethink their philosophy, strategies and operations to become more 
resilient in an ever changing climate. Deepening complexity is making planning for the future increasingly difficult. There is a 
growing agreement that the risk picture is more uncertain, multiple futures require new approaches to prepare cities for the 



expected and the unexpected. Therefore risks cannot be managed by one single approach. We need alternative, more 
complex and integrated, approaches. We propose a systems perspective on resilience. 
Cities are more than their parts. Cities are 'systems of systems' (i.e., energy, transport, water, food and waste treatment) that 
are interconnected through flows of materials, natural environments, social aspects, institutions and information. Systems 
thinking help us focusing on the system as a whole to: 
reveal how city systems are interconnected 
understand these connections as cities evolves over time 
capture the full landscape of opportunities and threats that the city must consider 
DNV GL has developed an innovative and applied resilience framework that evaluates cities systems and identifies aspects that 
will strengthen resilience, thus helping to guide current and future planning, policies and investment strategies. The framework 
is applied to a system through a practical step by step process focusing on physical infrastructure, environmental hazards, 
social development and governance structure. The steps are supported by qualitative and quantitative methodologies.  
Organisations and institutions operating city systems need to build capacities on fundamental tasks like: learning, anticipation, 
flexibility, responsiveness and transformation. In our framework, these elements are operationalized to support cities to 
reduce their vulnerability and build resilience. 
 
 
Systems thinking and complex systems approaches to better understand urban resilience 
 Mangalagiu 
Oxford University, OXFORD, United Kingdom 
 
Cities around the world account for about 75% of global energy consumption and up to 80% of global anthropogenic 
emissions. While thousands of cities across the world are undertaking climate action plans, developing agendas and 
articulating goals for urban resilience, these are not always designed and implemented in a synergistic way with other policy 
and sustainable development goals. How climate policy dimensions such as energy efficiency in buildings and transport, land 
and water use planning interact with economic competitiveness and welfare policies and what is the impact in terms of urban 
resilience is rarely assessed. 
A city is a highly complex natural and built infrastructures system, with individuals and organizations interacting on social, 
political, economic and bio-geophysical levels, working on different time scales, constantly changing and adjusting. Moreover, 
a city is part of larger systems of interacting networks of information, trade, migration etc.  
Urban resilience is a complex concept: resilience to what, for what, and for whom? Urbanization is rendering increasingly more 
people vulnerable to shocks as populations concentrate in geographically smaller areas. The stresses and shocks cities face 
manifest in different ways, and the concept of resilience is an evolving and moving target. Moreover, resilience and 
sustainability goals don't necessarily go hand in hand, unsustainable urban planning and policies can be very resilient. 
Systems thinking and complex systems are approaches we consider crucial to urban transformation towards smarter and 
resilient cities. These approaches can help understanding the complex and multi-scale interactions between actors such as 
governments, businesses and civil society and between policies and identify virtuous or vicious circles, possible lock-ins and 
leverage points where for example, scarce public resources can leverage private sector resources and expertise. They also 
allow thinking in terms of plurality and diversity of solutions and enabling environments leading to urban resilience. 
In my presentation I will provide a conceptual framework and examples of application of systems thinking and complex 
systems approaches to urban contexts to better understand the challenges of urban resilience. 
 
 
Examples of Creative Solutions and Resilience from C40 megacities and innovator cities 
 Ikert 
C40 Cities Climate Leadership Group, NEW YORK, United States of America 
 
The world's megacities are the front lines in the battle against climate change. Whether it's urban traffic, energy consumption, 
solid waste, or the challenge of rising waters or drought - both the causes and effects of climate change focus on the world's 
largest cities. And they have created an organization to help them succeed in facing this challenge: the C40 Cities Climate 
Leadership Group. 
The C40 cities and their metro areas contain more than half a billion people (roughly 8% of the world's population), 1.7 billion 
tons of annual carbon emissions (roughly 5% of the world's total), and 13 trillion US dollars of gross domestic product (or 21% 
of the entire global economy). So the potential of these cities to collectively impact climate change is tremendous. The C40 
cities collectively have the potential to reduce annual global greenhouse gas emissions by well over a billion tons by 2030, 
compared to business as usual. 
I will share some of the creative solutions cities are undertaking to address both adaptation and mitigation. (Examples likely to 
include: Rio's waste management + flooding, Toronto and London on engaging private sector, NYC cooling + energy saving) 
 
 
Understanding and developing a tiered structure for defining Smart Sustainable Cities 
 Ramanarayanan, Dr Narayanana Kondepudi 
NUS, SINGAPORE, Singapore 
 
More than half of the world's population now lives in urban areas and the concentration of people is urban areas is only going 



to be an upward curve. This is going to lead to both growth and challenges. The challenges are associated with various aspects 
of the public and private sector. Cities must address a variety of socio-ecological challenges and negotiate positions, interests 
and demands from multiple stakeholders in order to become smart and sustainable. Behavioural, social, political, technical and 
economic dimensions have an influence on the basic need to transition towards a smart and sustainable city. This calls for a 
unified approach. 
The different stakeholders in a smart sustainable city: Governments, researchers, corporates and industries, and citizens are 
coming out with various ideas to address the challenge. But to really solve the problem facing cities, there has to be a unified 
decision which needs to be a combination of scientific research, technology and best practices. Up till now, not a lot of 
research has been done to bring all the stakeholders' views to the same platform to enhance commonalities and highlight 
differences. To address the difference in perspectives and build a unified view on smart sustainable cities, this paper proposes 
a framework for an integrated definition. The framework will guide current and future planning, policies and investment 
strategies thus enhancing communication and enabling collaborative working between different stakeholders. 
The paper analyses 85 definitions on smart sustainable cities from the 4 stakeholders. During this analysis, the gap between 
the different definitions is understood with the help of primary (indicators) and secondary (keywords) characteristics, which 
are derived from an extensive literature. Quantitative and Qualitative analysis methods are used on the definitions to draw 
comparison between characteristics and stakeholders. This led to development of a unified framework that can be used by all 
the stakeholders to create a definition for smart sustainable cities. The framework suggests impact levels of the characteristics 
on the definition. This step-by-step process will help cities focus on present goals and also have an eye on the future. The 
framework's usage is illustrated with the help of action words and keywords. The framework will direct the policy makers and 
strategy developers to create an unbiased definition for a smart sustainable city, thus creating a resilient city.  
 
 
The Transformation to Resilient Cities 
 Baron 
City of Amsterdam, AMSTERDAM, Netherlands 
 
Addressing exposure to climate change and extreme weather events while contributing to mitigation goals not only depends 
on infrastructure, technology, existing adaptive capacities, energy services or planning decisions. It also depends on the 
capacity of multiple stakeholders to engage in transformative processes and in the participatory management of big data. 
Transformation is an essential element in order for cities to move towards climate resilient pathways. The IPCC Fifth 
Assessment Report defines transformation as 'change in the fundamental attributes of natural and human systems'. In a city 
system, transformation can reflect introduction of new technologies or practices, the formation of new governance structures, 
the emergence of new social structures, or synergetic partnerships. 
The European Commission initiative TRANSFORM, part of FP7, is meant to accelerate the transformation of European Cities 
including Amsterdam, Copenhagen, Genoa, and Hamburg. TRANSFORM's key goal is to drastically reduce CO2 emissions in 
cities, in order to realize local, and EU targets, through increase in renewable energy and energy efficiency. But this initiative 
goes further, as TRANSFORM supports local stakeholders, responsible for investment and policy decisions, to turn their CO2 
ambitions into a Transformation Agenda and into tangible Implementation Plans. 
TRANSFORM stands for an integrative approach to smart city development, including strong stakeholder involvement, data 
analytics and smart tooling, financial strategies and methodologies for co-creation, like service design thinking. The outcomes 
set standards for future European Smart City projects. A Smart Energy City has been defined as a 'highly energy and resource 
efficient, and is increasingly powered by renewable energy sources; it relies on integrated and resilient resource systems, as 
well as insight-driven and innovative approaches to strategic planning.' The application of information, communication and 
technology are central to these objectives. The Smart Energy City, as a core to the concept of the Smart City, provides its users 
with a livable, affordable, climate-friendly and engaging environment that supports the needs and interests of its users and is 
based on a sustainable economy. The data is available as open data via an interactive map. Businesses and organizations can 
independently develop products and services based on these data for energy efficiency and renewable generation. 
This presentation offers a summary of the key insights developed for the city of Amsterdam as part of the EU initiative 
Transform. In particular it explores the key role of big data in enabling transformation to city resilience. 
 
 
Public Private Partnerships for Resilient Communities 
 Pelizzaro 
Climalia, MILANO, Italy 
 
This article focuses on the role of local institutions in mitigation and adaptation to climate change, considering learning 
experiences in promoting public-private partnerships in to resilient actions. It does so under the belief that climate impacts will 
affect disadvantaged social groups and small-communities more disproportionately, and that local institutions centrally 
influence how different social groups gain access to and are able to use assets and resources. Looking at the increasing 
awareness that global temperatures will raise, a mentality 'Climate-smart' must be adopted by all levels of decision-making. 
'Climate-smart' is a term that originated in agriculture, to describe those interventions in the agricultural sector that are able to 
increase the resilience of adaptive capacity to climate change and at the same time reduce emissions of greenhouse gases. A 
mentality 'Climate-smart' incorporates the analysis of climate change taking place in the definition of strategies and 
operational decision-making processes. This approach involves the search for synergies between climate change mitigation 
and adaptation, wherever is possible. What we learnt by mitigation actions is that climate change is inevitably local and that 



institutions influence mitigation and climate responses and vulnerability in three critical ways: a) They structure impacts and 
vulnerability, b) They mediate between individual and collective responses to climate impacts and thereby shape outcomes of 
actions; c) They act as the means of delivery of external resources to facilitate responses, and thus govern access to such 
resources. As for mitigation, for adaptation we consider similar pre-conditions. Base on this pre-conditions we identify Public 
Private Partnerships as a challenge possibility to finance decentralized renewable energies and green infrastructure for 
resilient communities. Considering the 2013 EU Adaptation Strategies and the attached document, Adapting infrastructure to 
climate change, the PPP scheme has been considered a key tool to finance resilient actions. To do this bottom-up approach is 
needed to be adopting for the actions identification. The article aims to demonstrate two main unclear topics in existing 
understanding about institutions and climate change responses: the correlation among Public Private Partnerships and 
participatory process and how it lead to win-win climate responses funding, a learning experience from Sustainable Energy 
Action Plan and Local Adaptation Plan development.  
 
 
The Resilience Pathway 2.0, unlocking finance to adapt 
 Schellekens
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Transition Pathways Ltd., HUNGERFORD, United Kingdom 

 
There is an urgent need for climate adaptation to avoid huge socio-economic losses (growing from today's $6bn to $60bn p.a. 
by 2050 in the 136 largest coastal cities alone). However, non-availability of money is a huge barrier. A flow of private money, 
either additional to or apart from private money, needs to be unlocked. Much focus upon improving vulnerability assessments 
and elaborating adaptation strategies, but hardly any organisation or project integrates investors interests and opportunities 
from the start in a city or coastal area Master planning to finally implement solutions to adapt. 
Being convinced of the urgent need to accelerate climate adaptation and of financing being one of the main barriers a research 
project has been started in 2013 with a focus upon how to unlock financing. We (ARCADIS leading a Climate KIC consortium) 
identified we need to bring together existing high level engineering skills and products and services in partnership with leading 
deal-structuring experts and financial organisations to help riverine and coastal cities to access private and public money for 
climate adaptation. To do this, we have developed and successfully tested (in 6 real EU cases) a unique climate adaptation 
value chain, the Resilience Pathway 2.0'. 
In our workshop we will present the mains of the Resilience Pathway 2.0, exchange the insights gained and lessons learned, 
and discuss the Resilience Pathway to enrich both participants and us. 
Core of the Resilience Pathway2.0 is the marriage' between technical and financial engineering. The next 4 phases and its 
building blocks (3 in each phase) will be explained; 
Phase 1: Scoping. Clarifying the challenges to be addressed and to identify potential opportunities (moments of change') to 
address them. Promising ways to assess the current capacity level will be presented, the CLIM@Tool (physical assessment) and 
the CAP analysis (Capabilities assessment). 
Phase 2: Optioneering. Identifying one or several promising, fundable and feasible business cases around a development. 
These will provide alternative routes to meeting climate and other objectives of projects that will be attractive to private and 
other investors. 
Phase 3: Deal Structuring. Transforming the selected intervention opportunity - as identified in the Optioneering phase - into a 
contract with detailed specifications and financial and legal arrangements (e.g. permitting') to deliver the project objectives. 
Phase 4: Project implementation. Getting the projects or developments realised and well managed. 
The Resilience Pathway2.0, towards huge climate impact and promising business opportunities! 
 
 
Public Private Partnerships for Resilient Communities 
 Pelizzaro 
Climalia, MILANO, Italy 
 
This article focuses on the role of local institutions in mitigation and adaptation to climate change, considering learning 
experiences in promoting public-private partnerships in to resilient actions. It does so under the belief that climate impacts will 
affect disadvantaged social groups and small-communities more disproportionately, and that local institutions centrally 
influence how different social groups gain access to and are able to use assets and resources. Looking at the increasing 
awareness that global temperatures will raise, a mentality 'Climate-smart' must be adopted by all levels of decision-making. 
'Climate-smart' is a term that originated in agriculture, to describe those interventions in the agricultural sector that are able to 
increase the resilience of adaptive capacity to climate change and at the same time reduce emissions of greenhouse gases. A 
mentality 'Climate-smart' incorporates the analysis of climate change taking place in the definition of strategies and 
operational decision-making processes. This approach involves the search for synergies between climate change mitigation 
and adaptation, wherever is possible. What we learnt by mitigation actions is that climate change is inevitably local and that 
institutions influence mitigation and climate responses and vulnerability in three critical ways: a) They structure impacts and 
vulnerability, b) They mediate between individual and collective responses to climate impacts and thereby shape outcomes of 
actions; c) They act as the means of delivery of external resources to facilitate responses, and thus govern access to such 
resources. As for mitigation, for adaptation we consider similar pre-conditions. Base on this pre-conditions we identify Public 
Private Partnerships as a challenge possibility to finance decentralized renewable energies and green infrastructure for 
resilient communities. Considering the 2013 EU Adaptation Strategies and the attached document, Adapting infrastructure to 



climate change, the PPP scheme has been considered a key tool to finance resilient actions. To do this bottom-up approach is 
needed to be adopting for the actions identification. The article aims to demonstrate two main unclear topics in existing 
understanding about institutions and climate change responses: the correlation among Public Private Partnerships and 
participatory process and how it lead to win-win climate responses funding, a learning experience from Sustainable Energy 
Action Plan and Local Adaptation Plan development.  

 
 

2. Economics  
2.1 Economic Instruments of Adaptation 
Creation of modern approach adaptation of water consuming branches to climate changes and degradation of glaciers 
 Normatov 
Tajik National University, DUSHANBE, Tajikistan 
 
One is actual problems of modernity is Global Climate Change and adequate behavior of the each component of ecosystems to 
this change. For the Tajikistan 93% territory, which do mountains and which characterized by availability more 8500 glaciers by 
the total area of 8476.2 km

2
 occupy, or about 6% of all territory of the Republic of Tajikistan is very important. There is a large 

unit of conglomeration in mountains of Northwest Pamir with the center of Fedchenko glacier - the largest mountain glacier in 
the world. By 1988, the glacier has receded more than on 500 m and has decreased on the area for four square kilometers. 
Average speed of step of Fedchenko glacier for the last century made 10-12 meters one year. Average speed of movement of 
glacier in connection with loss of weight has decreased with 72 up to 69 sm daily. In total for 20th century the glacier has lost 
about 12-15 km3 ice. For last 16 years (1990 - 2006 years) a glacier of the Zeravshan River Basin has receded on 35-55 m 
annually the average its speed has made about 3 m per year though in the eightieth years of the last century it has made about 
8 m annually. The created situation and prospect of development of the given trend of reduction of glaciers stimulates search 
of modern methods in preservation and an effective utilization of water resources. In this plan, building of reservoirs for water 
accumulation and corresponding corrective amendments in planning of the water use in agriculture is actual. 
 
 
Budgetary effects of adaptation in EU Mediterranean countries: A CGE framework applied to Sea Level Rise 
 Delpiazzo, Dr Standardi, Dr Parrado 
Euro-Mediterranean Center for Climate Change, VENICE, Italy 
 
Nowadays public budgets are overstretched due to economic crisis and there is an increasing pressure to understand the 
implications of climate change impacts and adaptation strategies on the fiscal side. For many years adaptation has been less 
prominent than mitigation in the public debate. However, the new emphasis on adaptation raises difficult questions: Is there 
any trade-off between spending for adaptation and for other purposes? Given the role of national governments to design 
effective national adaptation strategies, what would be the effects of those expenditures on public budgets? In the meantime, 
national governments are facing many challenges (i.e. financial crisis, aging population, high unemployment levels, and 
growing deficit and debt levels), that limits their leeway. In this context, a policy of austerity with cuts in public expenses 
appears to be the most probable strategy. 
This paper aims to address these issues in a general equilibrium framework. Budgetary implications of autonomous and 
planned adaptation to sea level rise (SLR) are studied using a modified version of the ICES (Intertemporal Computable 
Equilibrium System) model. 
In this framework we sketch a simple adaptation module, assuming adaptation costs are borne by the government, which 
boosts its recurrent expenditures in the infrastructure sector, since adaptation to SLR consists of protective infrastructures. 
Formally, we state that, given the budget constraint and the allocation between expenditure and saving, expenditures among 
commodities change according to a shifting parameter towards the infrastructure sector. 
To perform this comparative static analysis, input data for the analyzed countries (France, Greece, Italy, Spain and Portugal) 
are provided by DIVA (Dynamic Interactive Vulnerability Assessment) model. We consider two different sets of adaptation 
options referred to IPCC SRES A2 scenario along the time horizon 2007/2050. The first scenario is similar to a case of 
autonomous adaptation where agents automatically adjust to price signals in the economy. The second scenario is analogous 
to a planned adaptation strategy where the burden of adaptation falls only on the government. 
Our evaluation focuses on the interaction of the economy real side and the budgetary situation when autonomous and 
planned adaptation take place. We report outcomes on GDP changes, tax revenues (direct vs. indirect taxes), total public 
income level, and the government expenditure level. Conclusively, we consider the deficit/GDP ratio to evaluate the 
interaction of indirect budgetary effects and indirect effects on the real side of the economy, comparing the two adaptation 
options. 
 
 
Efficient adaptation pathways for the Rotterdam area, Making decisions based on uncertain costs and benefits of 
adaptation strategies to cope with increasing flood risk  
 Schasfoort, J.M. Kind 
Deltares, UTRECHT, Netherlands 
 
Climate change, socio-economic development and subsidence will increase flood risk in the Netherlands if nothing is done. 



Therefore, the Dutch government started the Delta Programme aiming to ensure that the Netherlands will be better equipped 
to withstand potential floods. Since (the effects of) climate change are highly uncertain, the chosen flood risk management 
strategies have to be sufficient in various future scenarios. However, besides effective, the strategies have to be efficient from 
a social welfare perspective. How can a policy maker choose the most effective and efficient strategy under high uncertainty? 
The adaptation pathway approach gives policy makers a clear overview of the effectiveness of the different strategies and 
measures under different scenarios. Since, for policy makers the efficiency of the strategies is very relevant as well, we show a 
way to construct pathways based on the costs and benefits of different adaptation measures for different scenarios. The 
Rotterdam area was used as a case study (See also the abstract Recent uses of cost-benefit analysis for political decisions on 
flood risk management in the Netherlands' by Jarl Kind). 
In the Dutch Delta Programme different possible adaptation measures were proposed for the Rotterdam area to keep meeting 
the flood protection standards. First we identified these different possible adaptation measures. Secondly we obtained 
information about the costs, benefits and effectiveness of the measures from the Planning Kit DPRD, a decision support tool 
which computes on an annual basis the expected design water level and necessary dike height. This resulted in costs for dike 
heightening, costs of other adaptation measures and remaining flood damage for two different climate and socio-economic 
scenarios. The last step was creation of efficient adaptation pathways. 
To get an idea about the optimal timing to implement adaptation measures, we estimated costs and avoided damages for 
implementing the different measures in the years 2030, 2040, 2050, 2060, 2070. Subsequently, efficient pathways were 
constructed for a high and low climate scenario. We considered that the most efficient pathways are the pathways differing 
less than 5 percent from the lowest present value. Furthermore, effects on both ecology and shipping are considered by using 
the multi-criteria analysis tool Primate. We are aiming to incorporate these results in the pathways. 
During the presentation we will present our results as well as giving an outlook of the usefulness of this approach. 
 
 
Land Transport Systems under Climate Change: A Macroeconomic Assessment of Adaptation Measures for the Case of 
Austria 
 Bachner 
University of Graz, GRAZ, Austria 
 
Today's developed economies are characterized by a high degree of division of labor and therefore rely on working transport 
infrastructures and services to maintain production processes. Not only industries but also private households rely heavily on 
land transport. 
Knowing that transport systems are crucial requirements in working economies and that these systems are expected to be 
stressed additionally by future climate change the question of macroeconomic effects of damaged and disrupted transport 
systems as well as the consequences of possible adaptation options needs to be addressed. Only on the basis of such a 
comprehensive assessment, going beyond isolated sectoral effects, sound climate policies and adaptation strategies can be 
developed and put in place. 
In this paper we thus carry out a macroeconomic assessment of climate change impacts and planned adaptation measures in 
the land transport sector. The analysis is carried out for the case of Austria; a country lying in Europe's Alpine Region 
confronted with relatively strong average temperature increases and severe flood events in the recent decades, with expected 
further warming and intensification of extreme precipitation events. The analysis is carried out by applying a computable 
general equilibrium (CGE) model with a highly disaggregated transport sector which allows revealing by how much climate 
change impacts are amplified within the economic system and by how much specific adaptation options can reduce these 
impact costs; giving the net-benefit of adaptation on a macroeconomic and societal level. 
The main findings are the following. In a climate change scenario the sectoral (direct) impacts of climate change are amplified 
by a factor >2 due to economic interconnectedness, meaning that the indirect costs of climate change are higher than the 
direct costs. Next, when adaptation measures come into play the comparison of direct impact costs and net-benefits of 
adaptation does not always show a clear benefit at the sectoral level, however, when taking into account indirect effects 
(macroeconomic feedback effects) adaptation clearly pays off: GDP and welfare losses are reduced by up to 55% and 34%, 
respectively, and unemployment declines by 0.04%-points. 
 
 
Building resilience to climate change in agriculture: the role of robust decision-making tools 
 Dittrich, Ms Wreford 
Scotland's Rural College, EDINBURGH, United Kingdom 
 
Research can support farmers to enlarge their portfolio of strategies and adaptation options, both old and new, to manage 
increasing climate risks. However, research should not only explore impacts and adaptation options but go one step further: 
helping to decide to which extent measures should be implemented, appraising adaptations options to weigh costs vs. 
benefits. In our work, we first gather potential impacts of climate change in the agricultural sector in Europe and present an 
extensive range of adaptation options to counteract these. Second, we classify the adaptation options according to whether 
they would be implemented reactively or in anticipatorily. We conclude that a large part of adaptation measures in the 
agricultural sector will be reactive, as many management decisions are made over short decision horizons, thus adaptation 
would not need to begin occurring until the climate clearly is changing in a particular way. Appraisal in a context of reactive 
adaptation can occur through standard cost-benefit analysis. Anticipatory adaptation, i.e. implementing adaptation options 
before the climate change occurs is needed for capital-intensive investments with a long lifetime. For this, the inherent 



uncertainty about future climate change impacts and avoided damages makes it challenging to provide meaningful appraisals. 
For anticipatory adaptation measures, we therefore suggest the use of so-called robust decision-making methods' for appraisal 
including Robust Decision Making, Real Option Analysis and Portfolio Analysis. Robust approaches deliver adaptation goals by 
selecting projects that meet their purpose across a variety of plausible futures and are thus particularly suited for deep 
uncertainty. Generally, robust approaches do not assume a single climate change forecast but integrate a wide range of 
climate scenarios. In our work, we provide concrete examples on how adaptation options with a focus on long life 
time/anticipatory measures can be appraised technically by providing modelling suggestions and specifying the data necessary 
as guidance to decision-maker in the agricultural sector.  
 
 
Climate change impacts and market driven adaptation: The costs of inaction including market rigidities 
 Parrado, Dr. Bosello 
Fondazione Eni Enrico Mattei, VENICE, Italy 
 
To manage the complexity of economic assessments of climate change impacts, climate change research saw an increasing 
development and application of integrated assessment models (IAMs). Their distinctive feature is to describe in a controlled 
environment the 'climate-change issue' in its entirety, i.e. connecting the climatic, the environmental and the social 
components. Two broad approaches can be identified in the economic quantification of climate change damages with IAMs. 
One makes ample use of reduced-form climate change damage functions. Basically, a more or less sophisticated functional 
form translates temperature increases into GDP losses. Parameterization of these functions derives from extrapolation of the 
impact literature or expert opinions. A different approach, often coupled with the use of Computable General Equilibrium 
(CGE) models, consists in translating climate change pressures into changes in quantity/quality of factors of production and/or 
in agents' preferences driving demand and supply behaviour in the models. GDP losses (climate change costs) are thus the 
direct outcome of the simulation and do not stem from an explicit function and its ad hoc parameterization. However, many 
features of climate change, environmental and social responses are still uncertain and/or not well captured by IAMs. They tend 
to be overly optimistic in describing timing and scale of adaptation processes, disregarding the fact that, while adapting, agents 
may not use perfect information and for technological, economic, psychological and cultural characteristics may resist to some 
changes (Patt et al., 2010). These critiques are particularly relevant when climate change impact assessments are conducted 
with CGE models. They provide a peculiar richness in the analysis of climate change costs, but at the same time, they account 
just for marketable relations, modelling instantaneous and frictionless adjustments. In this paper, we investigate the role of 
market driven adaptation. We first run a standard climate change impact assessment exercise with a recursive-dynamic CGE 
model using updated estimates of an extended set of climate change impacts for different temperature increase scenarios. 
Then we use this information to extrapolate a reduced-form climate change damage function. Furthermore, we perform the 
same exercise reducing the model's market driven adaptation features. In practice, we restrict the elasticity of input 
substitution in the production function, the substitutability of domestic and imported inputs, and finally sectoral workforce 
mobility. We demonstrate that, notwithstanding these frictions increase the cost of climate change impacts, they do not 
change substantively neither the qualitative nor the quantitative picture. 
 
 
An integrated decision support framework to evaluate farm-level adaptations to climate change 
 Erangu Purath Mohankumar
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Crop yields are vulnerable to climate variability and change. Adaptation is expected to be key to combating climate change 
impacts, but the actual cost and benefits of adaptation practices under different climate projections are not well understood. 
Many studies have examined climate change impacts on agriculture in the absence of adaptation, but there is a need to assess 
these impacts under conventional management adaptations. 
The objectives of this interdisciplinary research are to: simulate the impact of projected climate change on corn and soybean 
yields under predominant management practices today and for various adaptation options in the future; estimate the effect of 
climate change on days suitable for field work and grain moisture at harvest; and integrate regionally appropriate climate data, 
yields, and agro-climatic constraints on farming operations to make economically optimal adaptation choices for maize-based 
cropping systems for a case study location in the Eastern Corn Belt region of the US. The modeling framework developed can 
be applied to any location with the appropriate data. 
The methods used are: statistical estimation of agro-climatic relationships from observed and projected climate data; crop 
growth and management simulation with the biogeochemical model Daycent driven by historic/projected climate data; and 
farm-level economic optimization using a new GAMS version of the Purdue Crop/Livestock Linear Program (PCLP) to identify 
feasible cost effective adaptation practices. 
The results show that the extent and direction of climate change impacts depend on climate projections taken from the CMIP5 
and crops. The NCAR projection is associated with an increase in corn yields whereas the GFDL and UKMO projections lead to a 
decrease in corn yield. Soybean yields increase for all climate model projections. Among the adaptation practices considered, 
irrigation, split application of fertilizer, rotating corn with soybeans and switching to continuous no-till were found to have a 
positive influence on corn yield. Soybean yields do not respond to the adaptation practices simulated. Economic optimization 
results suggest that there is the potential to slightly increase net income compared to the historic period when adopting some 
of the adaptation practices. 



The study provides an economic decision support tool incorporating adaptation pathways to analyze the agronomic and 
economic impacts of climate that goes beyond previous research examining impacts in the absence of management 
adaptation. The results are helpful for farmers, crop advisors and policy makers struggling to understand the impact of a 
changing climate on commodity agriculture and identify economically viable adaptation strategies. 
 
 
Combating climate change with environmental markets 
 Schultz 
GreenCollar, SYDNEY, Australia 
 
James Schultz is a highly regarded environmental markets expert and an authority on issues related to reducing the impact of 
climate change. As CEO of GreenCollar, Australia's leading natural resource management and environmental markets 
consultancy, James and his team are providing innovative solutions to meet the challenges of reducing the impact of climate 
change. 
In his presentation, Combating climate change with environmental markets' James will discuss why environmental markets are 
the genuine solution to addressing global environmental problems with significant environment, economic and social 
outcomes. 
James will draw on examples from the work he and his team at GreenCollar are implementing to develop new markets, for 
example biodiversity and carbon. These initiatives include the development of the world's first forest carbon accounting 
methodology (http://greencollarclimate.com.au/sectors/landuse/) to generate carbon credits by converting commercially 
logged forests into conservation areas. 
By providing financial incentives to landowners under Australia's Carbon Farming Initiative 
(http://www.environment.gov.au/climate-change/emissions-reduction-fund/carbon-farming-initiative-project-transition), 
GreenCollar has generated over $25 million for family farms in Australia, and saved over 250,000 of native forest making the 
area one of the largest privately owned conservation zones in the world. 
James will also discuss strategies for meeting global emissions targets and ideas for how these can be implemented by 
highlighting the success of GreenCollar native forest projects throughout Australia, South-East Asia, Africa, South America and 
Europe. 
James has considerable experience in advising governments, international development and financing organisations, as well as 
the private sector in the development and implementation of climate change adaptation/mitigation financing strategies and 
environment and natural resource management investment programs, with a focus on land use and carbon. 
Previously a senior adviser for the World Bank, the African Union and the UN's Food and Agriculture Organisation, James' 
expertise lies in navigating new environmental markets to address the impact of key environmental issues such as carbon 
emissions, biodiversity and food security. He has led GreenCollar to become Australia's largest project manager and investor 
under Australia's Carbon Farming Initiative, having written up 95 per cent of Australia's native forest carbon abatement. 
 
 
Economic assessments for climate change adaptation in urban planning: The case of Jena, Germany 
 Gebhardt, Meyer 
Helmholtz Centre for Environmental Research - UFZ, LEIPZIG, Germany 
 
Impacts of climate change are likely to be particularly severe in urban areas. Spatial planning is of critical importance for 
adapting to these changes at the local level. Decision makers have to determine which adaptation measures are appropriate to 
diminish adverse consequences or take advantage of positive effects of climate change. Despite the need for data and 
instruments to support these choices and the availability of a multitude of science based guidance, scientific knowledge is only 
scarcely used in these processes. Empirical evidence suggests that this is often due to the fact that (especially monetary) 
assessments of adaptation options are very time-consuming, resource-intensive and require a comparatively high level of 
expertise.  
Therefore, we look for ways to support decision making in urban planning respecting the existing constraints and apply these 
to a number of development projects in Jena, Germany. The aim is to help designing land development plans which suit best 
current and future climatic conditions and perform well with regard to other relevant aspects to be regarded. As not all of 
these, e.g. aesthetic aspects, changes in heat stress levels etc., can easily be measured or translated into monetary terms we 
conduct multi-criteria assessments (MCA) comparing alternative drafts. Obviously, costs are an important assessment 
criterion. For a particular adaptation measure, i.e. green roofs, a separate cost-benefit analysis (CBA) is carried out. The CBA 
results are considered when determining the value of the cost criteria.  
The MCA is carried out using the tool PRIMATE which has been developed by UFZ to facilitate the application of the outranking 
approach PROMETHEE. PRIMATE is capable of dealing with uncertain input data using a Monte Carlo simulation approach. 
Additionally, uncertainties related to varying preferences of relevant stakeholder groups with regard to the criteria used for 
appraisal are considered simultaneously.  
Experience shows that impact data, e.g. information on changes in heat stress levels are particularly hard to obtain with 
reasonable effort. Acknowledging the limited resources the innovative software Urban Heat Tool - URBAHT is used for the 
impact assessments. The software uses an algorithm to process data on various structural and climatic factors which can easily 
be obtained from public sources to determine changes in site-specific heat stress levels.  
We present the application of both tools, URBAHT for estimating site-specific heat stress levels and PRIMATE for an integrative 
assessment, for a major urban development project in Jena, the MCA results and the lessons learnt.  



 
 
Assessing the impacts of green areas as adaptation measure on human health: A quantitative approach 
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Many authors have shown their interest on the relationship between ecosystems and human wellbeing, but the diversity on 
existing approaches and the disparity among the results make it difficult to transfer the epidemiological data from the original 
case studies to new geographical contexts. 
This study employs econometric tools to measure the effects of green and blue areas on human health and to get a glance on 
the mechanisms that affect this interaction. 
The analysis is built on a set of stages ranging from a comprehensive review of the literature to the selection of the appropriate 
explicative variables to be included in the regression model. The review of the state-of-the-art literature focuses on both 
quantitative and qualitative papers from the last decades. Studies offering a quantitative explanation of the measure of the 
relationship between health and ecosystems are selected and their results included in a database. In order to create a single 
indicator for the health outcome it was necessary to transform the given outcomes into a measure of the variation of the risk 
conditional on the variation of the level of access to ecosystems. 
A preliminary statistical analysis confirms the first intuition of the existence of a positive relationship between ecosystems and 
human health. The analysis employs a Heckman selection model as econometric tool in order to correct for selection bias. 
The analysis performed shows a positive and significant relation between green and blue areas and human health, after 
controlling for variables such as GDP per capita, climate or share of the product dedicated to expenditure on health.  
 
 
A Real Options approach to investigate investments in adaptation technology 
 Linnenluecke 
UQ Business School, The University of Queensland, BRISBANE, Australia 
 
Adaptation projects face uncertainty from political decisions, but also from uncertain outcomes regarding the costs and 
benefits of adaptation. This research uses a Real Options framework for investigating the impact of government commitment 
to climate change policy on the uptake of adaptation measures and technology. Real Options are alternatives or choices that 
become available and present economic or business opportunities. Real Options can include opportunities to delay, expand or 
cease projects, such as investments in adaptation technology. 
Investments in technology for adaptation (e.g., infrastructure upgrades, changes in building codes or energy and water supply 
networks) provide a case for the application of Real Options. There are many embedded options involved, including the 
abandonment option and the option to expand. If the option shows up as a failure at an early stage, it can be abandoned. This 
effectively truncates losses to the amount of funds spent until this point. If the option is successful, further funds can be 
injected. Finally, there is an option to curtail further development at an early stage if a new technology or adaptation option 
proves to be a failure. The optimal use of each of these options effectively truncates the down side exposure and maximizes 
the up side gains. 
The challenge is to determine the optimal investment plan for governments and investors facing stochastic events. In the case 
of international action on climate change, we can imagine a 21-stage Decision Tree with one stage for each meeting of the 
Conference of Parties (COP) from COP-1in Berlin in 1995 to COP-21 in Paris in December 2015. If climate change negotiations 
in Paris are successful, governments will commit to further investments in both mitigation (clean energy, more stringent 
carbon prices) and adaptation. However, it might also turn out that governments decide to significantly delay action, as seen in 
the case of Australia. 
This research is part of a broader research agenda comparing the preparedness of a country like Australia which took the wait 
approach at essentially every COP to a country like Germany which took the expansion approach to basically every round of 
the COP. It is therefore interesting to compare preparedness for adaptation of a country like Australia which used the delay 
tactic to a country such as Germany. This results in a different level of preparedness for each of the countries to climate change 
risk and to take advantage of any related opportunities. 
 
 
Accounting for Risk Aversion in Intertemporal Decision Making: Discounting Implications of Different Preference Models 
 Hector 
ETH Zurich, ZURICH, Switzerland 
 
The cost-benefit analysis of climate change measures is a prominent example for the evaluation of long-term investments. The 
consumption discount rate plays a crucial role in this context, since long time horizons amplify the discount rate's significance 
in determining an investment's desirability. Seemingly small differences in the discount rate have a major impact on suggested 
climate policy, as exemplified by the debate surrounding the Stern Review on the Economics of Climate Change and William 
Nordhaus' integrated assessment model DICE. Stern, whose consumption discount rate is rather small, calls for 'strong and 
early action' to tackle climate change. Nordhaus matches the discount rate to a comparatively high interest rate and 
consequently argues for a more conservative 'climate policy ramp'. This discordance arises from different assumptions on 
societal preferences in a deterministic setting. Both contributions lack a comprehensive treatment of risks and risk attitudes. 



I present and discuss different approaches to account for risk and risk aversion in a more comprehensive manner. In particular, 
I compare the discounting implications from postulating the additive expected utility (EU) model, the Epstein-Zin (EZ) recursive 
model, and the Risk-Sensitive (RS) recursive model. The EU model is the workhorse model for decision making under risk. Its 
popularity, however, is due to its simplicity rather than to its power. In this model, it is not possible to disentangle the degree 
of risk aversion from the intertemporal elasticity of substitution (IES) - two preference characteristics which are of utmost 
importance in climate policy assessments. The EZ and RS models tackle this drawback: They allow for a disentanglement of risk 
preferences from the IES, and thus for more appropriate assumptions regarding decision making in a risky world. While the EZ 
and RS models both allow for a flexible treatment of risk preferences, they differ with respect to the specific type of risk 
aversion which they postulate. 
The presentation communicates advantages and challenges of the above mentioned preference models. While I do not 
attempt to attach a 'correct' value to the discount rate in the context of decision making under risk, I hope to sensitize with 
respect to the policy implications of different preference models. The presentation draws on my theoretical papers 
'Accounting for Different Uncertainties: Implications for Climate Investments?' (CER-ETH Working Paper, 2013) and 'Extending 
the Ramsey Equation further: Discounting under Mutually Utility Independent and Recursive Preferences.' (work in progress, 
2015), but prioritizes general ideas over theoretical details. 
 
 
Are we under- or overreacting to climate change? 
 Bülow von 
DTU Climate change and sustainable development group, COPENHAGEN, Denmark 
 
When facing low-probability events with high-stakes, people's mode of thinking can make them fall prey to biases.The paper 
looks at this phenomenon in a climate change setting by considering how different levels of ex-ante exposure to weather 
extremes are expected to bias individual climate change-adaptation choices in a weak ambiguity setting. It conjectures that 
such bias is a result of a skewed risk perception which can then lead to over- and under-updating probabilities. This can then 
deviate individual choice from what is anticipated by benchmark models.The paper starts out by articulating how behavioral 
economics can be applied to climate change research. First, the pitfalls in decision making must be recognized and understood. 
This paper provides the tools to understand adaptation decision making that has been biased by extreme weather exposure. It 
provides a hypothesis using a specific information scenario - weak ambiguity, it also briefly discusses the strong ambiguity 
scenario. The next step in the process of learning to avoid these pitfalls is testing them. The paper proposes that follow-up 
research should document these tendencies in laboratory settings and generalize it with many more examples (as well as field 
framed experiments). It concludes with a discussion of how once we as researchers know how to avoid the pitfalls we can 
advise others in how to make better decisions.The discussion of alternative information scenarios, experimental testing and 
implementation plans are all points which are imperative to developing the conjecture presented in this paper. If this is in fact 
a bias that is present in the climate change setting, it may be difficult to counterbalance. However, recognizing its existence is a 
start. Moving from recognition to testing, and finally to action may not be easy, but given the dire implications of the decisions, 
it is crucial. 

 
2.2 Comparing costs and benefits of adaptation implemented by different actors 
Valuing malaria morbidity: Results from a global meta-analysis 
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The risk of malaria transmission worldwide is expected to increase with climate change. This makes it important, from an 
economics perspective, to focus on the costs of illness and the benefits of avoiding malaria. To this end, we analyze the factors 
that explain willingness to pay (WTP) to avoid malaria morbidity by summarizing the valuation literature via a meta-analysis. A 
previous meta-analysis on malaria is improved by extending the database, introducing new explanatory variables and using 
more sophisticated analytical tools. These analytical tools include comparing multiple regression models via a cross-validation 
exercise, to quantify best fit and a sensitivity check by excluding outlier residuals. Regression models include weighted least 
squares, random effects and mixed effects. Consistent results from the regressions are listed. Revealed preferences, as 
opposed to stated preferences, significantly gives lower mean WTP values. No significant differences are detected for policies 
that either prevent (pre-morbidity) or treat malaria (post-morbidity). We add two new results to the morbidity literature. 1) 
Age has a non-linear impact on mean WTP (increasing between 33 and 54 year-olds) and 2) WTP decreases if malaria policies 
target communities instead of individual households. These results provide policy-makers with important information on the 
dynamics behind the benefits of malaria interventions. 
 
 
The role of residents in climate adaptation: a systematic overview of default and alternative roles 
 Hegger, P.P.J. Driessen, H.A.C. Runhaar, H.L.P. Mees 
Utrecht University, UTRECHT, Netherlands 
 
Literature on roles and responsibilities of public and private actors in climate adaptation has hitherto devoted limited attention 
to the roles of residents (homeowners/tenants). Yet their role is crucial in addressing non- or maladaptation, as their initiative 



or consent is often necessary to take private property level adaptation measures. This paper provides a systematic sketch of 
default and alternative roles of residents in climate adaptation, based on a review of literature on the climate adaptation 
actions of residents. This covers three forms of residents' commitment to adaptation: (a) as citizens falling under the 
jurisdiction of various governmental levels; (b) as consumers (including home owners) in the market; (c) as civil society 
members. The overview suggests that there would be scope for alternative roles for residents in climate adaptation, especially 
regarding the latter two forms of commitment. The paper also discusses implications for research into and practice of 
adaptation governance. 
 
 
Efficiency of private precautionary measures for fluvial flood risk reduction in a changing environment 
 Kreibich 
German Research Centre for Geosciences, POTSDAM, Germany 
 
Combined structural and non-structural flood mitigation measures are promising adaptation strategies, since they take into 
account that flood defense systems may fail, and prepare for such unexpected crisis situations. Significant economic benefits 
are expected from non-structural options like building precautionary measures, e.g. shielding with water shutters or sand bags, 
waterproof sealing, and fortification or safeguarding of hazardous substances. However, despite their growing importance 
quantitative information about their state of implementation and their costs and benefits are hardly available. 
Therefore, flood damage data from recent floods in Germany were analyzed to gain quantitative information on the one hand 
about how many households implemented private precautionary measures and what motivated them to do so and on the 
other hand about damage reducing effects of precautionary measures in different flood situations. Together with cost 
estimates micro-scale cost-benefit analyses were undertaken for building precautionary measures. 
Results show for example, that flood adapted use and adapted interior fitting are able to significantly reduce flood damage 
across various water depth and flood types. For in-stance, during the extreme flood in 2002 they reduced the damage ratio for 
buildings by 46% and 53%, respectively. The comparison of benefits and costs demonstrates that large investments, like the 
building of a sealed cellar, are only economically efficient, if the building is flooded frequently, thus built in areas at serious risk 
of flooding. In contrast, small investments like the installation of an oil tank protection can prevent high damage at very low 
cost. 
 
 
Cost-benefit analysis in climate change: the use of participatory methodologies 
 ALVES, GPL Penha-Lopes, AV Vizinho, IC Campos 
FFCUL / CCIAM, LISBOA, Portugal 
 
Drawing conclusions from the concrete case study of urban flooding adaptation strategies for the city of Cascais, Portugal, we 
highlight the need and advantages' of complementarity between economic appraisal tools as well as higher levels of public 
engagement and stakeholder involvement in the action research process as well as in the decision-making process. Both 
factors - complementarity and participation - bring transparency, inclusiveness, efficiency, effectiveness and a democratic 
validation and support for the chosen measures, elements which are paramount in taking action for climate change adaptation 
at the local level. From an economic stand-point both factors also bring higher confidence in the assumptions taken, higher 
resolution and accessibility for specific data, clearer precision on which are the relevant impacts and stakeholders changes to 
be measured while making the price shadows more easily visible to the analyst as well as to all other stakeholders. We've also 
concluded that the use of participatory methodologies can lower significantly the costs of adaptation namely regarding green 
and soft measures were active citizenship and the cooperation between sectors can play a role.  
 
Following the use of participatory Multi-criteria decision Analysis, cost-effectiveness analysis and the development of a hybrid 
methodology - Participatory Cost-benefit Analysis - for the study of several green and grey adaptation measures for flood 
adaptation in Cascais over a period of 18 months, conclusions are taken regarding the use of participatory versus non-
participatory methodologies in mainstreaming climate change adaptation policy and decision-making at the local level, and 
regarding the complementarity between MCDA, PBCA and CEA in lowering costs while increasing support and lowering 
uncertainty.  
 
 
Coastal management in a changing climate: A cost-benefit perspective for 5 coastal communities in Quebec, Canada 
 Da Silva, Circé, Morneau, Mercier 
Ouranos Inc., MONTRÉAL, Canada 
 
Quebec's coastline extends over 6,000 km, from the St. Lawrence estuary to the Magdalena Islandsand is home to numerous 
coastal communities. Changing climate conditions are already threateningthese communities by exacerbating flooding and 
erosion problematics. Although research on theimpacts of climate change has been well under way for a decade in Quebec, 
the assessment of thecommunities' vulnerabilities to these impacts, the estimation of the impact costs and the identificationof 
the appropriate adaptation strategies have just begun.The study undertaken by Ouranos aims at using cost-benefit analysis 
(CBA) to assess the economic profitability of different adaptation measures in the context of climate change over a 50-year 
horizon. The CBA are based on erosion rate projections and flooding scenarios taking into account sea level rise projections as 
well as the reduced ice cover, changing storms regime and freeze-thaw cycles, when data is available. 



From an economic point of view, the study focuses on internalizing non-priced effects by using stated and declared 
preferences techniques. By doing so, the CBA incorporates not only economic impacts, but also environmental and social 
effects. For example, the impacts of coastal interventions on recreational activities and environmental amenities are also 
considered. In order to do so, a variety of methodologies have been developed from econometric analysis of household 
market prices to declared preferences from local survey on recreational use of the coast. 
From a governance point of view, the CBA aims at increasing general knowledge to assist practitioners, public servants, citizens 
and local authorities in making efficient decisions in terms of coastal scheme management in a changing climate. In line with 
this objective, the study adopted a stakeholder participatory approach, where interested parties contributed to refine 
coastline evolution understanding and identify solutions and anticipated impacts. Such an approach makes the CBA a powerful 
dissemination tool in favor of increased resilience for coastal communities.  
The study also focuses on adaptation strategies which are flexible, adaptive and effective from an economic point of view. We 
have worked in close collaboration with coastal engineers to develop solutions that can evolve as uncertainty on the climate 
trajectory and its impact on coastal erosion is reduced. 
Overall, the study should increase the wellbeing of coastal communities by performing cost-benefit analyses integrating 
innovative methodologies in the scientific, technical, economic, environmental and social fields. 
 
 
Flood risk management at property level: a matter of costs and benefits? 
 Mees, Mees, Crabbé 
University Antwerp, ANTWERPEN, Belgium 
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Hannelore.mees@uantwerpen.be 
Ann Crabb, University of Antwerp, Research Group Environment & Society 
Ann.crabbe@uantwerpen.be 
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Problem definition 
Among Belgian water managers, flood protection at household scale has recently become a topic of debate. Like other 
European countries, Belgium has to draft flood risk management plans by the end of 2015 and several water managers use this 
as an opportunity to rethink and broaden their range of flood risk strategies. The Flemish government decided to make use of 
cost-benefit analysis to determine for all its watercourses an optimal mix of prevention, protection and preparation measures . 
In its analysis, it did not only look at public investments but also included measures to be taken at household scale. An 
innovative approach seen the fact that Belgian flood management is traditionally considered an exclusive government 
responsibility. Consequently, the results of the Flemish study caused controversy among flood managers at different 
government levels. The cost-benefit approach of the Flemish government was contested by other water managers and local 
authorities, who questioned the effectiveness and equity of property-level protection. Remarkably, changes in governments' 
ideas on division of responsibilities between public and private actors have - until now - not been noticed to appear in societal 
debates on flood governance. 
Paper outline 
In our paper, we will give an overview of the methodology used by the Flemish government and elaborate on arguments for 
and against individual flood protection. We base our results on two case studies, which we conducted in Geraardsbergen and 
Lessines. These two cities have been hit by flooding in 2010 and have afterwards taken steps to improve their flood risk 
management. 23 interviews have been conducted with water managers, spatial planners, crisis managers, civil society 
organisations, etc. The case studies make part of the EU-FP7 STAR-FLOOD project.[1] 
Our research shows that although most actors expect property-level protection to be cost-beneficial in some cases, a lot of 
uncertainty remains about their effectiveness and responsibilities for funding and implementing this type of measures. Actors 
indicate more international expertise exchange on the subject would be desirable to help overcome this knowledge barrier. 
[1] More information on STAR-FLOOD can be found at www.starflood.eu. 
 
 
Economic assessment of grey and green climate change adaptation options: contrasting urban and natural environment 
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Climate change substantially influences socio-economic processes and the natural environment. The need to adapt to climate 
change poses new challenges to decision-makers, requiring thorough assessments of the efficiency of various adaptation 
options and their economic feasibility. Although a wide array of economic assessment tools is currently available, their 
practical implementation related to climate change adaptation has been limited so far. 
In this contribution, we present two different applications of a cost-benefit analysis (CBA) within two case studies conducted in 
the Czech Republic. Each case study was characterized by distinct ecological and socio-economic conditions as well as different 
adaptation needs. The first case study, carried out in the capital of the Czech Republic, Prague, focused on the assessment of 
grey adaptation measures, aimed at the mitigation of floods. We analysed the suitability and rate of return of current flood 



control system within different flood intensities, based on economic and geographical data. The results show that the potential 
damage would significantly overweight the costs of the flood control system if any greater flood occurred. 
The second case study was conducted in the umava National Park and UNESCO Biosphere Reserve, which presents a valuable 
and vulnerable natural area characterized by extensive forests and mountainous ecosystems. In the latter case, the CBA aimed 
to assess various ecosystem-based adaptation options, including sustainable landscape management and the enhancement of 
ecosystem resilience. The novelty of the assessment methodologies applied in this contribution lied in two aspects. First, we 
included traditionally non-priced entities such as ecosystem services in the CBA, utilizing ecosystem-service modelling with the 
InVEST suite of modelling tools. Specifically, we focused on carbon storage, nutrient retention, erosion control and 
hydropower generation, provided by local ecosystems. Second, we increased the robustness of the results by taking several 
future adaptation scenarios into account, which were previously developed using participatory scenario building approaches. 
In addition, the CBAs in this study comprise sensitivity analysis for two different climate change scenarios, RCP4.5 and RCP8.5. 
The results of the study show that incorporating landscape characteristics and ecosystem services in the assessment of 
adaptation costs and benefits noticeably changes traditional perceptions of the economic efficiency of various adaptation 
measures. Therefore, this study generates broad comparison of various adaptation possibilities and provides the basis for 
sustainable landscape management and decision-making. 
 
 
Assessing the costs and benefits of climate smart agriculture- a global tool tested locally across 3 continents 
 Guerten, Laderach, Sengundar, Parker, Martinez Valle 
International Center for Tropical Agriculture (CIAT), HANOI, Vietnam 
 
Climate Smart Agricultural (CSA) practices can create benefits for smallholder farmers by achieving a sustainable increase in 
agricultural productivity and at the same time contribute to climate change adaptation and/or mitigation. However, how can 
we identify which practices are most suitable to existing agro-ecologic conditions, resilient to regional climate risks under 
different scenarios and that can achieve objectives identified by key stakeholders? Importantly, what are the costs and 
benefits of applying those prioritized practices? What are the trade-offs and how do they align to achieve equitable and 
sustainable development outcomes? How can the most promising practices be taken to scale? 
The study initially focuses on the development of a spatial methodology for the identification of climate risk hotspots that 
would benefit from the adoption of CSA practices. Based on these findings, we discuss approaches and results of a newly 
developed and innovative tool for decision-makers, which assesses costs and benefits of CSA practices, prioritized through 
criteria developed by local stakeholders. The cost benefit analysis includes the quantification of trade-offs and the estimation 
of the moment and level of peak adoption of CSA practices. The tool is being tested in 3 target regions in different agro-
ecological and climatic landscapes in Vietnam, Uganda and Nicaragua. Supra-regional integration unions and alliances (the 
ASEAN Climate Resilience Network (CRN) in Southeast Asia, the CSA Alliance in Africa and the Consejo Agropecuario 
Centroamericano (CAC) in Central America) are platforms to scale out prioritized CSA practices from the village level to 
regional level. In each region key partners from ministries and universities at national and local level are involved in the 
research and development of the cost benefit analysis tool. The user friendly and robust tool will enable policy makers to take 
informed and evidenced based decisions. 

 
2.3 Economics of Adaptation – European case studies on the costs and benefits of climate 
change and adaptation 
 
Regional costs and benefits of adaptation to extreme weather events: A SCGE framework 
 Jahn 
Hamburg Institute of International Ecomics (HWWI), HAMBURG, Germany 
 
 
Climate change may affect subnational regions in very different ways and thus, regional models are needed to derive economic 
impacts. This paper presents an approach to model the impacts of climate change induced extreme weather events and of 
corresponding adaptation policies on a regional economy, focusing on water-related extreme events. The modeling framework 
is based on a regional spatial general equilibrium (SCGE) model where changing flood risk affects land productivity. The spatial 
structure allows taking into account not only the vulnerability of economic sectors but also of different locations inside the 
model region. The model is used to estimate possible spatial effects and regional economic losses of climate change induced 
flood events in the city of Hamburg, Germany and to evaluate flood adaptation measures. A sensitivity analysis is used to 
identify the influence of economic flexibility, of sensitivity to flood risk change and of climate change scenarios on the costs 
and benefits of a specific adaptation measure. 
 
 
The economic-wide consequences of large-scale floods. How resilient is the European economy? 
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For a successful adaptation strategy, it is necessary to have an in-depth understanding of the economic consequences of a 
flood. To assess the economic consequences of large-scale river floods in Europe, we introduce an integrated direct and 
indirect risk model for the European economy as a whole. The proposed methodology consists of multiple steps. First, a direct 
loss assessment is conducted for the 50 largest river basin districts in Europe, based on simulated floods for several return 
periods. Second, the direct losses in capital and labour are translated into the loss in production per sector. Third, the recovery 
of this production shock is modelled using a hybrid interregional input-output model, combining non-linear programming and 
input-output modelling. This combination makes it possible to find (1) the possible production losses in the affected regions 
and other European regions, (2) the required production in Europe to satisfy additional reconstruction demands from the 
affected regions and (3) the required production in other regions that is necessary to take over lost production in the affected 
region. Consequently, when knowing how much production is lost (or gained) in each region, the economic consequences can 
be assessed. Finally, the model outcome is loss estimation expressed in terms of expected annual damage. To assess these 
consequences, interregional supply and use tables are used, consisting of 256 different European NUTS2 regions. This data 
makes it possible to model the indirect losses for both the affected regions and the rest of Europe in detail. By combining the 
outcomes of all floods in all the river basin districts, it is possible to determine the flood risk of each region in Europe, even 
when a region is not directly hit by a flood. Consequently, the overall consequences for the European Union are found to be 
positive for small-scale floods and negative for large-scale floods.  
 
Adapting to climate change: the costs and benefits of incremental and transformative changes 
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A changing climate will inevitably impact on the natural environment, including ecosystems as well as the production of food 
and fibre. Adaptation is necessary to minimise the negative impacts of climate change, take advantage of opportunities, and 
ensure that ecosystem services and food and fibre production are maintained. Depending on the speed of onset and the 
magnitude of changes, effective adaptation may simply require incremental changes to business-as-usual practices for 
farmers, or the adoption of best practice that should occur regardless of climate change. Other, more severe changes will 
require a shift beyond incremental changes or adaptive management to a transformation in practice or land use. 
Whatever the type of adaptation, more detailed information is required as to which adaptation measures will yield relatively 
greater social rates of return. Such information would help define an efficient adaptation agenda in the agricultural and natural 
environment sector. Economic analysis of adaptation is often complex, particularly so in the agriculture and natural 
environment sectors, which must grapple with the numerous intricacies associated with biological systems: uncertainty 
surrounding the effectiveness of adaptation due to incomplete knowledge of interactions within systems; different responses 
between as well as within species, and location specificity, among others. Furthermore, in many cases there is no market for 
valuing the benefits of adaptations, requiring the use of non-market valuation techniques, thus generating further uncertainty 
in an already complex situation.  
This presentation identifies a range of adaptations across the natural environment and agriculture sectors. We apply cost-
benefit analysis to selected adaptation options, to determine net present values and highlighting where the greatest returns 
can be made. The results span a wide range, with some soil management practices generating negative NPVs but most other 
adaptations being positive, with particularly high NPVs being generated in the livestock sector as well as peatland restoration. 
The analysis highlights numerous methodological challenges, but also provides the basis for a discussion on priorities and 
planning for adaptation in the agricultural and natural environment sector.  
 
An economically sound supply level for freshwater in the Netherlands? The results of 35 years of economic analyses to 
protect the Dutch fresh water supply. 
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Getting the right amount of water of a good quality at the right time at the right place is already a challenge for Dutch water 
managers. On top of that climate change may reduce the freshwater supply, which may cause damages to sectors such as 
agriculture, shipping and (drink water) industry and nature. 
Starting with the PAWN study (Policy Analysis of Water management in the Netherlands) in 1981, the Netherlands carried out 
several studies to substantiate the costs and benefits of water policy options. This first study estimated the change in both 
income and expenditure of households due to different water policy alternatives. Twenty-five years later the Dutch 
government carried out the Water Scarcity Study' to analyse both severity and extent of water scarcity in view of climate 
change. 
With the start of the Delta Program in 2010 new interest was generated for fresh water security. Different economic studies 
were carried out to support the choice of measures that will secure water supply in the future. However, the studies did not go 
beyond cost-effectiveness analyse, mainly due to the high level of scale, probabilities and return period of water scarcity 
events and the lack of information to estimate damage curves for the different sectors. Additionally, adaptability, price 
elasticity and indirect effects were not taken into account. Consequently, the economic base for decision-making was limited. 



With earlier studies in mind, the question is how to improve the economic analysis of freshwater supply?  
Recently, the Dutch Delta Program introduced so-called supply levels' to make the availability of freshwater transparent. From 
the viewpoint of social welfare, it is important that these supply levels are economically sound. For example, from an economic 
perspective water can be best allocated to sectors and places were water can add the most economic value. Currently, we 
work on an economic analysis that deals with the before mentioned gaps in knowledge. Our goal is supporting the introduction 
of economically sound supply levels by applying a historic analysis of the effects of water scarce years on revenues and prices 
in agriculture as well as the damages to shipping and nature. Additionally, we will conduct two local case studies aiming to 
explore the best way to support the supply levels. For example, we attempt to estimate both potential maximum damages and 
potential damages for characteristic years for different sectors. During the session, we will present our set-up and first results. 
 
Assessing the economic general equilibrium effects of Sea Level Rise in the Italian Regions 
 Standardi, Eboli 
FEEM - Fondazione ENI Enrico Mattei, VENICE, Italy 
 
 
The aim of this work is to test a methodology combining a top-down approach, sub-national CGE (Computable General 
Equilibrium) model, and a bottom-up approach, DIVA (Dynamic and Interactive Vulnerability Assessment) model, to assess the 
economic general equilibrium effects of SLR (Sea Level Rise) in the twenty Italian regions by the end of 21

st
 century. 

Global CGE models are usually top-down as the typical investigation unit is the country. We try to make climate bottom-up 
models and economic top-down models closer in order to improve their coupling and allow for a deeper economic 
assessment.  
Our approach considers all the economic interactions among the Italian sub-national regions and between each sub-national 
region and the rest of the world. The optimal behavior of the economic agents responds to change in prices, which, in turn, 
signal the productivity loss in the resource induced by the climate change impact (market-driven or autonomous adaptation). 
By using our framework we are able to capture three different types of autonomous adaptation: adaptation driven by trade 
reallocation, by capital reallocation and by labor reallocation. The standard CGE models specified at the country level generally 
exclude the last type. 
To manage the uncertainty related to the integration's degree across the regional economies, we build a rigid version of the 
CGE model and a flexible one. This allows us to control the economic effects of SLR when the flexibility in the Italian economy 
changes. 
Results show that Emilia Romagna and Veneto are the most affected Italian regions by SLR in terms of GDP loss in all the six 
SRES (Special Report Emission Scenario). 
The uncertainty in the Italian overall impact is mainly related to the SRES rather than the version of model (rigid and flexible), 
even if the GDP losses slightly decrease when the markets are more integrated and flexible.  
The model flexibility matters much more for the geographical distribution of economic effects at the sub-national level. 
Increasing the level of integration in the Italian economy makes the GDP regional patterns more uneven, exacerbating the 
winner/loser dynamic between coastal and landlocked regions. In the flexible model coastal regions are positively affected by 
SLR as labor and capital re-allocate from the coast to inland where factors' remunerations are higher. 
Further research will include: a) extending the regionalized database for other European countries; b) use the sub-national CGE 
tool to estimate other climate impacts, such as extreme events and crop productivity change. 
 
Germany and extreme weather events: Do investments in adaptation measures pay off? 
 Drosdowski, Lehr, Nieters 
GWS, OSNABRÜCK, Germany 
 
 
Climate change poses a global challenge. However, its effects display heterogeneity across regions and economic sectors. Their 
extent depends heavily on local socio-economic conditions. To find adequate adaptation measures, an assessment of possible 
damages to regions and economic sectors within these regions is required. In recent years, several extreme weather events 
revealed Germany's vulnerability to these events due to its dependence on high-tech production sites. 
This paper presents findings from a study of adaptation to extreme weather events related to climate change. For this exercise, 
an input-output-based macro-econometric model for Germany was extended to capture 1) damages resulting from heat 
waves and river floods and 2) adaptation measures to prevent damages. The paper deals with collapses in industrial and 
agricultural production, shifts from domestic production to imports, and heat-related decreases in labor productivity. A 
reinforcement of dikes and the creation of retention areas are considered, as is the greening of roofs. Three scenarios are 
compared: 1) a scenario without considering extreme weather events, 2) a scenario capturing extreme weather events and 3) 
one simultaneously considering extreme weather events and adaptation measures. The simulation results reveal slightly 
negative overall economic effects of extreme weather events in Germany, which are increasing over time. Investments in 
adaptation measures pay off, since negative effects diminish. However, despite adaptation the German economy as a whole is 
worse off in comparison to a situation without climate change. At the sector-specific level, simulation results identify opposing 
effects: Some economic sectors are negatively, others positively affected by extreme weather effects and therefore respond 
differently to adaptation measures. This result supports the idea that suitable adaptation measures have to be based on sector 
specific data. Moreover, challenges for Germany also arise from climate change along the international value chain, and may 
lead to larger distortions than the domestic damages. 
 



 
The costs of climate change related damage at city level: a rapid assessment tool for Dutch municipalities 
 Van Bijsterveldt, Goosen 
Alterra Wageningen UR, WAGENINGEN, Netherlands 
 
 
Problem statement 
Cities need to adapt to climate change. Yet, only few cities have adaptation planning processes underway (Hurliman and 
March, 2012) and that most local governments have not begun to address specifically climate change in their (spatial) plans. In 
the Netherlands, the Delta Program urges cities to adapt but there is no legally binding legislation. The CLICO (climate costs) 
tool was developed to calculate the total damage costs for individual cities, in case cities don't adapt. Potential damages as a 
result of climate change is a key-driver for the development of adaptation strategies (Biesbroek, Swart et al. 2010). Costs for 
climate change inaction can be used as an indicator to determine the adaptation deficit of a certain city area. 
Method 
Damage costs = probability X effect. Together these characteristics determine the damages of climate change impacts for an 
area of research if no adaptation measures would be implemented. To determine potential probability of flooding, heat or 
drought, the Climate Adaptation Atlas portal was used (www.spatialadaptation.com). To determine the effect of an event, the 
CLICO tool pulls together damage functions for various types of flooding, heat stress and drought related damages, from a 
large database of literature on damage costs. For these categories this study calculates the order of magnitude of the damage 
cost increase per object or person for the period 2013-2050 in the Netherlands. 
Results 
The tool has been applied in two regions and three municipalities in the Netherlands and one pilot municipality in Germany. 
Results have been presented and discussed with city representatives. Response has been very positive. After improving the 
tool with the input from the pilot studies, we developed a GIS based tool which can be run for any city at low-cost. The tool 
provides quick insights into potential benefits of adaptation, in terms of avoided damage. Benefits of adaptation consist of 
avoided damages and co-benefits. Co-benefits are being derived from ecosystem services and possible reductions in 
management costs. Currently, research is ongoing to add co-benefit aspects to the tool. 
 
Direct and indirect effects of climate change on public budgets: A CGE analysis for Austria 
 Bednar-Friedl, Bachner, Nabernegg, Steininger 
University of Graz, GRAZ, Austria 
 
 
In alpine regions like Austria, future climate change may have significant consequences for climate sensitive sectors like 
agriculture, forestry, energy and tourism. While these sectors are affected directly by climatic changes, also other sectors are 
affected because of backward and forward linkages. Consequently, public budgets are influenced by two channels: higher 
expenditures on disaster relief and reconstruction of destructed public infrastructure, and a reduced tax base due to lower 
economic activity and employment. In times of public austerity, climate change can thus challenge public budgets. 
We analyze the macroeconomic and fiscal consequences of climate change in Austria in the 2050s by considering impacts in 
ten fields: agriculture, forestry, water, buildings, electricity, transport, manufacturing and trade, tourism, catastrophe 
management, and cities and urban green. Based on detailed sectoral costing for these fields, a computable general equilibrium 
(CGE) model is used to assess the macroeconomic and fiscal consequences. Regarding public budgets, we distinguish for the 
key categories of public revenues and expenditures. In the base run, we assume that public deficits are not allowed to increase 
and hence expenditures have to adjust accordingly. In an alternative run, public budgets are assumed to respond more flexible. 
For the base run with fixed expenditures, the strongest macroeconomic effects are triggered by impacts arising in agriculture, 
forestry, tourism, energy, and buildings. All impact chains lead to significantly positive output effects for the construction 
sector and negative ones for service sectors (due to higher expenditures on disaster relief), the energy sector and 
accommodation (due to impacts on tourism). As the overall macroeconomic effect is negative, this also leads to reduced 
revenues from lower labour, production, and value added tax. Lower annual revenues necessitate a reduction in annual 
expenditures as well as a redirection to finance disaster relief and investment in public infrastructure. Hence, to balance 
expenditures and revenues, transfers to private households need to be cut. 
When instead government expenditure is assumed to respond flexible, the negative effects on GDP are stronger. The 
government is confronted with less revenue and is therefore forced to cut public consumption expenditures. As the typical 
government consumption goods and services are characterized by a relatively high labour intensity, the cut in government 
consumption leads to lower labour tax income which feeds back to lower government consumption. 
 
 
Nearly zero energy in existing built environments. Socio-economical evaluation of possible retrofitting strategies  
 Ferrante, Cattani, Fotopoulou 
DA UNIBO, BOLOGNA, Italy 
 
 
The paper aims at presenting alternative ways of investigating, planning and managing sustainable urban environments, by 
exploring the possibility to use energy retrofitting options as a socio-economical leverage towards nearly Zero Energy Buildings 
(nZEBs). In particular, by using selected case studies in different geographical locations of the EU, the research work has 



performed technical-economical evaluation on different hypothetical scenarios, demonstrating that energy efficiency in 
residential urban complex can be considered as an extraordinary opportunity to restore environmental, social and urban 
quality.  
The techno-economical feasibility assessment, the proper identification of the types of intervention and their combination in 
possible scenarios have been investigated and estimated on a case-by-case basis, with an effective and interdisciplinary design 
approach integrating in a whole system the socio-technical aspects into the feasibility study of economical and architectural 
issues. In this context, architects, urban planners and engineers should consider the users' perspective and their need as self-
organised processes of negotiation. This strategy can help in engaging a real shift from the current practice towards a social 
sustainable process where inhabitants and designers work together to find effective and real solutions to social and technical 
questions. 
Notwithstanding the case-based approach, there are many re-curring aspects and similarities which can be cathegorized and 
classified in oreder to provide a helpful framework for the energy rehabilitation processes of existing building stock and urban 
environment as well.  
The urban and technological strategies have been cathegorized to meet a multi-fold approach that could stimulate the process 
of energy renewal according to a socio-oriented use of architectural tools in urban environments. 
 
 
Soil Moisture as an Estimator for Crop Yield in Germany 
 Peichl, Meyer, Thober, Samaniego 
Helmholtz-Centre for Environmental Research, LEIPZIG, Germany 
 
 
Annual crop yield depends on various factors such as soil properties, management decisions, and meteorological conditions. 
Unfavorable weather conditions, e.g. droughts, have the potential to drastically diminish crop yield in rain-fed agriculture. For 
example, the drought in 2003 caused direct losses of 1.5 billion EUR only in Germany. Predicting crop yields allows to mitigate 
negative effects of weather extremes which are assumed to occur more often in the future due to climate change. Identifying 
the predictors of crop yield on national scale is the basis to be able to evaluate adaptation measures and benefits in terms of 
reduced losses. 
A standard approach in economics is to predict the impact of climate change on agriculture as a function of temperature and 
precipitation. This approach has been developed further using concepts like growing degree days. Other econometric models 
use nonlinear functions of heat or vapor pressure deficit. However, none of these approaches uses soil moisture to predict 
crop yield. We hypothesize that soil moisture is a better indicator to explain stress on plant growth than estimations based on 
precipitation and temperature. This is the case because the latter variables do not explicitly account for the available water 
content in the root zone, which is the primary source of water supply for plant growth. 
In this study, a reduced form panel approach is applied to estimate a multivariate econometric production function for the 
years 1999 to 2010. Annual crop yield data of various crops on the administrative district level serve as depending variables. 
The explanatory variable of major interest is the Soil Moisture Index (SMI), which quantifies anomalies in root zone soil 
moisture. The SMI is computed by the mesoscale Hydrological Model (mHM, www.ufz.de/mhm). The index represents the 
monthly soil water quantile at a 4x4 km

2
 grid resolution covering entire Germany. A reduced model approach is suitable 

because the SMI is the result of a stochastic weather process and therefore can be considered exogenous. For the ease of 
interpretation a linear functionality is preferred. Meteorological, phenological, geological, agronomic, and socio-economic 
variables are also considered to extend the model in order to reveal the proper causal relation. First results show that dry as 
well as wet extremes of SMI have a negative impact on crop yield for winter wheat. This indicates that soil moisture has at 
least a limiting affect on crop production at the regional scale. 
 
 
The economic impacts of climate change on critical infrastructure in Europe 
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In the FP7 project ToPDAd[1] both slowly emerging climate change effects and climate change reinforced extreme events are 
assessed regarding their impact on critical infrastructure and economic consequences thereof. The assessment covers ski 
tourism, beach tourism, urban passenger transport, multi-country energy supply, mega city functionality, national power 
supply, national biomass supply, and Arctic shipping. It was examined how adaptation can reduce the negative impacts and 
help to reap positive opportunities (Perrels et al 2015). This is applied to three combinations of climate change scenarios 
(RCPs) and socio-economic scenarios (SSPs), exploiting the new suite of scenarios developed for the climate change research 
community (Van Vuuren et al 2014). Both relative near term explorations (2030~2050) and longer term explorations (up to 
2100) are made. 
A novel feature of the analysis is the differentiation in the degree of adaptation, and the attention for the role of automatic 



adaptation. By decomposing adaptation steps in none, automatic, enhanced automatic and planned adaptation a more refined 
understanding arises regarding the effectiveness of adaptation and the means by which it can be promoted. It is illustrated 
that identification of automatic adaptation is not trivial, whereas designation as either planned or automatic adaptation can be 
arbitrary. Furthermore, adaptation can occur both at the supply and at the demand side. The significance of information and 
innovation in adaptation is discussed and policy recommendations are identified. 
references: 
Perrels, A., Crawford-Brown, D., Heyndrickx, C., Bösch, P., Ciari, F., Kortschak, D., Prettenthaler, F., Kiviluoma, J., Ekholm, T., 
Azevedo, M. (2015), Sectoral and cross-cutting multi-sector adaptation strategies for energy, transport and tourism, 
Deliverable 2.4, FP7 ToPDAd project, http://www.topdad.eu/publications. 
D. van Vuuren, E. Kriegler, B. O'Neill, K. Ebi, K. Riahi, T. Carter, J. Edmonds, S. Hallegatte, T. Kram, R. Mathur und H. Winkler 
(2014), A new scenario framework for Climate Change Research - Research Matrix Infrastructure, Climatic Change, Vol. 122, p. 
373-386. 
[1] TOPDAD - Tool Supported Policy Assessment for Regional Adaptation 
 
 
Costs and Benefits of Adaptation Options - How Scale Levels and Normative Assumptions Can Change the Ranking of 
Alternatives 
 Hirschfeld, Pissarskoi, Von Möllendorff 
Institute for Ecological Economy Research (IÖW), BERLIN, Germany 
 
 
Climate change and adaptation policies will have complex and differentiated effects on different geographical regions, 
economic sectors and social groups. Economic modeling has to cope with that complexity by choosing adequate scale levels 
and model designs. The presentation will discuss the results of a research project that integrated economic modeling at the 
national and regional level with an extended cost-benefit-analysis. 
Conventional assessments of costs and benefits of alternative policies often lack a transparent discussion of their normative 
foundations. Therefore we integrate an applied ethics perspective to discuss the question in how far costs and benefit 
assessments can or should be extended in the light of a multitude of normative theories. The conventional measures of gross 
regional product and employment are therefore supplemented by an assessment of the effects on life satisfaction and 
capabilities. This broader perspective shows that normative assumptions are highly relevant for the outcome of economic 
analyses and can easily change the ranking of policy alternatives. These assumptions therefore should be made transparent 
and discussed in the course of the economic research process as well as during the deliberation of scientific results to support 
political decision making processes. 
 

 
 
Do We Need to Adapt to Heat Waves? Ascertaining General Equilibrium Impacts of Heat Waves and Adaptation to them in 
Switzerland 
 Erb 
University of Bern, BERN, Switzerland 
 
 
According to the fifth Assessment Report of the IPCC, the frequency, intensity and duration of extreme heat events will 
increase significantly during the 21st century (IPCC, 2014). As the past severe heat wave of 2003 has demonstrated, 
Switzerland is also vulnerable to heat extremes (Emdat 2014, Grizea et al, 2005). For that reason Switzerland aims to moderate 
future impacts through implementing adaptation measures (BAFU, 2012).For adapting efficiently to future heat waves, one 
has to strive for a balance between costs and benefits. While the costs of any adaptation measure are usually known, residual 
and prevented damages are difficult to measure. This is especially true if a majority of damages consist of non-market-
damages like fatalities. So far, the existing literature predominantly estimates damage in terms of excess mortality (e.g. Grizea 
et al, 2005) or evaluates the number of fatalities with the value of a statistical life (e.g. Alberini/Chiabai 2007). What is missing, 
however, is the evaluation of damages from heat waves from a general equilibrium perspective. Taking general equilibrium 
effects into account is especially important because households are not uniformly hit by heat waves. Their vulnerability and 
adaptation capacity depends on at least three factors: (1) their age (2) their income, and (3) the degree of urbanization of their 
residence region.The aim of my analysis is (1), to estimate non-market-damages from a 2003-like heat wave on the Swiss 
economy by taking general equilibrium effects into account and (2), to compare funding strategies to provide adaptation by 
the government. To that end, a CGE model is developed that combines a stylized fashion description of production, 
governmental and labor-leisure choice with a detailed characterization of heat-wave vulnerability and adaptation capacity of 
households according to the three afore-mentioned characteristics.Using the data of Grizea et al, (2005) on heat wave excess 
mortality, we find that heat extremes such as the 2003 one has considerable impacts on welfare with an overall decrease of 
about 2%. This reduction in welfare is stronger for younger households than for older surviving households. The output of the 
aggregated production sector is reduced by about 0.3%, which is mainly caused by a reduction in labor supply.The provision of 
the public good adaptation has the least distorting impact on regional and overall income distribution and causes the least 
welfare and production loss when it is financed with a consumption tax rather than an increase in labor or capital tax. 
 

 



Cost-benefit analysis in climate change: the use of participatory methodologies 
 ALVES, GPL Penha-Lopes, IC Campos 
FFCUL / CCIAM, LISBOA, Portugal 
 
 
Drawing conclusions from the concrete case study of urban flooding adaptation strategies for the city of Cascais, Portugal, we 
highlight the need and advantages' of complementarity between economic appraisal tools as well as higher levels of public 
engagement and stakeholder involvement in the action research process as well as in the decision-making process. Both 
factors - complementarity and participation - bring transparency, inclusiveness, efficiency, effectiveness and a democratic 
validation and support for the chosen measures, elements which are paramount in taking action for climate change adaptation 
at the local level. From an economic stand-point both factors also bring higher confidence in the assumptions taken, higher 
resolution and accessibility for specific data, clearer precision on which are the relevant impacts and stakeholders changes to 
be measured while making the price shadows more easily visible to the analyst as well as to all other stakeholders. We've also 
concluded that the use of participatory methodologies can lower significantly the costs of adaptation namely regarding green 
and soft measures were active citizenship and the cooperation between sectors can play a role. 
Following the use of participatory Multi-criteria decision Analysis, cost-effectiveness analysis and the development of a hybrid 
methodology - Participatory Cost-benefit Analysis - for the study of several green and grey adaptation measures for flood 
adaptation in Cascais over a period of 18 months, conclusions are taken regarding the use of participatory versus non-
participatory methodologies in mainstreaming climate change adaptation policy and decision-making at the local level, and 
regarding the complementarity between MCDA, PBCA and CEA in lowering costs while increasing support and lowering 
uncertainty. 

 

 
2.4 Adapting to a changing climate: the role for economic analysis in policy 

The Use of Economics in UK Adaptation Policy 
 Fankhauser 
London School of Economics, LONDON, United Kingdom 
 
This presentation would review first hand the UK experience in using economic tools for adaptation planning. The UK has a 
relatively sophisticated institutional framework for adaptation, which mandates (i) regular Climate Change Risk Assessments, 
(ii) a rolling National Adaptation Programme and (iii) independent oversight by a committee of experts (the Adaptation Sub-
Committee, ASC). While the presentation would touch on the role of economics in each of these three elements the main 
focus would be on economic analysis by the ASC. 
Consistent with the adaptation literature, the ASC prioritises adaptation actions in two areas - where they yield immediate 
benefits unrelated to future climate change (e.g., ecosystem protection) and where they prevent the lock-in of highly 
vulnerable development patterns (e.g. building in flood plains). The main challenge in assessing the first category of projects is 
often data availability, while the appraisal techniques are relatively standard. The second category of projects requires more 
resource-intensive techniques capable of dealing with climate uncertainty. In both cases results tend to be site-specific, which 
makes it difficult to draw broader conclusions, as the ASC must, about the UK's overall preparedness to climate risks. The talk 
would provide some concrete examples of how these challenges have been handled in the UK. 
 

 
'Climate Change Sustainable Tourism : an Economic Analysis in Policy' 
 Chair of Indian Ocean Rim 
IORA (University of Mauritius), EBENE, Mauritius 
 
The developing countries are focusing on revitalization of their economies through sustainable development path to boost 
living standards. The global annual average temperature is expected to be 4C above pre-industrial levels by 2100. A 4C warmer 
and world will experience more intense rainfall and more frequent and more intense droughts, floods, heat waves and other 
extreme weather events. It will also alter their production patterns and affect the growth and performance of different sectors 
of the economy including tourism. Tourism contribute to climate Change through CO2, air conditioning , construction, 
transport sector and accommodation sector including mitigation of Green House Gases (GHGs). Tourism is very sensitive to 
climate change and a biggest source of employment generation in the world economy 
The economics of adaptation to Climate Change is a new and challenging area of research. It is closely related to development. 
The main objective of the Paper is to analyse the relationship between climate Change and sustainable Tourism. The process of 
global warming is caused by human activity and tourism greatly affect the climate Change. There will be winners and losers at 
business, destination and national levels - especially small Islands Developing States (SIDs) In the long term tourism may be less 
attractive in some countries; and to sustain tourism , the innovative financial and environment friendly technology oriented 
measures may be needed. The paper aims to arrive at such measures through economic analysis. 
The methodology will be analytic descriptive; but we will be developing a multi regression macro level adaptation model of 



climate Change to analyse the economic aspect of climate Change on tourism. 
The Paper has been divided into five sections. Section I deals with survey of literature on climate Change whereas the 
importance of tourism in terms of key macro economic variables in developing countries has been discussed in Section II. In 
Section III, we discuss the methodology and the model for estimating the impact of Climate Change on tourism. Section IV 
presents the empirical results of the model applied for the analysis. The main conclusions and policy-implications of the study 
are presented in section V. 
 
 
Cost-Benefit Analysis for Political Decisions on Flood Risk Management in The Netherlands 
 Kind 
Deltares, UTRECHT, Netherlands 
 
The Delta Programme 2009-2015 has prepared delta decisions' to safeguard long-term flood protection and fresh water supply 
for the Netherlands. Mid 2014, the Delta Commissioner sent his proposal to Parliament for political decision making. 
Two types of flood risk management decisions were prepared. First, a national proposal for updated flood protection 
standards was formulated. Second, detailed regional adaptation plans were developed with measures needed to comply with 
the standard and to accommodate uncertain future climate change. 
The proposal for protection standards was based on three criteria: equity, social disruption and economic efficiency (i.e. CBA). 
For seventy percent of the flood prone areas, economic efficiency proved to be the overruling criterion. This CBA used a 
dynamic optimization model to minimize the total long run cost of dike reinforcements and remaining flood damages. 
Uncertainty was addressed in a Monte Carlo-analysis. The CBA indicated that it would be efficient to increase flood protection 
along the rivers Rhine and Meuse, and for the city of Almere. This differentiated much from the earlier advice of the (second) 
Delta Commission in 2008 to increase standards tenfold everywhere. Results of the CBA were published and acknowledged 
from 2011 and onwards by three successive Governments as well as by stakeholders, including Water Boards. In 2013 the 
project was recognized internationally when it won the ‘Franz Edelman Award' for outstanding achievements in Operations 
Research in Texas, USA. 
Regional flood risk management plans describe in more detail the proposed measures, partly as alternative for the default 
measure ‘dike reinforcement'. Also here CBA is used for evaluation purposes. For the Rhine Estuary-Drechtsteden region, a 
‘Planning Kit' was developed to evaluate dynamic adaptation strategies in which a mixture of dike reinforcements, room for 
the river measures and storm surge barriers was evaluated with different years for implementation, where all strategies 
needed to comply with the new standards and accommodate uncertain future climate change. This planning kit allows for 
evaluation of alternative adaptation pathways on costs, flood protection benefits and other benefits (e.g., nature). 
We argue that for flood risk management policies, a distinction between (a) a legal protection standard, and (b) a strategy with 
more detailed measures, shows clear advantages, both from an analytical and decision-making point of view. The focus in 
those two can be on different (political often sensitive) issues and on different types of uncertainties, thus simplifying the 
whole process without sacrificing (much) efficiency. 
 
 
Economics of adaptation: experiences within OECD countries 
 Mullan, Lamhauge, Kato 
OECD, PARIS, France 
 
This presentation will summarise the key findings of a forthcoming publication on the Economics of Adaptation, including a 
survey of OECD countries. Recent years have seen significant progress in OECD countries' preparations for the effects of 
climate change. As of 2014, more than three-quarters of them have published, or are currently developing, national strategies 
for climate change adaptation. A common element of these strategies is the emphasis on mainstreaming adaptation into 
government policies, with a focus upon capacity building. In moving from planning to implementation, it will be essential to 
ensure that the right evidence, tools and approaches are in place to make the case for action and identify the most effective 
adaptation pathways. 
Economic analysis has an important role to play in supporting preparations for the longer-term consequences of a changing 
climate. There have been considerable developments in the economics of adaptation, both in terms of data and decision-
making tools. By drawing upon countries' experiences to date, this presentation will examine how effective they have been in 
shaping decision-making and how they could have greater policy impact. It will focus upon the prioritization and appraisal of 
adaptation at the national level, including methodologies and evidence gaps. It will also analyse how economic analysis can be 
used to ensure that adequate finance is available to support implementation of adaptation measures. 
 
Updated Review of the Cost and Benefits of Adaptation: Evidence, Lessons and Policy Insights 
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This paper presents the findings of a major review on the costs and benefits of adaptation, undertaken by the ECONADAPT 
project (funded by the European Union's Seventh Framework Programme). 
While previous reviews have identified a low evidence base in this field, the last few years have seen a growing number of 



national initiatives and risk and sector specific studies. Over 500 relevant studies have been identified. 
The paper presents a review of this evidence base. It starts with a mapping of the studies. This shows the coverage of 
adaptation costs and benefits has increased when compared to previous reviews. However, while there is even more literature 
in sectors that were already comprehensively covered (coasts), and increasing studies in some sectors that were poorly 
covered before (water management, floods and agriculture), there remain major gaps in key areas (ecosystems and 
business/industry). The review has also found most of the evidence base is in the grey literature.  
The paper then analyses the methods used in the studies. This reveals a diversity of approaches, however, from a policy 
perspective, there are two distinct sets and cost/benefit estimates. The first uses scenario-based impact assessment (I-A) and 
focuses on technical adaptation. The second aligns to the recent focus of iterative risk management, focusing on low-regret 
options and decision making under uncertainty. The outputs of these two sets of literature are very different in terms of 
framing, methods, and importantly the types of adaptation options. 
Finally, the paper has reviewed the aggregate costs of adaptation, at both the Member state and sector level. A key finding is 
that different study methods lead to very different costs of adaptation, with policy orientated studies indicating higher 
adaptation costs in the medium- to longer term than I-A studies. This is because of additional factors when moving to 
implementation, i.e. the need to consider multiple risks together, the consideration of uncertainty, existing policy objectives 
and standards, and additional opportunity, transaction and policy costs. Examples are provided. 
The paper concludes there is a need for more empirical evidence at multiple time and spatial scales, and more economic 
analysis of adaptive capacity, non-technical measures (behavioural change or ecosystem-based management), opportunity 
and policy costs, and the limits of adaptation. Further work is also needed to understand transferability of estimates. A key 
priority is to further encourage the sharing of information and good practice. 
 

 
Reviewing the use of non-monetary metrics/weights for use in decision-making of adaptation to climate change projects 
 Lago, J.R. Rouillard, J.T. Troeltzsch 
Ecologic Institute, BERLIN, Germany 
 
To a large extent, the development of parameters appropriate to the economic assessment of climate change has been led to 
date by research undertaken in the climate change mitigation context. Primarily, these discussions have been centered on 
discounting, the role of equity weights, aggregation, and the role of monetary metrics compared with non-monetary 
metrics/weights - see e.g. Stern (2007) and subsequently Nordhaus (2007) and others. However, the appropriateness of 
transferring practices to the adaptation context from other policy areas has not been investigated in detail. Specifically, the 
need for further investigation applies to the role of non-monetary metrics in economic assessment of adaptation. This includes 
communicating the effectiveness of alternative adaptation actions as an input to established decision rules such as Cost-
Effectiveness Analysis (CEA) and Multi-Criteria Analysis (MCA), which is especially relevant for the understanding of co-benefits 
that are difficult to monetize from both a practical and an ethical perspective -such as the conservation of biodiversity, human 
health etc. 
This paper provides a critical review and a synthesis of the available methods and metrics for adaptation CEA and MCA 
assessments. The review outlines the challenges in applying CEA/MCA in sectoral adaptation assessments with a comparison 
with similar approaches outside climate related assessments. This comparison specifically considers different experiences in 
the use of non-monetary metrics in CEA and MCA with a focus on health, ecosystem/habitat conservation and water resource 
management, and also highlights key findings from reviewing the use of these decision-making tools that are relevant for 
climate adaptation assessments. 
The review highlights and explores important aspects to take into account in the application of non-monetary decision-making 
tools relevant for adaptation projects. These include the different climate risks, the lack of common adaptation metrics across 
sectors, the greater focus on non-technical options (including building capacity) and the need to consider uncertainty, as key 
methodological issues, along with baselines, attribution, time-scales, and ancillary effects. Possible ways to address these 
issues are proposed in the paper. Finally, the review outlines further policy lessons with the application of advanced CEA/MCA 
adaptation assessments for each relevant adaptation sector. 
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Making decisions about optimal investments in green infrastructure and adaptation measures necessitates setting an 
appropriate social discount rate. This choice has important ethical implications for intergenerational equity especially when 
evaluating policies involving major environmental issues such as climate change, characterised by a high level of uncertainty in 
the scientific knowledge and long term risks for future generations.  
 
In this study we suggest a practical rule that might help to identify the appropriate discount rate for adaptation projects in 



which one of the options is to maintain or restore undeveloped land which is either in or close to its natural state. The idea 
behind is that a track of land in its undeveloped state should be valued equivalently to another one which has been designated 
for development. This is based on the 'equivalency principle' according to which future generations would at least assign the 
same utility to both types of lands. The rule is illustrated in a number of case studies regarding adaptation measures, and a 
model is built to estimate the discount rate to be applied in different contexts and geographical areas in Europe. The model 
provides a spatial estimate and mapping of the discount rate according to the assumption that the discount rate varies 
according to both geographical and temporal scales. For this purpose an extensive database has been built collecting 
information about prices of developed land and Total Economic Values of undeveloped land at the European scale. Results 
show that the discount rate resulting from the application of the equivalency principle is quite low (around 0% up to a 
maximum of 3%), thus supporting decisions towards the safeguard of the natural environment and the use of soft-type 
adaptation measures.  
 
The results can be used to analyse the implications for adaptation in specific contexts and sectors where decision-makers need 
to make a choice between soft and hard adaptation with different environmental impacts in the long term.  
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This paper discusses the role of equity in the assessment of adaptation to climate change. In doing so, it considers equity in 
relation to the application of economic analytical concepts and metrics, thereby enabling us to explore the extent to which 
they are compatible. Whilst characterisation of the adaptation context parallels the mitigation context in some ways, including 
the relatively long appraisal periods and the broad range of geographical scales at which policies have to be implemented, the 
differences in context that result from its likely multi-sectoral application and a lack of a common metric, suggests that 
adaptation decisions may present unique challenges in the treatment of equity. In order to investigate whether - and to what 
extent - this is the case, this paper reviews national-level evidence that allows the delineation of the role of equity in a range of 
adaptation decision-making processes. 
In the first part of the paper we seek to define terms in order to promote a shared understanding of equity in the adaptation 
context that is currently absent. We re-state the distinction between horizontal and vertical equity (Musgrave, 1959) in the 
adaptation context. Moreover, following the classification made by Paavola and Adger (2002), we make a further delineation 
by distinguishing between retributive, distributive and procedural equity. Whilst these notions are well-established, their 
relative importance is disputed. Subsequent empirical analysis seeks to shed light on this issue. 
In order to illustrate how the challenges of equity analysis are currently met at a national level, the second part of the paper 
presents two country-based case studies of adaptation assessment: from the developing country context (Ethiopia) and from 
Western Europe (UK) which may be seen to constitute best practice in these regions. The Ethiopian case study is based on an 
analysis of the government strategy for a climate-resilient green economy to 2025. The climate resilience strategy (FDRE, 2013) 
focuses on the low per capita income agricultural sector, itself suggesting a distributive aspect to the strategy design. The 
means by which equity is incorporated into adaptation option identification, appraisal and prioritization in this sector are then 
evaluated. In both country examples, whilst the decision-support processes recognise equity as a decision criterion, the final 
weightings that it receives in resource allocation are not yet clear. Ultimately, though, the extent to which equity is considered 
in decision processes may be expected to determine the acceptability and sustainability of the adaptation strategy. 
 
 
Economic analysis and Canada's 'Adaptation Platform': multi-sector and cross-jurisdictional collaboration to generate 
economic knowledge and tools to support adaptation decision-making 
 Rusnak, Atkinson, Xenos 
Natural Resources Canada, OTTAWA, Canada 
 
Across Canada, there is evidence of increasing awareness of the need to adapt to climate change: companies are starting to 
look at how to manage risks and enhance their competitiveness in a changing climate, and governments are determining 
where adaptive action is required and assessing how best to implement it. Knowledge and tools to identify the costs and 
benefits of adaptation actions and trade-offs among multiple policy goals and business decisions are still in their infancy in 
Canada. Economic analysis is needed to help determine policy, courses of action and investment decisions, in both public and 
private sectors. In addition, understanding the economic impacts from a changing climate and the relative costs and benefits 
of adaptation options requires coordination and pooling of resources between multiple organizations at the appropriate scale. 
This paper presents the Economics Working Group of Canada's Adaptation Platform, a mechanism where participants from the 
public and private sectors identify shared priorities and pool expertise and resources to invest in and co-create economic 
knowledge and tools that support adaptation decision-making. The authors will outline the program of work developed by the 
Working Group to address knowledge gaps and adaptation needs. Three areas of work undertaken under Economics Working 
Group will be presented: 1) the identification of climate-related economic impacts and cost-benefit analysis of adaptation 
options for key sectors affected by climate change in different regions of Canada; 2) exploring the role of economic 
instruments in adaptation; and 3) work with the financial sector to develop knowledge and tools to assess climate-related risks 
and to incorporate a climate change lens in professional training, guidance and certification. The Adaptation Platform's 
Economics Working Group is one of the first national efforts in Canada to connect private sector actors such as the Insurance 



Bureau of Canada and the Chartered Professional Accountants of Canada, different levels of government, and research 
organizations to generate economic knowledge and tools needed for adaptation choices. The authors will discuss lessons 
learned from this initiative to spur action on adaptation by generating economic analysis in connection with multi-sector and 
cross-jurisdictional collaboration, such as how to use economic analysis to mobilize existing programs, institutions and 
initiatives in public and private sectors to advance adaptation. 
 
 
Agricultural impact and adaptation through irrigation: a focus on Sub-Saharan African countries. 
 Campagnolo 
Fondazione Eni Enrico Mattei, VENICE, Italy 
 
In Sub-Saharan Africa, crop production embodies high relevance both in economic and social terms, and therefore is source of 
great fragility. Agriculture results highly vulnerable to climate change and other disaster being largely based on rainfed and 
traditional crop growth techniques. The paper analyses the climate-related impacts on Sub-Saharan African agriculture in a 
General Equilibrium framework, proposing a viable adaptation scheme through irrigation. The impact and adaptation 
assessment is eased by the new features of ICES-W model: land heterogeneity differentiating rainfed and irrigated land, and a 
dedicated portion of capital (capital for irrigation) representing the investment needed to extend or boost irrigation practices. 
Two climate scenarios in line with RCP8.5, but differing for the assumptions on CO2 fertilization effect, are analyzed and 
compared with a reference scenario (Shared Socio-Economic Pathway 5 -SSP5) for the period 2010-2030. The two impact 
scenarios are implemented exogenously shocking crop and type-specific land productivity of the reference scenario 
consistently to yield changes stemming from a group of crop models under CanESM GCM. In the ‘non-CO2 fertilization effect' 
scenario, the shock-induced increase (decrease) of land productivity pushes up (down) the production of that sector. These 
production changes go along with alterations of crops' market prices, land demand and rents, other sector production, prices, 
trade and ultimately a change of GDP growth rate (1.6% in 2030 compared to the reference scenario). 
Boosting irrigation practices represent a key strategy to cope with climate change and, at the same time, to favor 
development. The additional irrigation, necessary to compensate the climate change impacts and recover the output of the 
reference scenario, is combined with country-specific costs of irrigation projects from FAO database, and produces an estimate 
of the required investment in irrigation. As well as climate change impacts, the cost of adaptation startegies gives way to 
market and trade adjustments often disregarded in a cost-benefit analysis, but that a CGE framework can well capture. The 
supply of capital-for-irrigation, constant in the reference and impact scenarios, endogenously responds to the sectoral needs in 
our adaptation scenario. An additional flow of capital for irrigation goes from the rest of the economy to the agricultural 
sectors. The proposed assessment highlights the inherent trade-off within adaptation plans: allocating more investments to 
the adaptation sectors reduces the capital stock available to the rest of the economic system, and the effectiveness of the 
policy. 
 
 
Enhancing the absorption of flood risks in real estate markets - evaluating the effectiveness of flood risk maps 
 Perrels, Votsis 
Finnish Meteorological Institute (FMI), HELSINKI, Finland 
 
Flood risk disclosure by means of flood risk maps is a policy instrument that aims to address an information gap in the real 
estate market. Lack of understanding of the level of flood risk exposure may easily translate itself into overpriced flood prone 
real estate objects, and also prevents insurances to effectively address the risk (and reduction options) in their polices. We 
assess the effectiveness of risk disclosure by identifying whether such maps induce a price differential for single family 
dwellings near waterfronts in three Finnish cities for various flooding probabilities (return times). While accounting for many 
other factors the estimations indicate a significant price drop of the concerned objects attributable to the information 
disclosure. 
The evaluated policy instrument appears to have functioned as intended, correcting information gaps and asymmetries related 
to flood risk. It did so even fairly accurately, meaning that for a significant part of the inferred spatial variation in flood risks the 
real estate price discount quite accurately the expected value of losses. 
The identified effect is spatially selective and corrective, meaning that well comparable objects not prone to floods 
experienced some degree of price rise owing to a shift in demand to less flood prone but otherwise comparable locations. The 
reasonable accuracy with which the real estate market processes the additional information hints at the potential for wider 
use of disclosure of non-obvious risks in real estate markets. In the case of adapting to climate change risks additional 
uncertainties may make the disclosure instrument less effective, when used as single instrument. Similarly, gradually accruing 
increments in flood risk are not automatically absorbed by the flood risk map based disclosure. It would need clear 
communication in the maps on how the severity and/or frequency of the floods is changing. 
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Uganda finds itself increasingly at the mercy of climate and weather extremes. The most common of these being droughts and 
floods. This paper assesses the economic value of climate change impacts on the country, helping the Ugandan government on 
the first steps to attracting international adaptation funding and investing systematically in adaptation measures. 
Key impacts on water, agriculture, energy and infrastructure are identified. Climate and socioeconomic change will lead to 
deficits in water supply. Without adaptation, a conservative estimate puts losses by 2050 at US$5.5 billion and could be as high 
as US$50.3 billion if income elasticity is taken into account. 
Most food crops analysed show reductions in total production to 2050 under almost all climate scenarios, e.g., yields of staple 
crops such as sweet potato and cassava could reduce by 40% by mid-century. Climate change is expected to have a significant 
impact on Uganda's principal export crops, tea and coffee, which in 2013 accounted for 21% of Uganda's exports; the climate 
envelope for these crops is projected to shift which could lead to significant reductions in yields by 2050. 
the energy sector, most energy is currently provided by biomass in unsustainable ways, through deforestation (the 
deforestation rate is 1.8% per year). Without action, there will be a significant deficit of biomass over period 2025 to 2050 due 
to surplus demand - not to mention that climate change itself will reduce the availability of biomass.These losses, together 
with reduced water available for hydropower, mean that Uganda must transition rapidly to obtain more power from low-
carbon forms of energy, including renewable electrical power. 
For the period 2045-2050 total adaptation costs for infrastructure are as high as US$638-1,157 million. New construction 
accounts for around 37% percent of total costs; the rest is additional maintenance. Significant impacts are also identified in 
terms of potential extreme events using historic analogues. 
Strong rates of return on adaptation activities mean that these offer very ‘bankable' investments, The study finds that even If 
the programmes can reduce damages by as little as 7% then the rate of return can be 10% or higher making them bankable 
projects. 
 
 
COBAYE AS A COLLABORATIVE DECISION-MAKING TOOL FOR INTERDEPENDENT AND UNCERTAIN ISSUES: ADAPTATION TO 
CLIMATE CHANGE 
 PROAG 
ENSTA PARISTECH, PALAISEAU CEDEX, France 
 
Adaptation to climate change has been on top of the scientists' agenda for the past couple of decades, but collective and 
collaborative policies haven't yet lived to the expectations and the GIEC still delivers pessimistic outcomes if no action is taken. 
One of the reason for which policy measures are not always implemented is the way costs and benefits are taken into account 
in traditional decision-support tools such as cost-benefit analysis (CBA): in particular, the use of discounting rates for monetary 
results artificially reduces the value of long-term benefits in relation to short-term costs. 
In this paper, we propose a decision-support tool adapted to situations with interdependencies and uncertainty, such as 
adaptation to climate change policies. CoBAYe ('Cost-Benefit AnalYsis under interdependence and uncertainty') is aimed to help 
the public (or private) decision makers who must take a collective decision within a given territory. 
Using CBA as a starting point, the tool overcomes some of its limits and proposes an ex-ante evaluation method for a project 
(public or private), in order to provide more information to the decision maker and thus helping him in his choice to decide on 
a programme for adapting to climate change. 
In this respect, the evaluation method rests on three steps: 
1. Space-time framework. The definition of the space-time framework allows clarifying the consequences of this decision using 
a chart of the associated territory, of its stakeholders and of its interdependences, called the 'topo-economic structure' (TES). 
2. Project Effects. Identification of anticipations, behaviours and actions of the various economic agents of this TES, concerned 
with the decision, and of their propagation at varied territorial and temporal scales, thanks to a typology of direct, indirect and 
induced effects, to which may be added possible 'opportunity benefits'. 
3. Time horizon. For each identified effect, determination of the time horizon beyond which its evaluation becomes too 
unforeseeable, requiring the identification of the types of uncertainty influencing these economic agents (of which the decision 
maker). 
Lastly, to ensure obtaining various and exhaustive information, this evaluation method must preferably be led by means of a 
dialogue process between the decision maker and the economic agents concerned with the decision themselves. Thus, the 
CoBAYe tool is not intended to replace the role of the decision maker, but rather to help him in making his decision in an 
interdependent and uncertain context such as climate change. 
 
 
Economic analysis of adaptive strategies for flood risk management under climate change 
 Van Ierland, T Van der Pol, S Gabbert 
Wageningen University, WAGENINGEN, Netherlands 
 
Climate change requires reconsideration of flood risk management strategies. Cost-benefit analysis (CBA), an economic 
decision-support tool, has been widely applied to assess these strategies. This paper aims to describe and discuss probabilistic 



extensions of CBA to identify welfare maximising flood risk management strategies under climate change. First, uncertainty 
about the changes in return periods of hydro-meteorological extremes is introduced by probability-weighted climate 
scenarios. Second, the analysis is extended by learning about climate change impacts. Learning occurs upon the probabilistic 
arrival of information. We distinguish between learning from scientific progress, from statistical evidence, and from flood 
disasters. These probabilistic extensions can be used to analyse and compare the economic efficiency and flexibility of flood 
risk management strategies under climate change. We offer a critical discussion of the scope of such extensions and options 
for increasing flexibility. We find that uncertainty reduction from scientific progress may reduce initial investments, while other 
types of learning may increase initial investments. This requires analysing effects of different types of learning. We also find 
that probabilistic information about climate change impacts and learning is imprecise. We conclude that risk-based CBA with 
learning improves the flexibility of flood risk management strategies under climate change. However, CBA provides subjective 
estimates of expected outcomes, and reflects different decision-maker preferences than those captured in robustness 
analyses. We therefore advocate robustness analysis in addition to, or combined with, cost-benefit analysis to support local 
investment decisions on flood risk reduction and global strategies on allocation of adaptation funds for flood risk management. 
Keywords: Flood risk management - cost-benefit analysis - climate change - flexibility - learning - robustness 
 

2.5 An integrated perspective on climate change adaptation and mitigation. Insights from 
global economic models 

Sharing of Climate Risks across World Regions 
 Emmerling 
Fondazione Eni Enrico Mattei (FEEM), MILANO, Italy 
 
Uncertainty is prevalent in the context of climate change impacts. Moreover, the distribution across the globe is not uniform. 
We analyze how climate risks could be reduced via an insurance scheme at the global scale across regions and quantify the 
potential welfare gains from such a scheme. Starting from the standard welfare analysis in Integrated Assessment Models 
(IAMs), which assumes no risk sharing across region, we introduce global risk sharing via a market for state-dependent Arrow-
Debreu securities. We show that this allows equalizing relative consumption differences between states of the world across 
regions. We estimate that such risk sharing scheme of climate risks could lead to welfare gains reducing the global costs of 
climate change by up to one third, while the amount of transfers required is substantial. This provides arguments for 
considering risk sharing in IAMs, but also for potentially welfare increasing negotiations about sharing risks of climate change 
at the global level. 
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This paper develops a methodology that uses the concept of a risk premium to account for risk aversion to climate change 
damages in the affected population. The premium is derived from the notion of risk aversion in the framework of expected 
utility theory, namely the amount that society would be willing to pay in order to reduce the riskiness of future damages. We 
estimate the risk premium for plausible average damage functions that are currently being used in Integrated Assessment 
Models to calculate the optimal levels of mitigation and adaptation. The new functions are referred to as risk-adjusted damage 
functions and they have higher damages than the expected values used previously. We have calibrated three sets of risk-
adjusted regional damage functions for three different level of risk aversion, low, medium and high. With low and medium 
coefficients of relative risk aversion equal to 1 and 1.5 the additional damage component is quite small. The damage addition 
due to risk aversion is highly nonlinear and it increases significantly when the coefficient rises to 2. It is also interesting to note 
that the risk premium varies from region to region, implying that the degree of the adaptation response will be region-specific. 
The new functions are used to estimate what they imply for optimal adaptation and mitigation with different versions of the 
AD-Witch model. The results show that the percentage increase in allocation to adaptation is around 10-20 percent for values 
of the coefficient of risk aversion of 1 and 1.5, but rises to as much as 80-200 percent for a value of the coefficient of 2. The 
impacts of including risk in damage estimation on mitigation are interesting and somewhat different. In the cooperative 
solution mitigation is increased 5-10 percent with the higher damages for low values of risk aversion and by 10-20 percent for 
higher values. Finally as far as the growth scenarios are concerned there appears to be little difference in terms of the impact 
that taking account of risk has on the calculations. 
Further work is continuing to see the effects of the new damage functions at the regional level. 
 
 
Effort sharing taking into account adaptation costs and climate change damage 
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The ongoing discussion about the feasibility of maintaining global temperatures below 2C encompasses not only the costs and 
benefits of achieving the target, but also the difficulty of reconciling regional efforts with the inequity of climate change 
impacts. If mitigation and adaptation actions, as well as residual damage from climate change, will be distributed diversely 
across the world, can we devise a policy which aligns different country and regional views and incentives? In most of the 
scientific literature, equity issues related to mitigation, adaptation, and impacts have been disconnected. Most studies on 
effort sharing have focused on fair distributions of mitigation costs without considering adaptation costs and residual damage. 
Our study aims to fill this gap by investigating which mitigation targets in 2030 and 2050 lead to equalizing the sum of 
mitigation costs, adaptation costs, and residual damage as share of GDP across regions. 
We employ two alternative modelling frameworks combined with two sets of regional climate change impact functions. These 
models provide a mapping of the residual climate change damages of 2C and of the resulting adaptation costs, and allow 
exploring how emission rights should be allocated to equalize the sum of mitigation costs, residual damage, and adaptation 
costs as share of GDP across regions. We show that a 2C world leaves considerable residual impacts and adaptation costs. 
Sharing the burden of the total costs of climate change, including residual damage and adaptation costs, reshuffles the 
emission allocation compared to an effort-sharing regime based on mitigation costs only. The financial implications can be 
significant, with a total of additional resources in the order of 100-200 USD billions in 2030 would need to flow to the high 
impact countries in India, Africa, and Rest of Asia, by means of trading emission rights. Countries with lower-than-average 
impacts, such as OECD countries and China, would buy such rights thereby financing those transfers. 
The above numbers assume a global carbon market being in place from 2020 onwards. Even though such a global carbon 
market with the implied sharing rules is not easy to implement, our paper suggests that accounting for the total costs of 
climate change and including adaptation and damage considerations could achieve an effort distribution being perceived fair 
by a wider group of countries.  
 
 
Catastrophic risk, precautionary abatement, and adaptation transfers  
 Bosello, Dr. De Cian, Ferranna 
CMCC, VENICE, Italy 
 
As emissions and temperature increase, there have been mounting concerns about the potentially adverse impacts triggered 
by the trespassing of thresholds and tipping points, which risk causing irreversible changes in the various components of the 
climate system. The scientific literature has explored the potential for precautionary abatement on a global scale and without 
considering the interactions with adaptation policies to climate change, an issue of growing interest also in the policy arena.. 
This paper contributes to the literature on the interlinkages between adaptation, mitigation, and precautionary abatement by 
developing a modelling framework that integrates mitigation, adaptation, and catastrophic climate change risk into a 
macroeconomic, hybrid IAM. Using this framework we show that the presence of catastrophic risk weakens the incentive to 
free ride and induces substantial mitigation effort even in a non-cooperative setting in which global cooperation on climate 
does not succeed. The policy balance is realigned from adaptation toward more mitigation, and the responsiveness of 
mitigation to changes in adaptation decreases. Compared to a world without climate catastrophes, risk reduces the 
substitutability between adaptation and mitigation because only mitigation can manage the catastrophic probability. 
Nonetheless, the strategic complementarity between mitigation and adaptation does not vanish. Even though adaptation does 
not influence the catastrophic probability, it is still a necessary complement to mitigation in addressing the residual damage 
not accommodated by the decentralized mitigation effort. Similarly, the trade-off between mitigation and adaptation persists: 
when adaptation increases, the need to mitigate the smooth part of climate change damages decreases. Therefore, even 
though greatly reduced, there remains a minimal crowding-out of mitigation by adaptation. These findings suggest that in a 
world characterized by catastrophic risk, mitigation is a key policy variable, as it is the only strategy able to limit the 
catastrophic risk. Mitigation should be justified on the basis of precautionary considerations and only marginally considering its 
capacity to reduce marginally increasing climate change damages. Adaptation should tackle the damage component that weak 
mitigation fails to accommodate because of the free-riding incentives. 
We then investigate whether unilateral or partial commitment to adaptation can be used as a leverage to increase abatement 
effort in third countries and found that adaptation transfers and strategic commitments to adaptation appear to be quite weak 
leverages for buying emission reduction in non-OECD countries, though adaptation transfers remain an important instrument 
for addressing the adverse distributional implications of climate change impacts. 
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We highlight that uncertainty about climate damages and the fact that damageswill be distributed heterogeneously across the 
global population can jointly be an argumentfor substantially stricter climate policy even if uncertainty and heterogeneity in 
isolation arenot. The reason is that a given climate risk borne by fewer people implies greater welfarelosses. However, these 
losses turn out to be significant only if society is both risk and inequalityaverse and if climate damages are highly 
heterogeneous. We discuss how insurance andself-insurance of climate risk could theoretically mitigate this joint effect of 
uncertainty andheterogeneity and thus admit weaker climate policy. Insurance provides more efficient risksharing and self-
insurance allows strongly impacted individuals to compensate damages byincreasing savings.We first use a simple analytical 



model to introduce the different conceptsand then provide more realistic results from the integrated assessment model DICE. 
This work has been published as 'Matthias G. W. Schmidt  Hermann Held Elmar Kriegler  Alexander Lorenz', Environ Resource 
Econ (2013) 54:79-99,DOI 10.1007/s10640-012-9582-2 
 
 
Integrated impact assessment of climate change and alternative adaptation measures 
 Ahlert, Mr Meyer 
Institute of Economic Structures Research (GWS), OSNABRÜCK, Germany 
 
The ToPDAd project mounts a beyond the state of the art model-based assessment framework for coherent analyses of the 
adaptation challenges generated by long run climate change trends. A unique feature of the combined multi-model analysis is 
given by the fact that consistent projections of regional as well as sectoral adaptation challenges are derived from preselected 
representative concentration pathway (RCP) and shared socioeconomic pathway (SSP) combinations. Within the ToPDAd 
project the combinations RCP2.6 - SSP1, RCP4.5 - SSP4 and RCP8.5 - SSP5 have been implemented. The datasets are merged 
within an interrelated modelling framework and disaggregated to regional or, respectively, sectorial levels. 
The proposed study will explain the role of the global economic-environmental impact assessment model GINFORS3 (together 
with the computable general equilibrium model GRACE) within this model-based climate adaptation framework. In a first 
implementation round the model is applied for mapping RCP-consistent global economic projections which are derived from 
the selected SSP pathways in an integrated approach. Besides that in s second implemetation round the global model is used 
for analysing the potential socio-economic feedbacks of sectorspecific climate adaptation measures. The latter will be 
exemplarily investigtated for the energy sector. In general GINFORS3 facilitates an analysis of medium term (up to the year 
2050) developments for, i.a., 35 industries in 38 national economies and a Rest of World region. Furthermore, based on an 
explicit mapping of the demand developments for 28 energy carriers, it is able to illustrate global emissions pathways. The 
information content of GINFORS3 simulations therefore exceeds the information content of state of the art SSP-modelling 
practice considerably. 
From a methodological viewpoint GINFORS might be characterized as a dynamic Input-Output simulation model which is based 
on a comprehensive MRIO database. As a global input-output simulation model, aims and scope of the GINFORS model are 
generally closely related to GTAP applications. However, whereas the later follows a standard Computable General Equilibrium 
(CGE) approach, GINFORS does not rely on long run equilibria of competitive markets or Say's law for a macroeconomic 
closure. Moreover, GINFORS assumes that agents have to make their decisions under conditions of bounded rationality on 
imperfect markets. Practically this means that the theory behind the model is thoroughly evaluated as only those hypotheses 
which passed statistical testing procedures enter the system. Accordingly, GINFORS is often also classified as an econometric 
model.  

2.6 Economic Costs and Benefits of Climate Adaptation in Cities 

Analyzing the preferences for flood risk reduction  
 Spegel 
Luleå University of Technology, LULEÅ, Sweden 
 
Elin SpegelLule University of Technology971 87 Lule Sweden 
Due to climate change Sweden, as well as other European countries, will face increasing flood risks in the future. As a 
consequence there is an increasing need to further invest in flood risk reducing measures. In order for policy makers to make 
efficient decisions and understand how to prioritize amongst negative effects of floods, knowledge about the general publics' 
preferences for flood risk reduction is needed. This paper addresses this issue by conducting a choice experiment which elicits 
the publics' preferences for reducing the negative effects of floods in relation to water quality, damaged property, and traffic 
disturbances, in the Gothenburg region. The impacts mentioned here constitute the attributes in the choice experiment, 
together with a cost attribute. The aim of this paper is thus to estimate the marginal willingness to pay to reduce flood risk. In 
addition, the choice experiment approach provides information about the relative importance of each of the above mentioned 
negative effects of floods. The paper further investigates whether socioeconomic factors, personality traits, risk attitudes, and 
attitudes towards climate change can explain differences in individual preferences and valuations of flood risk reduction. Data 
has been collected through a web panel survey consisting of three parts. The first part includes questions about the 
respondents knowledge and experience of floods, and attitude towards flood risk. The second part contains the choice 
experiment and the third part consists of questions regarding the respondents socioeconomic status, personality, and risk 
attitude. In the analysis a multinomial logit model, a random parameter logit model and a latent class model is used. Results 
show the marginal willingness to pay to reduce flood risk and the relative importance of reducing negative effects of floods in 
relation to water quality, damage property, and traffic disturbances. For instance, if the marginal willingness to pay for 
reducing the negative effects of floods in relation to traffic disturbance is higher than the valuation of water quality and 
damage property, policy makers should focus on taking measures against this particular flood risk. By estimating the relative 
importance of reducing negative effects of floods on water quality, damage property, and traffic disturbances, the study 
contribute with information that make it possible for policy makers to make efficient prioritizations.The analysis also reveals 
socioeconomic and attitudinal factors that help explain some of the heterogeneity in respondents' preferences and valuation 
of flood risk reduction. 
 



 
Urban ecosystem services from green roofs: costs, benefits and uncertainties at the city scale 
 Foudi, Neumann, Chiabai 
Basque Centre for Climate Change BC3, BILBAO, Spain 
 
In urban areas green infrastructures provide provisioning, regulating, habitat, cultural and amenities services. These ecosystem 
services have the potential to mitigate climate change impacts by reducing the urban heat island effect. In this study we review 
these functions specifically for green roofs, estimate their tangible benefits and compare them with the costs of 
implementation for the city of Madrid, Spain. The study aims to test whether green roofs can be an effective adaptation 
strategy for a city. For this purpose, we use two climate scenarios (RCP 4.5 and RCP 8.5) coupled to two socio-economic 
scenarios (SSP2 and SSP5). Using climate projections with yearly resolution enables us to account for non-linearity in the flow 
of services: some benefits do not occur until a climatic threshold is exceeded. 
We calculate a benefit-cost ratio at the scale of the city focusing primarily on the following services with tangible economic 
values: energy savings associated with a reduction of air conditioning, reduction of wastewater treatment costs due to water 
retention and CO2 emissions regulation. The results show that the tangible benefits derived from these services are much 
smaller than the costs. The benefit-cost ratio of the discounted values is less than one for all combinations of climatic and 
socio-economic scenarios and all ranges of parameters. The preliminary conclusion would therefore be that the economic 
tangible services are not high enough to justify the implementation of green roofs for a city with a Mediterranean climate with 
continental influences like Madrid. 
However, many challenges remain for a comprehensive assessment of the benefits and costs obtained from green roofs. Some 
challenges are related to epistemic uncertainty of certain functions such as the potential for reducing the urban heat island 
effect. Others are related to the inclusion of intangible services and the monetary valuation of health related human well-
being, habitat for biodiversity, cultural or amenities services. 
 
 
How best to adapt? CBA of three adaptation approaches to flood risk management for the city of Leeds, UK 
 Rendon 
University of Leeds/ BASE project, LEEDS, United Kingdom 
 
More than half of the world population lives in cities, in the UK, for example, 82% of the population was urban by 2013. Cities 
concentrate valuable and numerous infrastructure and sectors of the national economies. Cities are particularly vulnerable to 
climate change which will lead to higher damage costs in the future. There is thus a need to develop and invest in adaptation 
measures for cities to reduce the impact of flooding and other extreme weather events. Recent flood episodes present a 
significant and growing challenge to the UK and the estimated cost of urban flood damage is 270 million a year for England and 
Wales. 
This study aims to carry out cost-benefit analysis (CBA) of different adaptation measures for flood risk management in cities 
under different scenarios, focusing on the city of Leeds as a case study. Leeds was chosen as a case study due to it being one of 
the most flood vulnerable cities in the UK with over 4,500 properties currently vulnerable to flooding and approximately 450 
million of direct damage that would be caused by a major flood from the River Aire. Leeds is also the second largest 
Metropolitan District in England with a projected population of 770,000 for 2014. So far the city council has mainly focused its 
flood risk management efforts on hard infrastructure solutions for the city centre. However, the wider Leeds district is at 
significant flood risk which could benefit from greener adaptation measures. 
This study presents preliminary estimates of three different adaptation approaches for flood risk management in Leeds. The 
three adaptation measures include: 1) hard infrastructure, 2) green infrastructure and 3) land use management (i.e. Payment 
for Ecosystem Services) across different flood probabilities. The hard infrastructure estimate is based on compiling and 
updating existing (but disparate) costings carried out by Leeds City Council and the Environment Agency for the city centre and 
flood-prone suburbs. The green infrastructure estimate and the land use management estimate are both based on generating 
our own costings utilising primary and secondary data. This research contributes findings on the costs of different adaptation 
measures to flood risk management in a UK city, including the trade-offs of utilising each measure (e.g. short-term vs long-
term impact). Results also explore the potential implementation of the adaptation measures in the case study and the 
challenges of data collection and analysis for adaptation in flood risk management. 
 
 
Climate change, heat stress and labour productivity: a framework for assessing adaptation costs in the city economy 
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Cities represent concentrations of people, assets and productive activities, and as a consequence, the socio-economic costs of 
natural disasters and extreme weather events in urban areas can be high. Cities are particularly vulnerable to heat waves. They 
act as urban heat islands, retaining high temperatures for longer periods than surrounding areas. Furthermore, climate change 
is predicted to increase the frequency of extreme heat events in cities. This in turn is likely to have significant impacts on 
labour productivity, public health and the operational capacity of infrastructure. 
We develop a framework to assess the impact of heat waves on economic production in cities under a range of climate change 
scenarios. The framework assesses the production losses across sectors of the city economy as a result of reduced labour 



productivity. 
First, we estimate productivity loss functions for individual workers at different levels of heat stress. Individual productivity loss 
is defined in terms of ISO standards for recommended hourly work rates at different levels of Wet Bulb Globe Temperature. 
Loss functions are estimated for workers in different sectors of the metropolitan economy. 
Second, we define constant elasticity of substitution (CES) production functions for each sector that specifically encompass the 
productivity loss functions. The production functions are calibrated with economic data and aggregated at the city level 
according to specific weights given to each sector. This approach allows us to assess various characteristics of urban 
production, including the flexibility of the productive system in terms of the degree of substitutability between labour and 
capital, its labour intensity, and the relative importance of different sectors in the economy. 
Finally, we use the UrbClim model to project city level temperatures for the periods 2026-2045 and 2081-2100, in order to 
compute an estimate of future production costs in three case study cities: London, Antwerp and Bilbao. UrbClim is an urban 
scale climate model that accounts for climate change when forced with outputs from Global Climate Models. We interpret our 
results in terms of total costs to the city, vulnerability analysis, and the effectiveness of different adaptation measures. 
Our framework not only provides estimates of production costs from increasing temperatures, but also highlights the 
vulnerability of different economic sectors and the key mechanisms affecting production losses. This is important for 
identifying the most effective climate change adaptation strategies or economic recovery plans. Finally, the framework is 
relatively transferable to different urban contexts with minimal requirement of economic data. 
 
Estimating cost/effectiveness curves of urban adaptation measures in Ho Chi Minh City, Vietnam 
 Grafakos, Gianoli 
IHS, Erasmus University Rotterdam, ROTTERDAM, Netherlands 
 
Representing one of the most dynamic examples of rapid urban development of the last 20 years, Ho Chi Minh City in southern 
Vietnam provides an example of an emerging coastal megacity exhibiting increasing exposure levels to climate risks. Together 
with its large population, its economic assets and the dominant role it plays in the national economy, the city is considered a 
hotspot of vulnerability to the impacts of climate change, with the city being particularly at risk from rises in sea-level. In recent 
decades urban flooding in HCMC has become one of the most pressing issues for local decision makers. Against this 
background, the paper describes a framework to guide decision makers at the urban level in the decision making process 

regarding which adaptation measures to implement. The framework aims to quantify a location's ‘total climate risk'. Included 
in this quantification is an assessment of the expected annual loss to the location's economy from existing climate patterns; a 
projection of the extent to which future economic growth will put greater value at risk; and finally, an assessment of the 
incremental loss that could occur over a twenty-year period under a range of climate change scenarios based on the latest 
scientific knowledge. Furthermore, the framework includes a cost-benefit approach developed ad-hoc to evaluate a selection 
of feasible and applicable measures to adapt to the expected risk. This results in the estimation of cost/effectiveness curves for 
a range of urban adaptation measures. After having described the methodological framework in detail, the paper will analyze 
its concrete application to Ho Chi Minh City by using primary and secondary data. 
 
 
Co-benefits of green adaptation strategies to reduce climate impacts: the Madrid case study 
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Greening cities has been proposed as a no regret adaptation measure to reduce climate change impacts in many regions with 
different climatic conditions. Green areas can moderate the urban heat island effect, which already affects cities; therefore 
they not only have the capacity to adapt cities to the negative impacts of climate change but also can improve present living 
conditions. Green areas also contribute to reduce inequity improving environmental conditions for those homes that don't 
have the resources to do private adaptation. While cities'opportunities to acquire spaces for new green areas in central 
districts are limited there is a great field of opportunity on the roofs of new and existing buildings that has not been fully 
developed yet because of its initial cost, the difficulties in evaluating and attributing the benefits. Some of the benefits can be 
attributed to the owners/occupants -as the energy savings and the extended lifespan of the waterproofing membrane- while 
others will accrue to the community, like the carbon sequestration or the improvement in the air quality; some benefitsare 
directly measurable,like the incidence on the sewage system, and others are difficult to estimate like the heat wave stress 
reduction on the population.This presentation summarizes the study developed by the BASE consortium on the Madrid region 
and gives a framework for better understanding cross-sectoral cost, benefits and opportunities of this adaptation strategy. 
 
 
Assessing surface water flood risk and adaptation options in London: An agent based model approach 
 Jenkins 
ECI, University of Oxford, OXFORD, United Kingdom 
 
Flooding is recognised as one of the most common and costliest natural disasters in England. In London surface water flooding 
is considered to be the most likely cause of flood events, and probably the greatest short-term climate risk. More than 800,000 
properties are estimated to be at risk, and while most drainage systems are designed to cope with a 1/30 year storm event, 
maintenance is often poor and so parts of the network can perform below these standards. 



As part of the ENHANCE (Enhancing Risk Management Partnerships for Catastrophic Natural Disasters in Europe) project an 
Agent Based Model (ABM) is being developed for Greater London to model the economic impacts of surface water flooding, 
and costs and benefits of adaptation options. ABMs are useful as they provide a bottom-up approach for understanding 
systems and their behaviour, and are advantageous for visualising the effects of changing behaviours. The ABM has been 
developed such that it can demonstrate the effect of flood risk and insurance on household wealth and the potential for 
spatial shifts in inequality as a consequence of flood damage and insurance (un)availability; focus on the partnership between 
government and the insurance industry, including Flood Re; and assess the role of flood defences and property level protection 
measures for risk reduction. The model is parameterised based on large array of data sources to capture specific characteristics 
of the UK and London, and developed around GIS data to allow a realistic representation of residential buildings and surface 
water flood risk. 
The ABM characterises five different agents (property owners, insurers, developers, government, and bank agents) who 
interact within the environment. The properties and processes of these agents giving rise to the aggregated results. 
Subsequently, the ABM can be applied to multiple questions. For example, the effects of incentives to install flood resistance 
and/or resilience measures; how much could private property level protection measures reduce flood risk/economic damage; 
benefits of Sustainable Urban Drainage systems and other adaptation measures; and the role of government in reducing flood 
risk i.e. government agents can refuse, permit or promote development in particular locations. 
The presentation will provide an overview and demonstartion of the ABM, and highlight the potential benfits of the modelling 
aproach for assessing the costs and benefits of flood risk and adaptation options in London. 
 
 
Economic Opportunities to Climate Change Adaptation-Cases of 65 Cities 
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This research investigates the benefits and economic opportunities of city-scale climate change adaptation. A series of 
quantitative and qualitative methods, such as content analysis and regression analysis, are carried out to determine the linkage 
between local adaptation options and economic opportunities perceived by the cities. To analyse the relation between climate 
change adaptation and economic opportunities, Carbon Disclosure Project (CDP) questionnaires responded by 65 cities 
worldwide are coded and analysed. First, we extracted the binary variables which include the economic opportunities 
identified by the cities, adaptation plans, adaptation actions, climate change risks, incentives types and incentive subjects (to 
whom the city governments give incentives to implement climate adaptation measures). Then we carried out a factor analysis 
for adaptation actions and incentive types and subjects separately. By applying logistic regression analysis, we explore the 
variables of climate change risks, adaptation plan, adaptation actions and incentive types and subjects in the cities. The results 
of regression analysis suggest that whether or not a city has climate change adaptation plan contributes to the economic 
opportunities. Furthermore, other variables such as to whom the city governments give incentives and what types of 
adaptation measures also have relevance to the economic opportunities presented in the cases of 65 cities. 
 
 
Multi-City Flood Footprint Assessment 
 MENDOZA TINOCO, GUAN 
UNIVERSITY OF EAST ANGLIA, NORWICH, United Kingdom 
 
The international headlines of the past few years have been dominated by extreme flooding or flood-related events. 
Assessments of the flooding impacts have traditionally focused on the initial impact on people and physical assets at regional 

scale. These initial estimates (so-called ‘direct damage') are useful both in understanding the immediate implications of 
damage, and in marshalling the pools of capital and supplies required for re-building after an event. 
Since different economies as well as societies are highly coupled in the EU, any small-scale damage in one of them may be 
multiplied and cascaded throughout wider economic systems and social networks. The direct and indirect damage is currently 

not evaluated well and could be captured by quantification of what we call the flood footprint. The proposed ‘flood footprint' 
is an entirely new concept and damage accounting framework to measure the exclusive total socioeconomic impact that is 
directly and indirectly caused by a flood event to the flooding region and wider economic systems and social networks. 
Neglecting these knock-on costs (i.e. the true footprint of the flood) means we might be ignoring the economic benefits and 
beneficiaries of flood risk management interventions for the whole EU. 
Adaption to flood risk is not limited to the area which suffers the direct damage. It also extends to entire socioeconomic 
networks and this must be considered in order to minimise the magnitude and probability of cascading damage to the regions 
not flooded. This paper introduces the adaptive multi-regional IO (AMRIO) model as an extension of the single region flood 
footprint model. The AMRIO model provides the ideal methodology for assessing the flood footprint at multi-regional scale. 
The developed methodology would allow us to assess direct economic loss due to flood event, but also the cascading impact to 
national and the EU level. The AMRIO model is able to capture the multi-city flood footprint and the required time for 
recovery, as well as the distribution of damages among industrial sectors, thus determining the most vulnerable along the 
value chain. We apply this methodology to conduct case studies in three EU cities. This research is a part of FP7 project of 
Bottom Up Approaches to Sustainable Europe (BASE). 
 



 
Coastal floods threatening European cities - a large scale damage function assessment 
 Kropp, MB Böttle, LC Costa, SK Kriewald, DR Rybski 
Potsdam Institute for Climate Impact Research, POTSDAM, Germany 
 
The objective of this study is to develop a library of city-based impact functions for the case of coastal flooding and to provide 
estimations for the required efforts to protect the cities against floods of certain height. The work aims at combining the best 
of the two types of approaches, that is, the application of a consistent top-down approach that enables the comparability of 
results, and the use of high resolution data sets and proxies other than population in order to better depict local features and 
assets determining damages. From various freely available data sets we derive 140 macro-scale damage functions. Further 
analyzing the damage functions, we derive an indicator for the vulnerability to coastal floods of the corresponding cities, 
leading to a riskscape across Europe. Furthermore, results from analyzing the protection needs in the urban clusters are 
discussed. The results can serve as input pan-European assessment of coastal flood damages in view of sea level rise and 
protection measures. 

 

3. Adaptation in cities  

3.1 Understanding and supporting adaptation decision-making in Nordic built 
environments: results from NORD-STAR 

The influence of socio-cognitive and cultural factors on adaptation and mitigation decision-making and planning in 
Copenhagen 
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While many Nordic cities have developed ambitious adaptation and mitigation plans, the concrete implementation of these 
has begun to expose planning conflicts. This paper explores whether and how the decision-making and planning processes of 
adaptation and mitigation strategies are influenced by individuals' worldviews and social identities in the City of Copenhagen. 
We hypothesize that social cognition and cultural differences in worldviews influence planners' perceptions, preferences, and 
attitudes on how to develop and implement adaptation and mitigation strategies. Related to this we also identify common 
problems in transformation of policies into practical level actions. We argue that knowledge on socio-cognitive and cultural 
factors has the potential to improve Nordic cities decision-making and planning regarding climate adaptation and mitigation. 
 
 
Understanding Controversies in Urban Climate Change Adaptation: A case study of the role of homeowners in the process of 
climate change adaptation in Copenhagen  
 Baron, Mr. Kjerulf Petersen 
Aarhus University, Department of Environmental Science, ROSKILDE, Denmark 
 
This article explores the controversies that exist in urban climate change adaptation and how these controversies influence the 
role of homeowners in urban adaptation planning. A concrete 'Sustainable Urban Drainages System' (SUDS) project in a 
housing cooperative in Copenhagen has been used as a case study thereby investigating the multiple understandings of urban 
climate change adaptation. Several different perspectives are identified with regard to what are and what will become the 
main climate problems in the urban environment as well as what are considered to be the best responses to these problems. 
Building on the actor-network inspired theory of 'urban green assemblages' we argue that at least three different assemblages 
can be identified in urban climate change adaptation. Each assemblage frames problems and responses differently, and 
thereby assigns different types of roles to homeowners. As climate change is a problem of unknown character and outcome in 
the future, we argue that it can be problematic if one way of framing urban climate change adaptation overrules the others. 
Some understandings of climate problems and adaptation options may become less influential, even though they could 
contribute to creating a more resilient city. Furthermore, the case study from Copenhagen also shows that the influence and 
involvement of homeowners might be reduced if framing of future climate problems becomes too restricted. The result would 
be that the potential benefits of involving urban citizens in defining and responding to problems related to climate change 
would be lost.  
 
 
Participatory mapping of resilience indicators 
 Opach, JKR Rød 
NTNU, TRONDHEIM, Norway 
 



Despite the relatively high capacity of Nordic countries to deal with natural perils, there is a growing risk that anticipated 
climate change effects will become more costly and even more dangerous in the future. As a result, the resilience of Nordic 
communities has currently attracted more attention in public and academic debate. So far research has primarily focused on 
the assessment of hazards and risks and less emphasis has so far been placed on understanding exactly which factors make 
Nordic communities capable to cope, resist and recover after an extreme event. 
Our study adds to the body of research by getting a better insight into the factors that make communities resilient. There are 
two research questions determined in the investigations: How local knowledge on factors making places resilient can be 
collected? And further, whether opinions on these could be used as (geographical) weights when constructing a resilience 
index? In order to address these questions we propose a solution where an interactive geographic visualization tool is used for 
both, collecting and broadcasting local knowledge. Visualization tools make the otherwise abstract notion of climate change 
impact more concrete and often trigger discussions on whether local societies are well prepared for an intensification of 
extreme events. 
We take benefit of these qualities and utilize a web-based visualization tool that provides a spatio-temporal visualization of 
historical insurance compensation due to damages caused by storms, storm surges, floods and landslides. For emergency 
planners and other stakeholders, the visualization tool will facilitate an identification of the most hazard prone areas. Viewing 
compensation data can also trigger a debate on factors making places resilient to extreme events and thus useful to identify 
and measure indicators on community resilience. The visualization tool is therefore also equipped with data collection 
capabilities by which we aim to collect stakeholders' opinions as to what indicators are important for their communities to be 
prepared for an intensification of extreme events in the future. Resilience indicators that are both easy and difficult to map will 
be available from a list, but suggestions for other indicators not listed can also be given. Insight about whether or not we are 
able to measure community resilience, or 'how much' of community resilience we are able to measure, could thus be 
obtained. Based on stakeholders' opinions on the map able resilience indicators, we aim to create a weighted community 
resilience index. 
 
 
VisAdapt: Interactive visualization of climate change risks and adaptation options for Nordic homeowners 
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Homeowners are highlighted as important actors for the implementation of climate change adaptation in society. However, 
the complex and context dependent nature of anticipated impacts and appropriate responses may imply obstacles to 
implementation since location-relevant and comprehensible information to guide individual decision-making often is lacking. 
VisAdapt is a web-based interactive visualization tool designed to increase Nordic homeowner's understanding of climate 
change vulnerability and to support individual adaptation actions by providing practical and geographically relevant 
information. VisAdapt is structured to enable the individual user to explore anticipated future changes in a number of climate 
change parameters (e.g. changes in temperature and precipitation including heavy rainfall and heat waves) for their own 
address, and to find information on relevant adaptation measures specific for their own house type by selecting the material 
and characteristics of their house. To achieve an efficient analysis of this multidimensional data, VisAdapt incorporates 
multiple visualization techniques as well as coordinated and linked views to enable the user to identify interesting patterns for 
the selected location. VisAdapt has been tested in experimental and participatory settings with user groups throughout the 
development process. Several test sessions were conducted with home owners and professional users from the public and the 
insurance sector to address key research challenges such as the assessment, representation and communication of climate 
change impacts and natural hazards, as well as communication of climate change adaptation measures to different audiences. 
The project is part of the Nordic Centre of Excellence for Strategic Adaptation Research (NORD-STAR) and involves 
collaboration with four of the biggest Nordic insurance companies. 
 
 
Steering with soft policy instruments: Is adaptation a private good? 
 Klein, Juhola, Landauer, Haanpää 
Aalto University, ESPOO, Finland 
 
Adaptation in cities is predominantly steered by soft policy instruments. Compared to harder steering such as normative and 
legal instruments this means a shift of responsibilities from public authorities (state, municipality) towards private actors 
(citizens or companies). However, the extent to which responsibilities are shared and distributed, and what types of 
responsibilities are considered, remains often unclear and can lead to hindrances for the implementation of adaptation. 
Soft policy instruments can include voluntary agreements, recommendations, information provision, negotiations, and all sorts 
of partnerships that provide citizens and companies with different levels of influence on and control over climate change 
adaptation. At the same time, these instruments affect the distribution of responsibility across its multiple dimensions. This 
means that problem-ownership, responsibility for implementation and financing of adaptation measures, and the burden for 
remaining risks do not unilaterally lie with either public authorities or private actors. Both the choice of policy instruments as 
well as the distribution of responsibilities are strongly related to the question, whether adaptation is seen as public or a private 
good. 
It is not researched sufficiently how different types of soft policy instruments affect the distribution of these responsibilities for 



adaptation. Based on the analysis of interviews in two Nordic cities (Helsinki and Copenhagen), our findings show that division 
of responsibilities between public authorities and private actors depends on the specific policy instrument and is often 
negotiated on a case by case basis. Hence it appears that adaptation is not exclusively a public or a private endeavour, but 
problem-ownership, implementation, financing and liability are shared to varying degrees between public and private actors. 
This includes the perception of adaptation as public or private good, and ultimately influences the type and success of 
implemented adaptation. 
 
 
An attraction-based cellular automaton model for generating spatio-temporal population maps in urban areas 
 Khakpour, Dr. Rød 
NTNU, TRONDHEIM, Norway 
 
<b>In this paper, a cellular automaton (CA) model is developed to produce spatio-temporal population maps that estimate 
population distributions in an urban area in a random working day. The resulting population maps are at 50 meters and 5 
minutes spatio-temporal resolution, showing clearly how the distribution of population varies throughout a 24-hour period. 
The Maps indicate that, some areas of the city, which are sparsely populated during the nighttime, can be densely populated 
during the day. The developed CA model assumes that the population transition trends follow similar dynamics and 
propagation patterns of a contagious disease. Thus, it is designed to change the states of each grid cell (Stable/Dynamic) 
similarly as state changes of individuals being exposed to an infective disease (Susceptible/Infected). In addition, the modeling 
space is informed by several geographic features, such as the transport routes, land use categories and population attraction 
points. The model is geosimulated for the city of Trondheim in Norway, where the synthetic day population could be validated 
upon an estimated day-population map based on the registered workplace addresses and employee statistics. The generated 
maps can be used to estimate a value for population-at-risk in the wake of major disasters when they occur in an urban area at 
any time of a day. In addition to assessing exposure to hazards, the resulting maps also reveal the movement patterns, 
transition trends, peak hours and activity levels. Possible applications, range from public safety, disaster management, 
transport modeling and urban growth studies to strategic energy distribution planning.</b> 
 
 
Short-run and Long-run Climate Change Impacts on Residential Electricity Consumption 
 Fazeli, Davidsdottir 
University of Iceland, REYKJAVIK, Iceland 
 
Growing incomes, rising populations, and decreasing prices of energy consuming durable goods resulted in increases in the 
aggregate consumption of electricity over the past few decades globally. In addition, climate change is expected to accelerate 
this growth in the absence of significant adaptation actions. The overall effect on residential energy consumption depends on 
the region, as milder winters are projected to decrease the demand for heating fuel (e.g. natural gas, fuel oil), one assumes 
that warmer summers will lead to higher demand for cooling. 
This paper explore the short-run and long-run impacts of climate change on residential electricity demand in the Nordic 
countries. First, we tested different types of functions (linear, quadratic, cubic and exponential) to find the appropriate 
temperature response function for electricity consumption in the residential sector in all Nordic country. The developed 
functions enable us to examine how the damages of climatic change affect households without any adaptation efforts. In the 
long-run, households can adjust purchasing decisions of appliances, change fuel sources, and even building characteristics. 
Raising the air conditioner thermostat in the summer is another behavioral adaptation strategy. In the second part, the 
potential of the adaptation opportunities in response to the long-run impacts of climate change are assessed. Specifically, the 
adoption of air conditioners in response to changes in climate in the Nordic countries is studied. The developed model was 
used to estimate the net impact in terms of primary energy consumption and greenhouse gas emissions in the baseline 
scenario and then recalculate the impacts assuming the implementation of adaptation measures by households in the 
alternative scenarios. It was found that the impacts of adaptation strategies depend on several key factors including household 
income. 
Finally, we recognized the limitation of this study regarding the great uncertainty about assessing the potential of adaptation 
strategies. Therefore, a sensitivity analysis was carried out by varying driving parameters including household income, number 
of households and residential floor area one at a time from the baseline scenario. However, we didn't take into account the 
technological uncertainties, as some technologies that are not economic today may become so in the future. 

3.2 Integrating adaptation and mitigation strategies in urban areas: The UCCRN 
Assessment Report on Climate Change and Cities 

Urban population change and its implications for energy demand and environmental impacts in Chinese cities 
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This paper employs both econometric analysis and coupled modelling approach to analyse the impacts of population growth 



and lifestyle change on energy demand and carbon emissions in urban areas in fast-growing economies such as China. The 
investigation has been carried out based on macro and micro data in terms of energy consumption, economic growth, 
urbanisation, motorisation, lifestyle change and technical change in Chinese cities. Based on the output of demographic 
analysis, we embedded the population change and lifestyle change obtained from econometric analysis in a general 
equilibrium model to explore the role of urban growth and behavioural change in enhancing resources consumption efficiency 
and reducing GHG and the underlying policies. 
The preliminary results show that urban population growth turns out to be a significantly influencing factor shaping the 
behaviour of carbon emissions change in China over the past three decades. More specifically, the extended life expectancy 
coupled with population ageing will would result in higher per capita carbon emission. This illustrates the importance of 
lifestyle changes in carbon emission projection over the course of urbanisation. Energy prices proved to be negatively 
correlated with per capita carbon emissions, confirming the hypothesis of price effect. Also, as expected GDP growth has 
strong impact on CO2 emissions, reflecting both the income effect and the specificity of manufacturing industry's dominance 
in China's economic growth pattern. The empirical test confirms the economic theory of diminishing marginal income effect. 
This is an important result since we found an inverted-U shaped Kuznets effect for income, suggesting China would be able to 
mitigate the carbon emissions and air pollution as the country will become more affluent. Naturally, increasing productivity 
(output produced per unit of energy input) will contribute unambiguously to carbon emission reduction. However, we found 
no evidence of significant impact of food consumption regime change (e.g. we used meat consumption data) on carbon 
emissions, probably due to the statistical incompetence. In the next step, we will investigate how housing demand and 
transport modal shift including private car ownership in urban areas will influence carbon emissions. 
In summary, our results suggest the complex interactions between urbanisation, household structure, lifestyle and 
consumption behaviour change and environmental impacts in terms of carbon emissions. This must be taken into account in 
climate adaptation strategies for the fast developing cities. 
 
 
Carbon and Water Footprints in Latin American Cities: Urban Management Tools For Low-Carbon and Climate-Resilient 
Development 
 Rodríguez 
Servicios Ambientales SA, LA PAZ, Bolivia 
 
Besides being objective and easy-to-understand indicators, the Carbon and Water Footprints can serve as useful tools for 
urban management oriented towards low-carbon and climate-resilient development.  
The Cities Footprint Project (www.citiesfootprint.com), financed by international cooperation, promotes climate-compatible 
development through the assessment of Carbon and Water Footprints of both cities as territories and municipal governments 
as organizations. Based on the assessments, City Action Plans to meet footprint reduction goals, are devised, proposing a 
project portfolio for each of the city's sectors (e.g. transport, residential, commercial, industrial, public, etc.). 
In its first phase (2012-present), the project works in La Paz (Bolivia), Quito (Ecuador) and Lima (Peru). The keys to success, 
lessons learnt, conflicts, synergies and trade-offs derived from the implementation of this project will be presented and 
discussed in this session, among which can be mentioned: the necessity of an inner champion in municipal governments and 
other relevant organizations in order to give proper impulse to a transformation process from within; the importance of 
generating buy-in from various stakeholders by realizing their own agenda through project implementation, and capacity 
building to local government staff, in order to assure sustainability; and the difficulties faced during data collection, along with 
proposals to improve the efficiency of this process. The project's second phase is expected to start during the first quarter or 
2015, with at least 4 more cities.  
The content and structure of City Action Plans will also be presented during the session, as well as those of Road Maps 
currently being prepared, aimed at contributing to the transition from a planning to an implementation phase, for prioritized 
footprint-reduction projects. The necessary institutional architecture, financing sources and mechanisms, and other conditions 
to fulfill the Action Plans will be discussed.  
 
 
Integrating low carbon and climate adaptation benefits in an integrated Sustainability Benefits assessment methodology 
 Grafakos, Gianoli, Sharma, D'Acci 
IHS, Erasmus Rotterdam University, ROTTERDAM, Netherlands 
 
The need of developing an integrated assessment methodology that would capture and quantify multiple urban sustainability, 
low carbon and adaptation benefits in one common framework and would eventually lead to projects with verifiable 
sustainability outcomes is immense but challenging at the same time. Main objective of the paper is to present a 
methodological approach which aims to integrate mitigation and adaptation benefits, derived from the implementation of 
green growth urban projects, into a unified framework of indicators addressing social, environmental and economic 
perspectives. The proposed Sustainability Benefits Assessment (SBA) methodology is a combination of top down and bottom 
up approaches including a GIS-based scenario building. This helps in the process of identification of specific sustainability 
benefits of different types (i.e. social, environmental, and economic) including mitigation and adaptation benefits that can be 
accrued at different levels (i.e. individual, local community, and global community) from various green growth projects. The 
proposed methodology creates map-based scenarios which enables a better identification, a reliable quantification, and an 
overall explanatory visualization of sustainability benefits including mitigation and adaptation benefits. Main methodological 
challenges and issues of integrated sustainability benefits assessment that can capture both mitigation and adaptation benefits 



are identified and discussed. Moreover the developed methodology illustrates how a map based approach can assess not only 
the extent of sustainability benefits accrued (how much is benefitted) but also the distribution of sustainability benefits (who is 
benefitted). The methodology is illustrated by an urban project that is part of the Colombo Green Growth programme in Sri 
Lanka partly supported by The World Bank. A wetland conservation project for enhancing urban resilience of the city has been 
selected to pilot and test the developed methodology. This paper discusses the results from the pilot of the map based 
sustainability benefits assessment methodology in the city of Colombo. Outcomes and lessons learned from the pilot and new 
directions towards the development of integrated sustainability benefits assessment methodologies will be also discussed. 
 
 
Integrating adaptation and mitigation in the housing sector 
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Housing is a key element of urban infrastructure and planning that is considerably impacted by climate related disasters and in 
turn its adequacy influences the degree of vulnerability of people exposed to these hazards. The housing sector is considered a 
quick-win in terms of achieving emission reduction targets, and in recent years the synergies and trade-offs of adaptation and 
mitigation actions have raised to prominence in economic terms and ultimately for enhancing the quality of life both globally 
and locally. The housing sector represents therefore an important component of this debate. 
This presentation will articulate the interrelations between the housing sector in formal & informal settlements and adaptation 
& mitigation strategies. It will highlight the evidence of linkages between housing and climate change mitigation, commonly 
viewed in terms of reducing housing emissions, and will also stress the different trends emerging in low, middle and high-
income economies. As cities continue to grow and more households gain access to electricity for cooking lighting and cooling, 
the impact of household energy sector in developing countries will be relevant to address building related emissions through 
international incentives to curb emissions. At the same time, such increasing global energy demand will determine the need 
for developed countries to identify more restrictive strategies aimed at achieving near-zero standards. 
From the adaptation front, we place particular attention on non-structural and structural measures (e.g. building design, early 
warning systems and land tenure) emerging from the housing sector that in many ways address the vulnerability of both high 
and low-income communities. We will place an emphasis on informal settlements, where approximately one billion people 
live, and show particular challenges in terms of people's and institution's ability to respond to disasters in the housing sector. 
By presenting examples of strategies, options and processes for adaptation and mitigation in different economies, and by 
highlighting the opportunities and barriers in the housing sector, we will reflect on possible co-benefits between adaptation & 
mitigation, towards climate compatible development solutions. 
 
 
SEAP and LAP (Local Adaptation Plan) development Participatory Process: Critical points and Opportunities  
 Pelizzaro 
Climalia, MILANO, Italy 
 
This article focuses on the role of local institutions in mitigation and adaptation to climate change, considering learning 
experiences in promoting public-private partnerships in to resilient actions. It does so under the belief that climate impacts will 
affect disadvantaged social groups and small-communities more disproportionately, and that local institutions centrally 
influence how different social groups gain access to and are able to use assets and resources. Looking at the increasing 
awareness that global temperatures will raise, a mentality 'Climate-smart' must be adopted by all levels of decision-making. 
This approach involves the search for synergies between climate change mitigation and adaptation, wherever is possible. As 
for mitigation, for adaptation we consider similar pre-conditions. Base on this pre-conditions we identify Public Private 
Partnerships as a challenge possibility to finance decentralized renewable energies and green infrastructure for resilient 
communities. The article aims to demonstrate two main unclear topics in existing understanding about institutions and climate 
change responses: the correlation among Public Private Partnerships and participatory process and how it lead to win-win 
climate responses funding, a learning experience from Sustainable Energy Action Plan - Within the MED Programme project 
ZeroCO2 - and Local Adaptation Plan development - within the LIFE+ project BLUE AP. 
 
 
Exploring the interrelationships between adaptation and mitigation strategies in urban areas: The UCCRN Assessment 
Report on Climate Change and Cities 
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The lack of scientific knowledge often constrains cities and urban policy makers when they develop and implement local 
climate change action plans and strategies. The Urban Climate Change Research Network (UCCRN) is a global network of urban 
researchers and experts in the field of climate change that provides scientifically sound decision support to cities to tackle 
climate change and its impacts. The aim of this paper is to present some results from the work of the UCCRN Second 
Assessment Report on Climate Change and Cities (ARC3-2) exploring the interrelationships between adaptation and mitigation 



in cities. Drawing lessons from selected examples, the paper will illustrate the need and importance of building a robust 
climate knowledge base in cities to support them in developing short term climate change actions and long term strategies to 
address both climate adaptation and mitigation while looking at their synergies and trade - offs. The paper applies a multi-
scalar perspective to analyze and discuss the main challenges that cities face when developing climate change actions and 
strategies as they have been identified in selected case studies. These challenges are classified and analyzed according to 
different multilevel scales such as spatial, temporal, institutional and jurisdictional. Specific attention is drawn to the 
immediate short-term costs and 
(co-) benefits that certain actions generate while at the same time addressing long-term climate change adaptation and 
mitigation objectives. The session discusses the experiences of different cities that are developing climate change action plans 
addressing barriers and opportunities of integrating climate change mitigation and adaptation. Based on these experiences the 
paper aims to draw lessons learned and guidelines to support cities in developing integrated climate change strategies with a 
clear focus on the science - urban policy making interface. 
The paper significantly contributes to the understanding of the interface between urban policymakers, practitioners and 
researchers. Furthermore, it emphasizes the importance of building 1. a multi-stakeholder knowledge base and support to 
cities for developing short-term climate change actions and long-term strategies with multiple benefits for the cities' 
inhabitants, and 2. integrated solutions to avoid maladaptation and achieving sustainability goals.  
 
 
Implications of the past experiences for adaptation planning: case studies of flood defences developments 
 Anvarifar, C. Z. Zevenbergen, W. T. Thissen 
TU Delft, DELFT, Netherlands 
 
Coastal and river flooding are amongst the major natural hazards threatening the people and assets in delta areas. The 
conventional method of flood protection in flood prone areas is to develop flood defences. Ensuring proper performance of 
flood defences, in view of the trends in socio-economic and climatic changes, requires continuous reinforcement and 
maintenance of flood defences. The competing land use development plans in the densely populated areas make it difficult to 
reinforce the flood defences. In this regard, multifunctional use of flood defences is a sound approach to enhance the synergy 
between the reinforcement planning and land use development. The use of flood defences for other purposes such as housing 
and roads is as old as the flood defences themselves in the Netherlands. However, they are many situations in which the 
original flood defences has not been intended for performing another function. Rather, they have been evolved to 
multifunctional flood defences over time. This paper aims to study two of such Dutch cases. The focus of the study is to discuss 
the various impacts of multifunctionality on flood protection performance of the flood defence, and to highlight the changes 
that have shaped the future of the area around the original flood defence. The first case study explains a highway that has 
been integrated into the flood defence over time. The second case study describes the development in an embanked 
residential area that has resulted in multifunctional use of the original flood defence. The paper concludes that multifunctional 
use of the flood defences can influence the performance and reliability of the flood defence positively and negatively. Besides 
that, long term planning for (re)development of flood defences has to take various future changes into account. Embedding 
flexibility in design and development of flood defences is introduced as an effective adaptation approach for responding to 
future changes. 
 
 
Integration of adaptation and mitigation issues in Bratislava city 
 Hudekova 
City of Bratislava, BRATISLAVA, Slovak Republic 
 
In the year 2050, it is expected that the number of people living in urban areas will exceed 82% of the population in Europe. 
Cities are keys not only to the economy but to the whole sustainable development as well. According to the World Bank report 
(2010), cities are using more than two-thirds of global energy and are producing more than 70 % of the greenhouse gas 
emissions. This fact led to the several initiative with the aim to reduce the greenhouse gas emissions by cities, because the 
mitigation of the CO2 emissions is the principal condition to avoid the global environmental crisis. Bratislava city signed the 
Covenant of Mayors Initiative and committed through its Sustainable Energy Action Plan to reduce the overall CO2 emissions to 
20, 74% till 2020. 
Because of this concentration of people and assets, cities are also extremely vulnerable to the effects of extreme weather 
events and climate change. Bratislava is not the exception. Negative impacts of climate change are apparent through the 
different extremes: periods of drought, summer heat waves, heavy rains, landslides, etc. 
Immediate actions with the aim to reduce the negative impact of climate change are therefore urgent. Bratislava will 
undertake several measures and pioneering initiatives, especially in the field of the rainwater management with the aim to 
counteract storm surges. To create a more resilient city, Bratislava city prepared the Adaptation strategy with more than 80 
adaptation measures to be undertaken. Mitigation is frequently understood as activities to protect nature from society, while 
adaptation represents activities understood as protecting society from nature. The Fourth Assessment Report of the IPCC 
identifies four types of inter-relationships between adaptation and mitigation: (1) adaptation actions have consequences for 
mitigation actions; (2) mitigation actions have consequences for adaptation actions; (3) there are trade-offs or positive 
synergies between the two; (4) there are processes that have consequences for adaptation and mitigation 
In Bratislava, we are trying to find the positive synergies and integrate as much as possible mitigation and adaptation issues 
together. 



 
 
Water Sensitive Cities and Innovative Water Concepts for climate change adaptation and mitigation 
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Current territorial transformation processes, characterized by an increasing urbanization, have resulted in dominance of 
impervious surfaces (roads, parking lots, roof tops, and so on) and a decrease in the amount of natural soils that are necessary 
for the recirculation of storm water in the natural system. This has caused harmful effects on water quality and other notable 
impacts on climate. The lack of draining surfaces, reduction of vegetation and natural soils, and diversion of precipitations into 
centralized sewage systems, provoke a disruption of the natural water cycle of evaporation/infiltration/precipitation (small 
water cycle), with a reduction of evaporation on land that leads to a decrease in precipitation. The undermining of hydrological 
cycle in the urban environment, due to the impairment of ecological services, essential for a resilient urban system 
(evaporative cooling, rainwater interception, storage and infiltration, shading of vegetated surfaces), highlights how the urban 
system should be considered as a complex system, interdependent and connected to natural ecosystem. 
Therefore it is essential that an innovative water management should be included in the climate mitigation and adaptation 
strategies, developing a holistic and systemic approach to urban design and planning, capable to ensure the reactivation of 
ecological balance, strengthening the adaptive capacity of the urban system and its resilience to climate change. 
The work intends to outline, through exploring best practices of adaptation-driven urban policies worldwide, how the 
paradigm shift towards water sensitive and water resilient cities facilitates implementation of an integrated approach that 
combines risk prevention, regeneration of urban fabric, matching ecosystem and urban functions. 
Several projects and urban policies, experienced at international level according to the approach previously discussed (WSUD 
Melbourne e Sidney; Innovative Water Concepts, Berlin; Action Plan for Kaohsiung, Taiwan; Rotterdam climate initiative, 
Netherlands), act in a multi-scale perspective to create a significant improvement of architectural quality of spaces, and a 
recovery of socio-economical and ecological conditions, generating a sustainable urban regeneration process. The outcomes of 
these practices demonstrates that architectural disciplines are effectively able to design adaptation options at different scales 
ranging from building to landscape (ReBuild by Design, New York; Seoul Cheonggyecheon, South Corea, Liupanshui Minghu 
Wetland Park, China). In addition this design attitude aims to create a network-based, symbiotic environment featuring multi-
scale perspectives, that contributes to improvement of quality of life and well-being, and is able to reduce vulnerabilities and 
promote an informed use of resources.  
 
 
Synergies in Sustainability, Adaptation and Urban Design: The role of the public realm in New York City's greener, more 
resilient future 
 Hariri 
New York University, NEW YORK, United States of America 
 
Coastal cities around the world are responding to climate change by adopting a variety of 'climate-proofing' strategies that 
build stronger protection systems to withstand the next disaster. Yet, hard engineering solutions alone only provide short-term 
protection, with limited ecological co-benefits and little consideration to quality of life. Moreover, this focus on predicting and 
preventing' a specific climate event or risk level understates the dynamic, unpredictable nature of climate change and ignores 
the complex institutional and systemic gaps that create vulnerability landscapes. 
The purpose of this panel is to broaden climate adaptation and resiliency thinking in cities to include a role for urban design 
forms and conditions that leverage natural systems to reduce flood risk from extreme weather events as well as enhance 
quality of life and community adaptation. Using the City of New York and the new sustainability and resiliency policy 
framework developed by Mayor de Blasio, we will assess how sustainability, adaptation, and urban planning/design are 
alligning, showcase case studies/success stories across neighborhoods, and conclude by describing impediments to more 
comprehensive integration that considers the public relm and community adaptation.  
 
 
Economics, finance and the role the private sector in climat change action of cities - a survey and assessment 
 Schwarze 
Helmholtz Center of Environmental Research - UFZ, LEIPZIG, Germany 
 
This poster presents key findings of the 2

nd
 Assessment Report Climate Change in Cities' (ARC3-2) in the subpart Economics, 

finance and the role the private sector'. In the subpart 1 (economics) the focus will be to demonstrate how climate change 
action (mitigation and adaptation) co-benefits sustainable development and can help solve other existing development 
challenges at the city level (e.g., existing global infrastructure deficit). Subpart 2 (finance) will explain the importance of 
diversifying sources of urban climate finance and the role of overcoming the barrier of credit worthiness' by means of capacity 
building. Specifically, we demonstrate that any single source, including international public finance, is inadequate to deliver to 
the huge infrastructure needs of finance of low carbon development and climate risk management at the city level. Cities 
therefore must tap on their full spectrum to raise money for climate action. Public funding mechanism are most effective if 
they help overcome key problems of access to finance (e.g. creditworthiness) and support the development of capacities at 
the city level to improve access to diverse sources of funding and make the most effective use of funds available at the city 



level. In subpart 3 (role of the private sector) we argue for a strong role of the private sector if (and only if) it is carefully 
integrated with the public sector needs. The private sector has a strong motivation to make cities more climate resilient. For 
private effort to be effective, however, the right regulatory framework has to be set and the private and public sectors need to 
work in an integrated manner. A common vision, shared knowledge, and recognition of co-benefits are key success factors in 
many case studies. 

3.3 Developing and implementing local adaptation strategies – approaches and support 
for local governments 
 

How to adapt to climate change - challenges for cities 
 Cortekar, Bender, Groth 
Climate Service Center 2.0, HAMBURG, Germany 
 
 
Especially in view of the failure of international negotiations on climate protection and the improbability of a trend reversal in 
the climate changes that have already occurred, responding to climate change now involves both mitigation to address the 
cause and adaptation as a response to the changes. Local councils are key actors when it comes to the implementation of 
adaptation measures in order to improve the overall resilience of local territories in various fields such as water, energy, 
health, transportation and many more. In doing so, local authorities are embedded in a frame of legislation, different (and 
conflicting) interests, missing or incomplete knowledge of climate change and its impacts. 
Increasing cities resilience to climate change impacts, thus, is highly context specific. It is not only the city specific vulnerability 
due to its geographical location, structure, inhabitants and operational capability. Equally important is the consideration of the 
individual backgrounds and interests of the stakeholders involved in the process of adaptation. As an inter- and 
transdisciplinary topic, the approaches of the different stakeholders involved are very diverse and so are the specific 
preferences for adaptation. Thus, the implementation and transferability of adaptation measures is difficult. Best-practice 
databases available on the internet can provide a first overview of possible measures but their actual added-value is limited 
since there can be no standard solution due to the highly context specific nature of adaptation. But what do decision-makers in 
local councils need to adapt to climate change? 
Cities need tailored information, guidance and moderation through the whole process starting with an inventory, stakeholder 
consultation, planning, implementation and monitoring. In order to meet these specific cities' needs, we develop a modular 
toolkit for supportingcities to adapt to climate change. This toolkit consists of nine independent module groups including for 
example communication, water, energy or urban climate. These module groups contain one or more prototype modules. Local 
councils can select individually one or more of these prototype modules or initiate the development of a new one. Currently, 
the toolkit is being tested in German cities and first results show, that i) a flexible consultation framework is the key to 
guarantee individual adaptation for cities, ii) communication is prerequisite for the whole adaptation process, iii) climate-
adapted urban development is time consuming and not a fast track activity, and IV) the main challenge is the implementation 
phase. 
 
 
Creation of modern approach adaptation of water consuming branches to climate changes and degradation of glaciers 
 Normatov 
Tajik National University, DUSHANBE, Tajikistan 
 
One is actual problems of modernity is Global Climate Change and adequate behavior of the each component of ecosystems to 
this change. For the Tajikistan 93% territory, which do mountains and which characterized by availability more 8500 glaciers by 
the total area of 8476.2 km

2
 occupy, or about 6% of all territory of the Republic of Tajikistan is very important. There is a large 

unit of conglomeration in mountains of Northwest Pamir with the center of Fedchenko glacier - the largest mountain glacier in 
the world. By 1988, the glacier has receded more than on 500 m and has decreased on the area for four square kilometers. 
Average speed of step of Fedchenko glacier for the last century made 10-12 meters one year. Average speed of movement of 
glacier in connection with loss of weight has decreased with 72 up to 69 sm daily. In total for 20th century the glacier has lost 
about 12-15 km3 ice. For last 16 years (1990 - 2006 years) a glacier of the Zeravshan River Basin has receded on 35-55 m 
annually the average its speed has made about 3 m per year though in the eightieth years of the last century it has made about 
8 m annually. The created situation and prospect of development of the given trend of reduction of glaciers stimulates search 
of modern methods in preservation and an effective utilization of water resources. In this plan, building of reservoirs for water 
accumulation and corresponding corrective amendments in planning of the water use in agriculture is actual. 
 

 
Assessment of Local Adaptation Measures in Response to Climate Change 
 Oli

1
, Mr Thapa

2
 

1
EPTRI, KATHMANDU, Nepal 

2
YONSED, KATHMANDU, Nepal 

 
Study of local initiatives in response to climate change impact is essential as people have always responded against extreme 



climatic events and changing environment. Some of these responses are important to build resilience. The objective of this 
study is to find out local adaptation practices and review of existing documents on climate change adaptation practice. To 
understand climate change impact at individuals or community level study was carried out in the three geographical region of 
Nepal which includes Mountain, Hill and Tarai (Gangatic plain). Methodologies applied for study includes consultation with 
stakeholders at national-district-local level, key person interviews, field observation and finally review of climate change 
initiatives and policies in Nepal. Result of the study indicates that there are unusual events of climate induced disasters like 
flooding and water logging in Tarai region. Water scarcity and landslides are major problem in mountain and hilly region. And, 
the consequences of drought, loss of cropping and low agriculture productivity is observed commonly in almost three regions. 
Community based Initiatives for watershed management, participatory plant breeding, community seed bank, water collection 
ponds, agricultural cooperatives are successful practices identified during the study. These practices benefitted not just an 
individual but the whole community. These responses and actions safeguard livelihoods of vulnerable people thereby reducing 
the risk of climate induced disaster and improving the resilience capacity. It is necessary to establish common understanding 
on climate induced hazards, vulnerabilities and their consequences at local level. It is observed that best practices in 
community and individual initiatives need to promote in other places. The successful initiatives can be viable to replicate 
elsewhere. 
 
 
Community-based empowerment mechanism for climate adaptation - A case study of flood-prone urban area of Taiwan 
 Chiang 
Chinese Culture University, TAIPEI, Taiwan 
 
Faced with climate impact and its irreversibility and uncertainty, there is an urgent need for human to enhance their adaptive 
capacity. This is a crucial issue currently much concerned by the global in the notion that local adaptation and global action 
contribute to cope with the challenge of severe climate change. This study aims to explore the prototype of community-based 
empowerment mechanism for climate adaptation. It is recognized that small communities are likely to be the most severely 
affected by climate change impacts. Estimating technology and knowledge gap is far more challenging, and thus needs trans-
regional collaboration on sharing experiences to inspire adaptation actions. The study focuses on extreme rainfall events that 
expose a flood-prone urban area located in Xinzhuang District of Taiwan to climate risks. Environmental perceptions of the 
residents and their adaptation actions are concerned. The case study is based on the Driver-Pressure-State-Impact-Response 
(DPSIR) cause-effect framework in view of social vulnerability. Both built environment degradation and human adaptive 
capacity play a crucial role in analyzing and comparing residents' perceptions taking regional and cultural differences into 
account. Throughout literature reviews, interview process and impact assessment, the planning of community empowerment 
on climate adaptation was explored. While built environment can be improved throughout adaptive building, zoning and 
greening, enhancing human adaptabilities need adaptation skills, knowledge and network. Those contribute to developing 
community-based empowerment mechanism for climate adaptation on the one hand, and on the other hand closing 
adaptation technology and knowledge gaps. It is argued that government flood control measures, such as dikes, gates and 
pumping stations, have limited utility. Some residents also point out that dikes exacerbate the floods. When there are floods, 
most residents are accustomed to observing and measuring water levels in the drainage ditches, setting up water control gates 
in front of their own houses, and elevating living spaces on the ground floors. Early warnings are also broadcast in the 
communities. But with respect to community engagement in integrated flood risk management, there exists indifference as 
well as gaps in understanding. The community-based empowerment mechanism proposed by the study will help increase the 
levels of knowledge and capabilities of community members as they manage floods as a group and can serve as a reference for 
the development of resilient communities, integrating structural and nonstructural measures to respond comprehensively to 
the impact of floods under climate change. 
 
 
The influence of cognitive factors on local decision-making: first results from the ABSTRACT-colurba project 
 SIMONET 
CDC Climat Recherche, PARIS, France 
 
Over the last decade, many studies have focused on the institutions responsible for managing climate risks by analyzing 
responses, limits or barriers. Several studies have explored this path by focusing on the sources of the cognitive barriers that 
prevent actions, on the reasons and aspects of interests that motivate the denial and on the influence of cognitive factors on 
decision-making. Today, it has been widely acknowledged that people's beliefs and perceptions influence implementation of 
climate change adaptation. Regarding perception barriers, some authors keep highlighting the confused definition of 
adaptation and its various interpretations. However, few studies explored these issues directly with local policy makers who 
work directly on the elaboration or the implementation on adaptation strategies to climate change. Moreover, a clear 
definition of what really means 'adaptation to climate change' is still working in progress, letting local authorities with their 
own interpretation of the notion. 
Based on this framework, the ABSTRACT-colurba was launched in January 2014 by CDC Climat Recherche and two French 
public agencies (ADEME and AFD). The project proposes to increase knowledge on climate risk management at the urban scale 
by analyzing the levers and barriers (economic, organizational, cognitive) attached to decision-making processes upstream to 
the implementation of adaptation strategies to climate change. Based on a field study through 10 French local urban 
communities, the project is conducted within an action-research approach integrating local stakeholders. More specifically, the 
focus of the project is made on the intermediate size urban areas (50.000-100.000 inhabitants) chosen through different 



criteria (local dynamism, awareness, diversity of issues). Based on interviews and focus groups directly collected in the chosen 
case studies, the project analyzes the way the local communities elaborate and implement their own actions to reduce the 
vulnerabilities to climate change of their territories. The first results of the project show that each urban community has its 
own way to interpret what does 'adaptation to climate change' mean, depending of the local issues, the local stakeholders 
dynamism or the allocated resources. The study aims to contribute to better define the shape of adaptation strategies to 
climate change once implemented and to better understand the influence of the cognitive factors on the decision-making 
process linked with local climate policy. Through restitution to the local stakeholders, the results participate to reinforce the 
capacity of local authorities to cope with the new climate realities. 
 
 
Linking adaptation to asset management: a planning tool 
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It is often stated that implementation of climate adaptation options in cities should make use of 'windows of opportunity' 
provided by regular maintenance and renovation/restructuring works. As the ultimate outcome of mainstreaming climate 
adaptation in other city policies and departments, adaptation would be fully included in regular maintenance of the cities' 
assets. It would allow for lower or even zero costs of the adaptation measures as they would become part of larger building 
works. 
This way of thinking presupposes successful mainstreaming which - in the technical sense - requires that urban asset managers 
acquire knowledge on adaptation options and their effectiveness in increasing the resilience in (parts of) the city and that 
those advocating climate adaptation increase their knowledge on urban asset management. It also requires interaction 
between urban planners and city departments for urban management, housing corporations, network managers etc., which is 
difficult to get started, as these actors rarely meet. To kick-off and support the discussion between urban asset managers and 
urban planners a practical on-line tool has been developed (which can be quickly demonstrated at the conference). 
After user input of the assets present in a (vulnerable) part of the city and their building year or their last moment of 
maintenance, the tool presents a menu of adaptation options for each asset and the possible moments of implementation in 
the coming decades. By varying maintenance frequencies it is possible to create coordinated restructuring works on e.g. green 
areas, sewerage systems and streets with a linked package of climate adaptation options. A final result can be an 'adaptation 
implementation agenda' shared by various stakeholders. First experiences with the tool suggest that it appeals especially to 
urban planners due to its long time horizon. 
 
 
Implementing Operational Floode Forecasts for Cities - The OMOVAST Project Copenhagen 
 Sørud, Poulsen, Brødbæk, Meneses, Löwe, Petersen, Courdent 
Krüger A/S (Veolia), SØBORG, Denmark 
 
The objective of the OMOVAST (Operativ Model til Varsling og Styring) project is to provide urban flood warnings. As a result of 
the OMOVAST-project SURF (Surface Flood Forecast) was created. An urban flood warning is issued when SURF calculates that 
a forecasted rain gives rise to more than 10 cm of water on the terrain in a larger area. The aim is that the produced warnings 
are sufficiently accurate to predict flooding and at the same time, avoid alerting police and emergency response teams 
unnecessary.  
The early warning from SURF will allow the public to protect their assets (move valuable up from basements, place barriers, 
etc.) and the emergency response teams to alert and protect public institutions and the people in them (hospitals, home for 
elderlies, schools etc.).  
SURF uses a 6 hour Numerical Weather prediction and a 2D-1D, fully dynamic hydraulic model for the surface (terrain) and the 
pipe flow. The numerical weather prediction (NWP) is provided by the Danish Meteorological Institute using a weather model 
which assimilates radar data to improve the weather models ability to forecast rain with a good geographical resolution. This 
allows SURF to provide flood forecast and hence flood warnings district wise. 
SURF is set up to provide flood warnings for two areas in Copenhagen and is now used by the emergency management team 
as a decision tool when they need to decide whether police, emergency response units and the public shall be warned/alerted. 
The result of SURF is a map showing any forecasted flooding. This map is updated every hour and published on a website 
which the Emergency management team has access to together with other relevant personnel. SURF has been in operation 
since May 2014. 
SURF is still under development and in the coming year it is expected that the NWP will be further improved and further 
applications of SURF will be tested. 
SURF can be used to provide inflow hydrographs to optimization routines for Real Time Control (RTC) of the sewer system. 
During the current project it will be tested if it is possible to do flood protection for the Copenhagen area using SURF and RTC. 
SURF can also provide inflow forecasts to the treatment plant, which can be used to switch the treatment plant into a rain 
mode of operation where the hydraulic capacity is increased for a period of time. 
 
 
Climate Change adaptation guidelines and technologies for public authorities and city residents 
 Fetsis 



AEIDL, BRUSSELS, Belgium 
 
- THE LIFE PROGRAMME - 
OVER 20 YEARS IMPROVING ENVIRONMENTAL SUSTAINABILITY IN THE EU 
P. FETSIS* 
*LIFE Programme, Communication Team. Chausse St Pierre 260. 1040 Brussels, Belgium 
The LIFE programme was established in 1992 and is the EU's funding instrument for the environment. The general objective of 
LIFE is to contribute to the implementation, updating and development of EU environmental policy and legislation by co-
financing pilot or demonstration projects with added value. 
With 4171 initiatives supported to date, LIFE has improved the environmental performance of a wide range of sectors and 
fields across Europe. The programme has developed innovative guidelines, tools and technologies for public authorities and 
city residents in, for example, the field of green procurement, energy efficiency and sustainable transport, each one 
inextricably linked with climate change adaptation. Below you can find some examples of LIFE projects on specific themes: 
ACT focuses on three municipalities vulnerable to the effects of climate change and the identification of a sustainable 
adaptation plan that takes into consideration the environmental, social and economic impacts. Through a local participatory 
approach, forecasting models were integrated and an adaptation plan was developed featuring a list of actions needed to 
address some future negative impacts of climate change.  
Julia 2030 demonstrated opportunities to reduce CO2 emissions through the successful development of a calculator - that was 
thoroughly tested in several public premises - not only for the identification of CO2 derived from heating and electricity 
consumption but also from work-related travelling by staff, paper consumption and waste. Subsequent guidelines highlighted 
how to reduce CO2 emissions in the field of public procurement, electricity consumption on public premises and transport. 
R-URBAN is developing a participatory strategy to increase the ecological resilience of the town of Colombes in France, 
through city retrofitting and the creation of a new production/consumption balance in key fields of activity (such as mobility, 
housing and urban agriculture). The project is initiating a locally-closed ecological cycle, whilst ensuring a wise use of available 
space and reversibility of land-use changes. 
Therefore, in the context of the 2

nd
 European Climate Change Adaptation Conference 2015, LIFE proposes: 

- to make a presentation of good practices and technologies developed by the programme; and 
- should an exhibition be set up: to provide posters and technical brochures on the contribution of LIFE to the themes tackled 
by the event. 
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Considering future climate change into planning processes allows for more effective adaptation. The heterogeneity and 
variability of local climate change and its impacts implies that involving regional and local actors in such adaptation processes is 
essential. This then also addresses the ongoing trend of liberalization and decentralization of (spatial) planning towards 
regional and local authorities (i.e. the subsidiarity principle). However, the relevant local governments have little capacity and 
few resources to address climate change. Mainstreaming climate change in spatial praises is an important cost effective 
approach in developing and implementing adaptation policies and measures. Understanding and interpreting climate change 
impacts and the appropriate responses is important in assessing climate adaptation possibilities. 
Our experience working with adaptation processes in different municipalities shows that such processes can easily be 
improved. Many adaptation-planning tools and approaches exist to support spatial planners and decision makers. Current 
tools generally emphasize climate change and fail to mainstream climate change issues into non-climate related plans and 
policies. This contrasts with current local adaptation practices. Climate change adaptation is rarely considered as a specific 
policy objective and therefore not systematically structured in policy programs. 
We analysed several methods dealing with local adaptation and observe a lack of tools and methods that focus on area 
development, where coping with climate change is just one of many objectives. Based on our experiences, in co-creating 
adaptation policies with municipalities, water boards and provinces, we developed a set of integrated tools that facilitate the 
development of ‘future proof' spatial plans. The tools are applied to the area to be developed. First, the landscape is analysed 
focussing on green (i.e. vegetation), blue (i.e. water) and brown (i.e. soil) structures. Subsequently all goals and challenges of 
the desired spatial development in the area are identified. These include demographic changes, water safety, infrastructure 
and housing requirements. Then municipal workshops, where a broad range of expert stakeholders (focussing on, for example 

water, infrastructure, housing and health) discuss these goals and challenges. This designs the scope of possible ‘future proof' 
spatial developments. So far twenty workshops have been organized in the Netherlands and Germany. A preliminary analysis 
shows that the approach likely helps municipalities to explore different possible integrative strategies to incorporate the 
various challenges - including climate change - into daily municipal spatial planning processes. 
 
 
Utilzing Blue Carbon bundeled with ecosystem services as part of National Climate Change Adaptation Strategies 
 Glavan 
Abu Dhabi Global Environmental Data Initiative (AGEDI), ABU DHABI, United Arab Emirates 
 



Presentation of lessons learnt and how Blue Carbon bundled with Ecosystem Services has been incorporated into National and 
Emirate level climate change strategies.  
Nature-based solutions to climate change are increasingly seen as a key part of efforts to cope with and reduce impacts of 
increasing atmospheric greenhouse gas concentrations. The importance of coastal ecosystem provisioning and regulating 
services has long been recognized, and our understanding of how sustainable coastal development and utilization underpins 
adaptation of both ecosystems and dependent communities is growing. ?Relatively recently the magnitude of coastal 
ecosystem carbon sequestration and storage has become apparent. This has stimulated renewed interest in better 
management and restoration of coastal ecosystems including mangrove forests, seagrass meadows and saltwater marshlands, 
for the purpose of climate change mitigation. However, it has also highlighted a number of science gaps as well as limitations 
with respect to national as well as international climate change policy frameworks, which by and large presently do not 
recognize the importance of coastal ecosystems, their carbon dioxide reservoirs and their role in the global greenhouse gas 
cycle. In effect, these ecosystems are frequently not awarded appropriate protection, nor are appropriate incentives in place 
for sustainable use and restoration. 
 
 
Assessment Impacts and adapations of climate change for flooding disaster 
 Chen, Lin, Chen 
Natiopnal Science and Technology Center for Disaster Reduction, NEW TAIPEI, Taiwan 
 
Climate change is making hazards with more intense, more frequent, and longer lasting, such as floods, cyclones and droughts. 
These will increase risk of disasters, especially in area of high vulnerability levels. This study is to assess the impacts of 
inundation disaster by a numerical model and indexes overlapping by dynamic downscaling data. The FVCOM, an inundation 
simulation model, is used to assess the inundation properties in the downstream of the Zengwun Reservoir in south of Taiwan. 
The results show that the high vulnerability zones are located near the riparian and coast, such as Cigu, Beimen, Sigang, 
Yanshuei, Shanhua and Madou Districts. In the impacts of climate change, the high risk of inundated disaster is located in the 
central of Tainan City, such as Sinying, Yongkang, Sigang, Annan, North and West Central Districts. The high risks of slope 
disaster are distributed in Baihe, Lioujia, Nansi, Yujing and Danei Districts. Some of adaptation strategies for flooding disaster 
are applied to high risk area, such as, detention pond, drainage systems and levees rising. According to these results, 
policymakers can select appropriate adaptation strategies for reducing high disaster risk. 
 
 
The governance of urban heat risk mitigation - overcoming cultural and political constraints for climate change adaptation in 
mid-latitude cities 
 Mahlkow, Kalt 
Environmental Policy Research Centre-Freie Universität Berlin, BERLIN, Germany 
 
We would like to present results gained in a study conducted within the research group 'Urban climate and heat stress in mid-
latitude cities in view of climate change'. The governance of urban heat risks is an important, yet understudied subject in the 
field of climate change adaptation. The urban heat island effect induced by the characteristic land-use in cities has been shown 
to be exacerbated by global climate change. Only recently awareness has been growing for the challenges that this might pose 
to local policy makers and planners in mid-latitude cities. Local authorities tend to address anticipated changes of the urban 
climate by setting up adaptation strategies that often cumulate in the policy instrument of an adaptation plan. 
In our case study of Berlin, Germany we examine the potentials of such an adaptation plan to encourage urban governance 
practices for heat risk reduction. To do so, we analyze processes und related competing discourses that dominated the 
development and operationalization of the plan within the different tiers of a local administration. 
We believe that studying local governance practices in conjunction with the underlying political culture can reveal the roots of 
coordination impediments. We use the recently developed approach of the Constellation Analysis (CA) to untie the complex 
interrelations of involved actors and institutions, technical and natural elements. This provides an insight into the practices 
driving and impeding the urban governance of mitigating heat stress. We then complement the Constellation Analysis 
approach with a discourse analytic perspective to study the interplay of local narratives and perceptions underlying 
administrative and political practices. Finally we show how the results can help to improve coordination processes to adapt 
mid-latitude cities to heat risks. 
An analysis that combines cultural and political factors sheds a new critical light on urban level coordination of climate change 
adaptation plans and explains the often occurring lock-in situations of adaptation governance. Identifying the complex material 
and immaterial constellations constituting urban governance processes is of utmost importance when trying to find ways to 
overcome implementation constraints. 
 
 
Effective Adaptive Measures Could be Maladaptation: Case Study in Chiatung Coastal Area, Pingtung, Taiwan  
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The impacts caused by extreme rainfall events in the coastal area is significant in Chiatung Township, Pingtung County, Taiwan. 



Local residents have adequate experiences and have developed several measures for coping with flooding effects. In 2009, the 
Typhoon Morakot, causes days with intense rainfall, almost destroyed the effectiveness of adaptive measures which the local 
residents already made. Besides, Chiatung Township is also one of the serious subsidence areas in Taiwan. Some of adaptive 
measures not only coping with heavily rainfall but also with the disaster of subsidence, and therefore, some measures that 
were adopted by different stakeholders will increase vulnerability mutually and causing maladaptation to the flooding event as 
well as social-economic loses. In this article, the material of adaptive measures (adopted by the local residents) were obtained 
from semi-structure questionnaire and field survey method as qualitative data, and the investigation period is before the 
disaster (the Typhoon Morakot). After the disaster, the article further analyzes relative reports and gathered interviewee 
information to discuss how maladaptation impacts aftermath. This research attempts to discuss the causes of maladaptation in 
Chiatung area by analyzing adaptation options and serving a bottom-up viewpoint for government sectors to improve in the 
future. 
 
 
Multi Criteria Analysis: An assessment approach for prioritizing urban climate adaptation options 
 Haque 
University of Cambridge, CAMBRIDGE, United Kingdom 
 
Climate adaptation assessments often appear to lack a multi-analytical approach capable of considering different dimensions 
of sustainability during the decision making process. Multi Criteria Analysis is an assessment approach which allows both 
normative judgment and technical expertise in the assessment process. Based on the assessment and analysis, adaptive 
measures are prioritized to enable more effective action. The method includes experts' judgment and stakeholders' 
preferences and incorporates vulnerability assessment and adaptation assessment. Despite the recent interest to participatory 
and MCA methods, MCA assessments are absent from most of the actual climate adaptation assessments due to various 
reasons. Time constraints, data availability problems, lack of guidelines and general tradition in monetized and cost-benefit 
analysis methods, misconceptions and large variety of MCA methods comprise some of the main reasons that MCA methods 
are neglected most of the times in the decision making process. This participatory assessment framework has been proved to 
be a facilitative tool for the elicitation of stakeholders' preferences. The objective of the paper is to explore the potential of the 
MCA application for the assessment and prioritization of adaptation measures aimed at protecting vulnerable areas to climate 
change and variability in the context of developing world. A case of one of the most vulnerable cities in the world, Dhaka, the 
capital of Bangladesh, has been portrayed in the paper where such a participatory integrated assessment of adaptation 
options is currently lacking in the decision making process. 
 
 
Implementing the water footprint approach with young consumers in an urban area 
 Schneider, Haida, Neuner, Hama 
AlpS GmbH - Centre for Climate Change Adaptation, INNSBRUCK, Austria 
 
The availability of fresh water is of utmost importance for public welfare. Climate change projections indicate a decrease of 
fresh water resources in certain regions, leading to new challenges in public water supply and water management, in particular 
in urban areas. Due to these changing conditions there is an urgent need to adapt water management. This includes new 
approaches and technologies in public water supply systems and water management. However, this needs to be 
complemented with more sustainable and resources efficient water usage on the basis of changing consumers' behaviour and 
improved knowledge on local, national and international water flows and water consumption. 
Aiming on the water consumption of individuals, the presented project focusses on education, application and dissemination 
of the water footprint approach in urban areas. Within the Central Europe Programme project 'Urban_WTFP' a modular 
education cycle for secondary schools was developed and realized in the city of Innsbruck, Austria. In a moderate-constructivist 
learning approach, the pupils learnt the theoretical background of the water footprint concept and linked this to their 
individual water consumption. With the knowledge on direct and indirect water consumption, the individual water footprint 
(and the one of their family members) was quantified. Based on this assessment, the pupils then developed individual 
measures to improve their individual water footprint. 
The project showed that reducing water consumption is not only a technical and/or top-down issue. The evaluation of the 
education cycle emphasizes that individual behaviour plays a key role in reducing water consumption in urban areas (but not 
limited to these). Education, communication and dissemination play a key role and. The modular education and training cycle 
can be adopted and transferred to other target groups. It is thus a valuable tool for communities and urban areas to promote 
sustainable water management. 
 
 
Urban Heat Island Strategy Plan Vienna - overview and assessment of heat adaptation measures in Vienna 
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Background 
Worldwide the number of heat days in urban regions is rising. As approximately half of the world population lived in urban 
regions in 2005, this number will rise up to nearly two thirds by the year 2050 (Schlünzen, 2012). Consequences are growing 



settlement areas, densification of urban areas as well as loss of open spaces and areas of unsealed soil. This leads to urban 
areas which are significantly warmer than the surrounding rural areas; this development is intensified by impacts of climate 
change. 
To counteract this development the project 'Urban Heat Islands - Strategy Plan Vienna' has been carried out as part of an 
international Central Europe project (www. http://eu-uhi.eu/). 
The aim was the development of a strategic plan for the City of Vienna to implement open space planning and urban ecology 
measures that reduce the negative aspects of urban warming. Within the project, possible actions for the City of Vienna based 
on planning tools and instruments of the different control levels of urban planning and development have been identified. 
Methods 
Based on an analysis of literature, possible heat adaption measures have been identified for Vienna. In close cooperation with 
experts (meteorology, vegetation ecology, etc.) as well as employees of the Vienna City administration, these identified 
measures were evaluated regarding their effect on urban climate (microclimate, mesoclimate), biodiversity, quality of life, 
costs of construction and maintenance, feasibility and acceptance (population and property development). Furthermore, 
relevant planning strategies and planning tools for the implementation of the measures have been identified and evaluted. 
Results 
The project identified three fields of action to enhance consideration of the UHI effect (1) awareness building, information and 
public relations, (2) urban infrastructure and large-scale strategic measures (3) and more detailed technical and structural 
measures. Examples for awareness rising were ponted out. 37 measures (more than 60 sub-measures) were identified and 
assessed and possible implementation procedures on different planning levels - from masterplans over land use planning 
down to the concretet building of for example open spaces - were described. 
However, there is a broad spectrum of tools incorporating (urban) climate as well as strategies and regulations on how to deal 
with the phenomenon of the UHI. It ranges from agreements under international law, nationwide approaches, province-
specific approaches, national and provincial laws down to regulations, planning tools and planning aids. 
Based on these results a practical guide for Vienna has been developed (in press). 
 
 
Sustainable Adaptation Projects and Initiatives in Portuguese Municipalities 
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Governance for sustainability has gained greater public awareness and social significance since the late 1980's (Adger and 
Jordan, 2009), and it shares basic purposes and characteristics with sustainable adaptation. Consequently, both governance for 
sustainability and adaptation to climate change often overlap in policy design and implementation (Kemp, Parto and Gibson, 
2005).In the Portuguese case, despite the persistent lack of a concerted national framework and/or reliable funding policies, 
incontrovertible advance has taken place in recent years. However, these dynamics are still irregular, in reality some 
misconceptions and unsustainable practices are persistent (Schmidt & Guerra, 2011). Bearing this in mind and in the context of 
climate change, the overall objective of BASE - Bottom-up Climate Adaptation Strategies for Sustainable Europe, (a FP7 funded 
project) is to produce knowledge to support decision making on adaptation strategies and pathways, as well as related action 
programmes across Europe.Based on results from an online survey applied to a representative sample of Portuguese 
municipalities by the BASE Portuguese team, and framing our analysis within a multi-arena governance framework (Jorgensen, 
2012), this paper will discuss the conditions and features of local sustainability initiatives promoted by Portuguese 
municipalities. We will attempt to diagnose the situation, analysing the features and context of initiatives and projects 
currently being planned or implemented by municipalities, under the framework of European and national policies for climate 
change mitigation and adaptation.Moreover, we will try to highlight some relevant features of local communities (e.g. 
economic, social, ecological and institutional conditions, as well as their resilience capacity), but also specific characteristics of 
local initiatives and processes (motivations and objectives, challenges and difficulties; engagement and participation, political 
will and municipal involvement; partnerships and civil society; information sources and means of dissemination). 
 
 
Feedback on the Club ViTECC, a knowledge platform as a support device to bridge the gap between research and local 
governments 
 DEPOUES 
CDC Climat, PARIS, France 
 
The gap between research and policy is not always as deep as presented. Interfaces do exist to gather scientists and policy-
makers or projects managers in common places and make them interact. This communication seeks to give a documented 
feedback on such a platform which has been existing for more than 6 years: the 'Club ViTECC' (Cities, Local Governments, 
Energy and Climate Change, www.cdcclimat.com/Cities-Local-Governments-Energy). This club, coordinated by CDC Climat, 
gathers French local authorities, scientists, experts, institutions and utility companies. Climate change impacts, local adaptation 
policies and economical tools for adaptation are among the major topics addressed. The first part of the presentation will 
briefly present how the club works and what are its main functions (i.e. scientific watch, sharing of experiences, presentation 
of funding mechanisms, etc.). Then, it will focus on how the questions related to adaptation have been discussed over the 21 
club meetings and how they are progressively changing. The objective is to describe a common acculturation process to this 
complex issue and the rising awareness on possible barriers and necessary shifts for understanding and action. This analysis 



reveals a diversity of expertise, concerns and priorities as well as possible common agenda. The club can thus be presented as 
a 'mediation device' or a 'boundary actor' (Milanovic, 2006) but also as a place where questions are collectively formulated. 
Indeed, the activity within the club is not just about dissemination of information: topics are collectively defined and 
discussions can be the starting points of common projects. This observation will lead the third part of this communication to 
investigate how the insights provided during meetings make sense and are mobilized by members. Three dimensions will be 
discussed: (i) how each member attending the club meetings can act as a knowledge broker, gatekeeper or boundary spanner 
(Haas, 2014) and use the information in its daily job (to strengthen his arguments, to adapt solutions to his own organization, 
to be able to talk with technicians, etc.), (ii) how this network of actors can turn into a community of project and be a source of 
distributed innovation (iii) and how the discussions, on the long run, participate to knowledge stabilization. This last point will 
be illustrated through the presentation of the booklet of Territories on the road to COP21 (2015), a tangible outcome from the 
club which objective is to broadcast the main messages from pioneer's cities to all local territories. 
 
 
Explaining and overcoming barriers to climate change adaptation 
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The concept of barriers is increasingly used to describe the obstacles that hinder the planning and implementation of climate 
change adaptation. The growing literature on barriers to adaptation reveals not only commonly reported barriers, but also 
conflicting evidence, and few explanations of why barriers exist and change. There is thus a need for research that focuses on 
the interdependencies between barriers and considers the dynamic ways in which barriers develop and persist. Such research, 
which would be actor-centred and comparative, would help to explain barriers to adaptation and provide insights into how to 
overcome them. 
Adaptation to the unavoidable consequences of climate change has become a necessity globally. However, practitioners, 
policymakers and scientists encounter and report on many barriers that impede adaptation planning and implementation. 
Implementation of adaptation is not keeping pace with the ever-increasing need: the ‘adaptation deficit' is getting wider. It is 
therefore critically important to identify and analyse barriers toadaptation to identify possible opportunities to overcome 
them. This Perspective takes stock of current knowledge and outlines the contours of a research agenda to identify, explain 
and overcome barriersto adaptation. 
We focus on barriers that are conceptualized as being related to human actions or decisions, and, as opposed to limits, 
surmountable in principle (for example, through concerted effort). We propose a more precise definition of barriers to 
adaptation in the paper. 
There is an increasing body of case study literature on the barriers to adaptation. This literature carefully describes and 
categorizes barriers in different ways. Research is, however, still far from conclusiveon causal explanations for the occurrence 
of barriers and on how they can be overcome. The paper reports on the state of research on barriers to adaptation and 
identify limitations of current research. To address these research gaps, we propose components for a research agenda. We 
argue that more systematic causalexplanations are crucial for overcoming barriers. Case studies need to be compared and 
synthesized into higher-order findings that enable generalization and/or explication of how contextual factors modify the 
general insights. We conclude with crucial proposals to generate more broadly applicable and transferable knowledge onhow 
decision-makers could avoid, reduce or overcome those barriers perceived as problematic. 

3.4 Operationalizing local adaptation: transition towards urban climate resilience 

Parametric Urbanism: Climate responsive Urban Forms for the MENA region 
 El Dallal 
Technical University of Berlin, ALEXANDRIA, Egypt 
 
The MENA region is a challenging, rapid urbanizing region, with a special profile; culturally, socially, economically and 
environmentally. Despite the diversity between different countries of the MENA region they all share similar urban challenges 
where extensive interventions are crucial.A climate sensitive region as the MENA region requires special attention for 
development, adaptation and mitigation. Integrating climatic and environmental parameters into the planning process to 
create a responsive urban form is the aim of this research in which 'Parametric Urbanism' as a trend serves as a tool to reach a 
more sustainable urban morphology.An attempt to parameterize the relation between the climate and the urban form in a 
detailed manner is the main objective of the thesis. The aim is relating the different passive approaches suitable for the MENA 
region with the design guidelines of each and every part of the planning phase.Various conceptual scenarios for the network 
pattern and block subdivision generation based on computational models are the next steps after the parameterization. These 
theoretical models could be applied on different climatic zones of the dense communities of the MENA region to achieve an 
energy efficient neighborhood or city with respect to the urban form, morphology and urban planning pattern.A final criticism 



of the theoretical model is to be conducted showing the feasibility of the proposed solutions economically. Finally some push 
and pull policies are to be proposed to help integrate these solutions into the planning process. 
 
 
Monitoring of adaptation in municipalities 
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Adaptation to climate change is a relatively new terrain for policy makers. Monitoring of adaptation is also in a very early phase 
of its development. We investigated the potential for monitoring of adaptation in two case studies at the regional and local 
level. The two case studies were the regions of Rotterdam (16 municipalities) and the Hague (nine municipalities). These two 
regions have been working on a regional adaptation strategy for four years now. 
For our research we used a conceptual framework consisting of five building blocks: 1) General requirements; 2) Monitoring 
organizations; 3) System of interest; 4) Indicator selection; 5) Procedures. These five building blocks have been discussed with 
respondents of the municipalities in interviews and workshops. The results made clear that most of the municipalities were 
not implementing adaptation measures yet. Some of the municipalities do not even have adaptation goals. The only sector 
with many adaptation activities is the water sector, often championed by the water boards. However, most of the 
stakeholders do see the value of monitoring adaptation. Respondents that have adaptation goals expect that monitoring will 
provide them with more systematic insights in the process towards achieving adaptation goals. Municipalities want to learn 
from monitoring but they do not want to be held accountable for (not) achieving their goals yet. 
The main bottleneck in the development of adaptation policies is a lack of urgency, caused by a lack of insight in the specific 
effects of climate change on the physical and socio-economic system within each municipality. At this moment a vicious circle 
seems to have developed: the vulnerabilities and risks of climate change are not clear to the municipalities, therefore they do 
not formulate adaptation goals. Therefore progress is not measured and no new knowledge is on the system is acquired. 
We consider it important for municipalities to break through this vicious circle. Monitoring can start, even if adaptation goals 
are not clearly defined. This will provide information on the vulnerabilities of a municipality, which, in turn, may lead to the 
formulation of priorities and goals. 
 
 
Climate Proof Cities - How Dutch cities can prepare themselves for climate change impacts 
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Climate Proof Cities, a large Dutch research project, was concluded in December 2014.Four years of urban adaptation research 
has resulted in a host of policy relevant conclusions, based on case study research (measuring/interviewing, modelling, 
designing) together with the big cities in the Netherlands. The main question of Climate Proof Cities was: how can Dutch cities 
prepare for the impacts of climate change, with sub questions on the functioning of the urban climate system in the 
Netherlands, the impacts of climate change on and the vulnerability of cities, adaptation options in urban and building design, 
and the introduction of climate change adaptation in urban planning processes. 
Based on the observations that : 
all cities in the Netherlands, big and small, appear to be vulnerable for the impacts of climate change. Analysis of satellite 
images reveals that an urban heat island (UHI) exist also in smaller towns. Vulnerability for extreme rainfall events is largely 
determined by thresholds that can be exceeded in all built up areas; 
the pattern of vulnerability within cities has a high spatial variation, depending on the location of vulnerable groups or objects, 
the qualities of buildings, and the structure of the neighbourhoods; 
we conclude that increasing the resilience of cities can for a large part be done by employing very localized adaptation options. 
Most of the wide range of possible adaptation options can be included in urban renovation or restructuring projects, providing 
additional positive effects on the urban living conditions. That means that increasing the resilience of cities consists of an 
accumulation of many relatively small and not too costly measures included in regular maintenance works. To ensure their 
implementation, mainstreaming of adaptation in other urban policy areas and in urban management will be necessary. 
In the transition to more resilient cities, apart from tools for the city-wide analysis of vulnerability, tools and instruments are 
needed for bridging between the city departments and other actors involved in the maintenance of the assets of our cities. The 
last category of tools and instruments will necessarily need to focus on local situations and local assets and will need to be 
based on the principles of asset management: a risk-based approach of balancing investments against the damage that would 
occur if maintenance would be postponed. 
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The City of Rouen proposes to present its precursor eco-neighbourhood at the Luciline Rives-de-Seine development zone 
which was awarded first prize during the French 'Territorial Climate Adaptation Trophies' competition. 
The City of Rouen is engaged in a proactive political programme to respond to the challenges of climate change. It has attained 
the CAP CIT'ERGIE status and developed its Territorial Climate and Energy Plan. The development of this eco-neighbourhood 
on the banks of the Seine estuary addresses all the challenges of climate change and the urban environment: integrated water 
management, flood-risk protection, reducing urban heat, securing the neighbourhood's energy supply, and the development 
of urban diversity. 
A comprehensive global approach 
The global approach adopted by the City of Rouen for the design of this low-impact neighbourhood will be presented: 
illustrating how the challenges of the ecological continuity of public and private open spaces, and integrated water 
management were included. 
The combination of techniques used to limit the urban heat island effect and the impact of summer heat waves will be 
detailed: uncovering of the Luciline river, green spaces planned, harvesting and reuse of rain-water and geothermal waste 
water, reversible geothermal heat pumps to provide summer cooling of the buildings 
The articulation with the flood-risk management requirements will be described as will the architectural, urban, landscape and 
environmental specifications set by the City of Rouen for the global conception of public and private spaces and to address the 
challenges of integrated water management. 
The governance of the project 
One of the key factors of success of this ambitious project is its governance. The approach adopted will be discussed as will the 
consultation process, and way in which the future inhabitants of the zone and their practices are being taken into 
consideration. 
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The European building sector is responsible for 40% of overall energy consumption sector and over 50% of all materials 
extracted from earth are transformed into construction materials and products. With more than 70% of the building stock built 
before the first energy crisis (1970's), energy retrofitting of buildings is envisaged as the most promising strategy to reach the 
EU's '40-27-27' targets. However, the traditional approach to energy efficiency in building retrofitting brings poor results in 
terms of urban sustainability, resource efficiency and economic return. In order to fulfill the EU-targets for 2030 and 2050 and 
to support the necessary building-retrofit market, the European project FASUDIR was established under the framework of a 
FP7 R&D program(www.fasudir.eu). FASUDIR will provide an Integrated Decision Support Tool (IDST) based on a new 
methodology supported by a software tool that will help decision makers to select the most suitable energy retrofitting 
strategy to increase the sustainability (economic, social and environmental) of a whole urban district [2]. The project has 
started in September 2013 and will last until August 2016. The Decision Support Methodology developed in FASUDIR guides 
planners of neighborhood retrofitting projects in a structured way through several phases of the project. The Methodology 
starts with the preparation phase comprised of data collection and data entry. The diagnosis phase demonstrates planners and 
stakeholders the current state of the neighborhood in terms of sustainability and overall energy efficiency. The decision-
making phase helps planners to create optimized energy retrofitting variants for the neighborhood. It allows considering the 
neighborhood as a global energy system by assessing heat and electricity related synergies and interactions between buildings. 
Based on the results the planners are able to design heat networks and to plan the inclusion of renewable energy sources 
taking into account smart grids and energy storages. The created energy variants can be assessed and ranked with regard to 
their sustainability by a MCDA approach and the use of several simulated Key Performance Indicators (LCA, cost, energy, social 
aspects e.g. gentrification, etc). Moreover the Methodology defines the requirement of different software modules to support 
planners in the complex planning process of neighborhood retrofitting projects. The defined software modules are used in the 
process of the methodology for building simulations, 3D-visualization, genetic optimization, e-collaboration of stakeholders, 
KPI evaluation and more. The modules will be developed in the FASUDIR project and incorporated in the Integrated Decision 
Support Tool (IDST). 
 
 
The transitional pathway of urban resilience in coping with flood risk - case studies in Tainan and Kaohsiung, Taiwan 
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The notion of resilience and the resilient city have gained considerable attention in planning over recent years - not just 
confined to academic discourses but also becomes increasingly addressed in policy documents. There is a wide range of 
interpretations of resilience in the fields of social studies and planning, including energy insecurities, terrorism, socioeconomic 
uncertainty and environmental disturbances. In Taiwan, the discussion of urban resilience often focuses on the impact of 
extreme events such as flooding, both in terms of the capacity to resist and to recover from it. 
In spite of having the increasing awareness of urban resilience in policy-making, a lack of clear definitions of the notion often 
causes ambiguity and therefore represents no more than a fuzzy concept. In Taiwan, policy-makers often use the implicit and 
underlying ideas of the notion in framing discussions without using the terminology directly or embed urban resilience in and 
mix with other concepts such as adaptation, mitigation and sustainability. Studies exploring the transition in policy-making are 
rare and the pathway toward resilient cities is unclear.  
The paper aims to understand the transition of local policy-making toward urban resilience in the Taiwanese context. Six 
characteristics of urban resilience in planning are used for assessment according to previous studies (Lu and Stead, 2013, Lu, 
2014). These comprise: (i) considering the current situation, (ii) examining trends and future threats, (iii) learning from previous 
experience, (iv) setting goals, (v) initiating actions, and (vi) involving the public. Two cities, Tainan and Kaohsiung, are selected 
for assessment because both cities experienced flood disasters in the late 2000s and presented new strategies for spatial 
development afterward. Data collections are made by interview and policy review of local planning documents. Detailed 
information of the two cities is also presented. 
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We refer to a study of transition in the urban management regime of two cities (Melbourne, AU and Copenhagen, DK) 
identifying current drivers and barriers and pointing to successful pathways. A range of alternative technologies to the current 
urban water management regime are developed to meet global challenges such as urban flooding, resource depletion, 
urbanization and climate change. An example is Water Sensitive Urban Design (WSUD) which is implemented as an alternative 
to the current stormwater management regime. WSUD covers a number of technologies with elements of: detention, 
infiltration or harvesting, evaporation, transport or treatment of stormwater. The implementation of such alternative 
technologies suggests an incipient transition in the urban water management regime. 
Technology pathways of WSUD are very similar in Melbourne and Copenhagen. However, differences in context results in 
different local drivers and applications of the technologies. Thus there is a significant potential for knowledge transfer of 
mechanisms for institutional change between the two cities. Barriers for a full-scale implementation are identified in both 
cities and currently, the main barriers for transition are fundamental differences of policy makers' and practitioners' 
underpinning understanding of the technology and its use; such as purpose, applications, and combinations of the technology. 
The study indicates that successful institutional pathways include: 1) creating incentives for implementation with a linking of 
the technologies to a main societal problem; 2) creating supportive policies across several governmental levels; and 3) 
successful full-scale demonstration projects and knowledge building and sharing activities that will build a common vision for 
the technologies. 
Developing from this case study and other literature, we suggest a hypothesis for further discussion: Barriers for transition in 
urban water management are in the earlier phases of transition mainly connected to technology, while in the later phases 
institutional barriers arises with a lack of supporting institutions. These missing institutions are both cultural [shared beliefs, 
logic and meanings], normative [specifying norms, rules and standards] and regulative [such as rules, laws and sanctions]. We 
therefore suggest that successful pathways for further change in the urban water management regime also involve 
institutional change, starting with cultural change. We propose analyzing the current system of alternative technologies and 
surrounding actors and institutions to clarify specific actions to facilitate further development. 
 
 
Waterscapes and uncertainty as driver for interdisciplinary co-creation of resilience 
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Resilience and climate change adaptation (CCA) are closely connected to the concepts of value. From the departure of 
resilience, handling of water (HOW) is a pressing issue which involves value and actions at many levels: it challenges 
economies, questions governance, contemporary planning, settlement patterns, land-use, spatial understandings, 
infrastructural strategies, use of materials, sensory sensations, and daily life practices. 
In urban landscapes, waterscapes and HOW is fundamental to CCA. Furthermore, water itself represents uncertainty as it does 
not acknowledge tradition, administrative or juridical boundaries. Water even challenges conceptual distinctions like nature-
culture and urban-rural. Water holds potential to act as a mediator, forcing diverse actors to act together on differentiating 
values. Thus CCA and HOW could be seen as an entry call for interdisciplinary collaboration: a way to co-create values by 
informing and qualifying knowledge production and thus CCA actions and practices in urban landscapes. 
Values, however, are plural and relationally dependent. Different actors see them differently from their varying fields of 
interests, professions and time perspectives. Values thus also contain potentials of conflict. The question is then: how do we 
engage with different values and underlying justifications like e.g. quantified knowledge provided by science, political interests, 



spatial strategies, citizenship or even more intangible values? How do we bridge fields of value across disciplines, engagements 
and traditional boundaries in order to engage with concepts of value as a way to qualify actions on resilience in a practice-
oriented context? This is the basic point of view of this paper. 
The subject matter is approached through three real-time cases in a Danish municipality. The cases are explored through 
interaction and action-oriented research by design methodologies. To address the complexity and uncertainty of climate 
change and adaptation as qualified as possible, different modes of knowledge production, interdisciplinary collaboration and 
different aspects of values and valuation must be taken into consideration. The three cases serves as a practice-oriented 
context to engage with interdisciplinary and trans-sectorial practices and modes of knowledge production in relation to CCA 
and HOW within urban landscapes. 
The cases serve as a way to provide knowledge on how to bridge quantified knowledge and directions for action, by addressing 
place specific potentials, time perspectives and justifications of both tangible and intangible knowledge. The overarching aim is 
to develop practice-oriented methods for interdisciplinary collaboration in order to envision and co-create resilience and 
(future) values in urban landscapes in the context of uncertainty.  
 
 
HCMC: Adaptive Delta Management in Practice 
 Raadgever

1
, M.K. Steenstra

1
, R. Lasage

2
, S. Koole

3
, C. Oudkerk Pool

4
 

1
Grontmij, DE BILT, Netherlands 

2
VU University, AMSTERDAM, Netherlands 

3
Bosch Slabbers landschapsarchitecten, DEN HAAG, Netherlands 

4
City of Rotterdam, ROTTERDAM, Netherlands 

 
Ho Chi Minh City is expanding rapidly and at the same time is increasingly affected by flooding. Due to rapid expansion towards 
unfavourable areas, and due to the slow processes of climate change and subsidence, the impacts of flooding will increase. The 
Vietnamese Climate Adaptation Partnership (VCAPS) consortium has applied an Adaptive Delta Management approach in 
developing a Climate Adaptation Strategy for Ho Chi Minh City.  
A participatory and integrated approach was used. In Charrettes, interactive design workshops, Vietnamese experts, 
government officials, stakeholders, and Dutch experts have brought their knowledge to the table. Drawing was used as a 
common language to stimulate exchange of knowledge and discussion. The Triple-A approach was used to structure the 
process in three phases, leading to three products: the Atlas, the Adaptation Strategy and the Action Plan. 
This resulted in six strategic directions to achieve a climate proof city: 
1: Base development direction on soil and water conditions 
2: Use a stepwise approach for flood protection 
3: Increase the water storage and drainage capacity 
4: Prevent salinisation where possible, adapt where necessary 
5: Create alternatives for groundwater use 

6: Strengthen the blue-green network and ‘urban ventilation' 
These strategic directions have been implemented to two different types of districts that are about to be restructured or 
developed. 
The project shows that applying the Adaptive Delta Management approach in a multi stakeholder environment can lead to a 
supported strategy. Involving stakeholders in all major project steps is of key importance to build understanding and support 
for the strategy. Charrettes have proven to be the effective way to build capacity, guide stakeholders through the steps and 
concepts of Adaptive Delta Management and develop the strategy at the same time. The adaptation pathways are a good way 
to deal with uncertainties related to future developments, and help planners and decision makers to include climate change in 
their work. Interaction led to Vietnamese ownership of the results, ensuring adoption of the final results. 
This study shows that the Adaptive Delta Management approach can be applied as a working approach as well as a more 
technical analysis. The concrete implementation in a participatory setting and design workshops works suitable in this South 
East Asian context. This is in line with findings of Ottow et al. (2012). 
 
 
Public Private Partnerships for Resilient Communities 
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This article focuses on the role of local institutions in mitigation and adaptation to climate change, considering learning 
experiences in promoting public-private partnerships in to resilient actions. It does so under the belief that climate impacts will 
affect disadvantaged social groups and small-communities more disproportionately, and that local institutions centrally 
influence how different social groups gain access to and are able to use assets and resources. Looking at the increasing 
awareness that global temperatures will raise, a mentality 'Climate-smart' must be adopted by all levels of decision-making. 
'Climate-smart' is a term that originated in agriculture, to describe those interventions in the agricultural sector that are able to 
increase the resilience of adaptive capacity to climate change and at the same time reduce emissions of greenhouse gases. A 
mentality 'Climate-smart' incorporates the analysis of climate change taking place in the definition of strategies and 
operational decision-making processes. This approach involves the search for synergies between climate change mitigation 
and adaptation, wherever is possible. What we learnt by mitigation actions is that climate change is inevitably local and that 
institutions influence mitigation and climate responses and vulnerability in three critical ways: a) They structure impacts and 



vulnerability, b) They mediate between individual and collective responses to climate impacts and thereby shape outcomes of 
actions; c) They act as the means of delivery of external resources to facilitate responses, and thus govern access to such 
resources. As for mitigation, for adaptation we consider similar pre-conditions. Base on this pre-conditions we identify Public 
Private Partnerships as a challenge possibility to finance decentralized renewable energies and green infrastructure for 
resilient communities. Considering the 2013 EU Adaptation Strategies and the attached document, Adapting infrastructure to 
climate change, the PPP scheme has been considered a key tool to finance resilient actions. To do this bottom-up approach is 
needed to be adopting for the actions identification. The article aims to demonstrate two main unclear topics in existing 
understanding about institutions and climate change responses: the correlation among Public Private Partnerships and 
participatory process and how it lead to win-win climate responses funding, a learning experience from Sustainable Energy 
Action Plan and Local Adaptation Plan development.  
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Urban climate resilience is to a large extent dependent on how and when institutions act to fight climate change. Although 
numerous studies assert the role of urban areas as climate leaders, there is no archetype of right actions given the highly 
contextual differences among cities. The how and why cities respond to global environmental challenges in the context of 
increasingly competitive economies needs further research. In this paper we aim at advancing in this regard by assessing the 
state of the art on urban climate actions in two European Mediterranean Countries: Spain and Italy that face similar climate 
change challenges. Have Spanish and Italian cities prepared the ground for climate resilience? Based on an extensive review of 
documents, we analyse mitigation and adaptation plans of 26 Spanish and 32 Italian Urban Audit cities, as representative 
samples. Our results show relevant differences between Spanish and Italian cities in terms of the starting time of their climate 
actions as well their implementation. We concur with existing literature in that mitigation is more advanced than adaptation 
actions and take evidence in both countries and we also demonstrate that international and national networking initiatives are 
being instrumental in engaging cities in climate action, and therefore, in strengthening climate resilience at the local level. 
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At a time when the world's population has reached seven billion people, sustainable design and environmental protection are 
critical to ensure that water resources will be available for future generations. For as long as buildings and paved surfaces 
increase into the landscape, pervious soil surface area and rainfall infiltration decrease, causing overflows in storm sewers 
(urban flash floods) and release of associated pollutants into waterways. 
Green roofs are an example of best management practice (BMP) to allow rainwater collection in the built environment, 
releasing much of the water through evapotranspiration. Through such green infrastructure, the quantity of water that must 
be conveyed through conventional storm sewers is reduced, preventing costly traditional infrastructure upgrades to handle 
increased flows and mitigate excessive downstream flows. Furthermore, green roof is an effective energy efficiency measure 
to reduce the building cooling load in summer and heating load in winter. In addition, it can add ecological benefit and 
landscape value to the community. Therefore, it has attracted extensive attention worldwide. 
Several studies have evaluated varying impacts of green roofs on water quantity, depending upon roof slope, growing media, 
plant type, antecedent rainfall, green roof age, and weather conditions. Studies focused on water quality reported a lower 
metals content in runoff of green roofs whereas data on nutrients and organics in runoff have shown mixed findings, which has 
left the unanswered question of how green roofs affect surface water eutrophication. Similarly suspended solids studies have 
shown a first flush effect in potted studies, dependent on media type and planted conditions. Few is still known regarding the 
microbiological quality of the green roof-harvested rainwater and the potential health risks. Pathogenic microorganisms such 
as Aeromonasspp., Campylobacter spp., Legionella spp., Salmonella spp., Giardia spp., and Cryptosporidium spp. are present in 
the feces of birds, mammals, and reptiles that have access to the roof. Therefore this aspect needs to be valued in detail 
before to evaluate any reuse application of rainwater. 
This paper critically presents worldwide green roof applications, discussing the selection of planting materials, plant 
configuration patterns, plant growth medium, ecological benefits and thermal performances. The quality of rainwater is 
assessed with respect to reuse applications. Finally the potential combination of green roofs with solar disinfection plants is 
drawn as a sustainable scheme for rainwater management and reuse.  
 
 
Smart and Resilient Initiatives in Italian cities: methods and tools for promoting cross-sectoral strategies for climate 



mitigation and adaptation 
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Contemporary cities have to deal with numerous challenges ranging from the impact of climate change to the changes in 
energy sources and consumptions, from the environmental degradation to the growth and aging of urban population. Many of 
these challenges are closely interconnected: urban development patterns and the growth of urban population are recognized 
as the main contributors to climate change - since they significantly affect the total energy consumptions and the related 
greenhouse gas emissions - as well as to environmental degradation. Therefore, a breakthrough in current urban development 
patterns is required to counterbalance these interconnected challenges. 
In the last decades numerous metaphors concerned with the future of cities in the face of issues related to the energy 
consumptions' reduction and to urban adaptation to climate change have been brought into the planners' language: eco-cities, 
transition cities, resilient cities, smart cities. We will focus here on the metaphors of 'smart' and 'resilient' cities, which seem to 
play a leading role due both to the growing attention paid by scholars all around the world to these terms and to the increasing 
number of on-going initiatives both on the European and national scale. 
In detail, to overcome the segmentation of approaches and initiatives for promoting smart and resilient strategies currently in 
place in the Italian cities, this study aims at providing operational tools capable to support multi-objective strategies aimed at 
counterbalancing climate related phenomena as well as at increasing urban smartness, livability and resilience to effectively 
respond to climate-related challenges (Kunzmann, 2014). 
Embracing a systemic perspective, the main characteristics of a smart and resilient urban system will be identified and a model 
capable to represent their roles and linkages in improving the response capacities of complex urban systems in the face of 
climate change will be outlined (Davoudi et al., 2013; Galderisi, 2014). This model represents a preliminary step for guiding 
planners and decision-makers towards the development of multi-objective strategies capable to improve the response 
capacities of complex urban systems as well as to pursue a better integration between mitigation and adaptation strategies 
(Klein et al., 2005). 
The study is part of a wider research work developed in the framework of the 'SEM Project - Smart Energy Master for the 
energy management of territory', aimed at developing methods and tools for improving energy efficiency within high-density 
urban areas and dealing with climate change impacts and energy resources' scarcity. 
 
 
Resilience initiatives and projects in Milano metropolitan area: an overview and perspectives 
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1_ introduction 
The paper presents the panorama of 'resilience' initiatives and practices activated in the Milano metropolitan context. 
The focus is dedicated to initiatives, researches, coordination polices, strategic planning and administration engagement with 
specific characteristics: 
a) initiatives/practices that have activated a synergic and positive system of responses involving a complex governance process 
(multi-stakeholders, as communities, academic, administration, private, associations); 
b) multi-purposes initiatives: the aims of initiatives have to include and integrate goals related to different assets of 'resilience' 
of complex systems (as environmental, social, governance network ); 
c) initiatives that have activated or proposed innovative solutions in relation to the Nexus between food - energy - water (in 
particular in the Milano case study the 'food' is identified as 'core/activator topic', due to the role of EXPO'2015 as 'catalyst 
event'); 
The effort is to intercept a large range of 'resilience' initiatives (eg: small and local actions, metropolitan polices and/or applied 
researchers) with the aim to characterise the complexity and the richness of the Milano metropolitan panorama. 
2_ Milano metropolitan context 
In the Milano metropolitan context and in relation to environmental/climatic topics, a consolidated tradition of dispread local - 
based actions is present. In particular, moving from food and environmental preservation/improvement issues. 
Local relevant actors have promoted structured projects and programs supporting the diffusion of initiatives towards local 
sustainability, resilience and adaptation (projects promoted not only by 'institutional' actors, but also involving independent 
actors as CARIPLO Foundation and Universities and associations/NGO with relevance at metropolitan level ) 
3_ the panorama/ overview 
The paper will describe main characteristics of Milano context in relation to: 
a) scale and 'physical' impacts of initiatives (local/metropolitan influence ...) 
b) level of networking and governance (isolated initiatives/networking, community engagement) 
c) governance of initiatives process (bottom-up/institutional) 
d) assets of issues / goals / topics 
e) investment attractiveness  
  
4_ critical conclusion and perspectives 
The paper will present main critical phenomena (positive and negative) that characterise this complex panorama of Milano 
metropolitan context (underlining aspects of conflict, cooperation and germination). 
The paper will present four projects (launched in December 2014) aiming a coordination, integration and valorisation of 



existing opportunities: 
Milano food polices (Urban Food Policy Pact) of Milan Municipality  
Milano as '100 Resilient Cities' of Rockefeller Foundation Initiative 
National Observatory of Resilience Practices promoted by Cariplo Foundation with REsilienceLAB and POLIMI 
REsilienceLAB promoted by a independent and innovator researchers/consultants. 
 
 
REsilienceLAB: people networking for resilience actions support 
 Colucci, Cortinovis, Pesaro, Marino 
REsilienceLAB, PAVIA, Italy 
 
REsilienceLAB network: Reasons, innovation and identity 
In the last years, 'resilience' and 'resilient city' has had a diffusion at political, academic and community level. In the Italian 
context the resilience approach has a relative low diffusion (more closed to academic context). REsilienceLAB 
(www.resiliencelab.eu) is an interdisciplinary network supporting the diffusion of resilience, sustainability and adaptation 
knowledge, polices and practices. 
RE|LAB is: 
an open and dynamic network of people and a collaborative network 
flexible and open in the 'resilience' definition and approaches 
operative oriented: REsilienceLAB is an operative network supporting resilience and sustainability strategies, initiatives related 
and focussed on sharing practices and knowledge diffusion 
social oriented and no-profit 
European/international: REsilienceLAB national network is linked to European network on resilience 
REsilienceLAB involves, at the moment, more than 40 people with different backgrounds, professional positions and skills. The 
richness of REsilienceLAB is also based on this complex geography. 
Activities and purposes of the network are 
comparison of experiences and proposals (with a theory-practice-theory approach) 
promotion and support to local initiatives for the reinforcement of resilience properties of complex systems 
training and information 
networking activities 
  
National observatory on resilience practices 
In collaboration with REsilienceLAB and DAStU of Politecnico di Milano, DIST of Politecnico di Torino and CURSA Consortium, 
the Environmental sector of Fondazione Cariplo is launching a National Observatory on resilience practices. The initiatives and 
practices have to be multi-objectices (integrating different components of complex systems and resilience approaches) and 
have to include environmental strategies. 
The 'observation' refers to different aspects which reflect the different goals of the research: 
Mapping resilience practices/initiatives (practices path).The 'mapping' concept refers to understand local factors that influence 
and characterise initiatives in relation to different keys of interpretation. 
Methodological path: the scientific and methodological advancement is based onresearch applied to initiatives. Tools include 
both evaluation and interpretative method and design/actions to support resilience experiences. 
Cultural path: the development of conceptual instruments for the dissemination of resilience approach. The multiplicity of 
resilience definitions and approaches will be highlighted and tackled based on practices rather than theories.  
Networking path: national and international networking. 
The paper will present the advancement of the Observatory and its main goals, together with developed and on-going actions 
and products. 
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Disaster risk and losses are expected to grow despite efforts made in this arena the last decades. To this end disaster risk 
reduction and climate change adaptation are likely to sustain their significance as a policy and practice field. 
Disaster risk reduction (DRR) has been traditionally in the hands of governments. Recent disasters as well as developments in 
climate change mitigation and adaptation indicate a growing role for the private sector and the civil society. Data, information 
and knowledge production, exchange, sharing, maintenance and usage become central in the new scene of players in DRR. 
Moreover, as the landscape of risks and hazards gets more complex and uncertainty increases knowledge turns out to be even 
more crucial for disaster risk reduction and climate change adaptation. 
There is little dough that knowledge on risk and hazards is mounting and lessons are learnt after each disaster. However there 
seems to be complicated, context and case dependant processes towards the usage of knowledge that must be investigated 
further. This is the focus of KNOW-4-DRR Project (www.know4drr.polimi.it) which examines how knowledge could promote 
DRR policies and their implementation. 
Based on results attained within KNOW-4-DRR project, the paper presents how the current financial, economic and social crisis 



in Greece affects knowledge production and management and at the end its usage for disaster risk reduction. It examines the 
processes enabling knowledge for DRR within and across the public sector, the civil society, the private sector and also, the 
scientific community as a distinct yet crosscutting group. It brings up challenges and catalysts along knowledge production, 
exchange, sharing, maintenance and usage within the midst of current crisis. Finally the paper discusses the role of ICTs and 
Web 2.0 technologies in disaster risk reduction alongside EU policies promoting smart cities and looks for DRR concerns in on-
going efforts of Greek cities on their way to become 'smart cities'. 
 
 
Policies of resilience in the new kind of institutional process by local administrations. The case of Siracusa in the south of the 
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At the end of 2012 the U.E. policy for the city (urban Agenda) produced in Italy the national program PON METRO reserved to 
14 Italian metropolitan cities including three of them in Sicily. This support program for Smart city policies and practices has 
permitted to cities such as Palermo to experience and fulfill resilience objectives also focused on urban mobility and 
sustainable energy issues for the qualification of urban life in an integrated way to social inclusion. The other medium-sized 
cities have also tried to address the urban resilience issue without national contributions as the city of Siracusa did. 
Following the IBM Smarter Cities initiative that, in four years, has awarded worldwide 116 municipalities (Syracuse is the only 
Italian one), Syracuse has promoted a program of activities in innovation and policies 'smart' . Among the most important 
activities we can remind: 
a) the award of the tender organized by the National Research Council (CNR) in agreement with the National Association of 
Italian Municipalities (ANCI) 'energy from renewable sources and ICT for energy sustainability'; 
b) the selection, by the city of York (UK), as a partner in the program of exchange of good practices for the project PILOT 
URBACT II - PLATFORM Genius; 
c) the award of the prize Smart City Roadshow SMAU Rome in 2014 for scoring, in collaboration with IBM, the project 'Love 
Syracuse City Index'. 
This paper takes an empirical approach to the research topic and covers a trend exploration and experience gained in Sicily in 
the last years. In particular, it has been analysed the case of policies and practices promoted by the City of Syracuse on Smart 
City matters in comparison with those ones of the City of Palermo. From this comparison, the conclusions show that despite 
the uniformity of occasions (EU, national, regional, etc.). Are highly differentiated commitments and processes of the Sicilian 
authorities for planning and implementing smart policies regarding to the real problems of urban resilience. This leads to the 
hypothesis that the need for a regional policy that is not limited to the offer of financial resources but shall be constitute a 
laboratory for experimentation that concerns the whole set of cities without favoring some over the others, and found a 
platform for sharing experiences and discussion on concrete practices of urban and territorial resilience. 
 
 
Between smart and resilient city: the integrated Urban Saving Energy Model (UrbanSEM) 
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Climate change, energy issue and urban population growth are the main themes on which the scientific debate is focusing. The 
urbanization process is expected to growth and while cities are attracting a growing population, they have become a source of 
environmental concern. Cities are responsible for 67% of the global energy consumption and more than 70% of the GHG 
emissions. Therefore, in the last decades, different approaches to face these societal challenges have been proposed in 
literature. This paper focus on two widely debated approaches: the smart and the resilient city paradigms. Among the 
definitions of smart cities, we consider it as a city able to function as an integral part of a larger system that also regards 
human capital and ITCs in the transition towards a more sustainable model (Papa et al 2013). The characteristics of the smart 
city should include the urban adapting abilities to external perturbation factors, since climate change and shortages of 
available energy resources force cities to reorganize themselves (Papa 2014).The improvement of urban resilience should take 
place in parallel with the enhancement of the urban smartness, as they can be considered two faces of the same coin: the 
application of smart technology provides an innovative solution to pave the way to a low-carbon city. This, in turns, makes 
cities more able to face the imminent energy crisis and so to be more resilient. Awareness of the importance of fielding 
strategies to reduce energy consumption and to mitigate the climate change impact, was a prerequisite for the development 
of the project Smart Energy Master for the energetic governance of territory, by the DICEA (University of Naples). One of the 
products is the Urban Saving Energy Model to look in an integrated manner at the characteristics of the different subsystems in 
which a city can be articulated. This paper presents the results of a complex scientific and technical procedures that, starting 
from a thorough investigation of the characteristics (deterministic) physical-functional and socio economic part of the city of 
Naples, have identified the most significant relationship between energy consumption and urban variables (main components) 
in order to identify policies, strategies, interventions and new rules aimed to promote a conscious use of energy. Last stage of 
the procedure is the development of a decision support system: an expert system that can be helpful to public administrators, 
entrepreneurs and families in defining strategies and protocols for energy saving measures. 
 



 
Lessons for a Resilient Future: Roadblocks to Climate Change Adaptation in Turkish Cities 
 Balaban 
Middle East Technical University, ANKARA, Turkey 
 
Climate change is one of the most serious threats that human settlements face today. Unless the necessary measures are 
taken, devastating impacts of climate change are very likely to be felt in cities in many parts of the world, although with varying 
degrees. Therefore, along with mitigation efforts that aim to curb global warming, actions must be taken to enhance the 
adaptive capacity and resilience of cities in the face of climate change. However, this is not an easy task and hindered by many 
challenges and barriers. In many countries, formulation and implementation of policies for climate change adaptation are still 
in their infancy. Turkey is one of these countries, where we see very little progress in turning cities into more resilient and 
climate-friendly settlements. 
As being located in the Mediterranean Basin, Turkey is expected to be affected by various impacts of climate change including 
heatwaves, drought, water shortage and flash flooding. The likely climatic impacts will add to the current disaster risks like the 
earthquake risks that many cities in Turkey face. Despite the high environmental risks that cities are prone to, little progress 
has been achieved so far in increasing the resilience of cities against such risks in Turkey. This is due to several barriers in 
governance of climate change. This paper will present the current level of climate change adaptation efforts in Turkey and also 
discuss the major barriers that hinders the formulation and widespread implementation of adaptation policies and strategies 
in cities in Turkey, as one of the key countries in the South of Europe. 
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The fact that natural disasters continue to cause high social and economic losses in Europe makes the need for effective 
disaster risk reduction and climate change adaptation policies apparent. Despite considerable efforts towards disaster risk 
reduction and climate change adaptation, the risk from natural hazards is expected to further increase in many regions, a risk 
compounded by the implications of increasing urbanisation, itself a generator of risk and vulnerability that highlights the need 
to achieve greater urban resilience. 
Despite the increasing accumulation of knowledge on natural hazards and vulnerability assessment in recent decades, human 
and economic losses due to disasters continue to increase. Projections prepared by several institutions also forecast a further 
increase in losses due to trends including growing urbanisation and the related on-going concentration of human activities in 
risk-prone areas, as well as the projected effects of global warming (Know-4-DRR del. 1.2). At this point, disaster risk reduction 
and adaptation policies gain importance and attract even more attention. To this end there must be a strong joint effort of 
scientists, practitioners, decision makers, educators and civil society actors with the common goal to develop appropriate skill 
sets and solutions for disaster reduction and management in a rapidly changing social, economic and built environment. 
It is widely accepted that knowledge on natural hazards, vulnerability and vulnerability increases and each disaster leads to 
lessons learnt. 
However, the application of knowledge is by no means easy as there are not only pathways but as well barriers in the process 
of usefully deploying previously gathered knowledge. It is a complex and complicated process involving multiple levels and 
scales, as well as the need to engage a wide range of stakeholders and competencies dealing with constantly changing risks. 
Using existing knowledge more effectively is the focus of the KNOW-4-DRR project (www.know4drr.polimi.it). 
This work discusses how knowledge could promote better disaster risk reduction policies and their implementation. The 
project has already completed a detailed analysis of main knowledge fragmentation issues within and across the following 
stakeholder groups identified by the consortium: scientists, public sector (decision-makers in public and practice), private 
sector, and civil society. The presentation includes the results attained by the KNOW-4-DRR Project thorough analysis of main 
knowledge fragmentation issues within and across the four stakeholder groups in various contexts and the identified range of 
barriers and pathways in knowledge production, sharing, maintenance and usage. 
 
 
Casale Podere Rosa, Rome: impacts and constraints of an eco-friendly neighborhood network 
 Prampolini, AP Passani, KF Firus 
T6 Ecosystems, ROME, Italy 
 
Casale Podere Rosa is a non-for-profit association established in 1993 in a peripheral area in the north-east of Rome. It 
manages an old country side building, a library and some fields on behalf of the local Municipality. In over 20 years of activity 
and through the careful management of the relationships with the local institutions, it succeeded in taking advantage of the 
peculiarities of its neighbourhood and developed a wide network of activities with the aim of protecting the natural 
environment, supporting social and workers rights, spreading and promoting an environmentally sustainable way of living and 
a life-style based on better and minor consumption. Its activities include but are not limited to a solidarity purchasing group, an 
educational botanic garden, 100 urban gardens, a farmer market twice a months, an organic restaurant, the management of 



the 'Ecological Culture Centre' library, the energy production through solar panels and more. Around 500 people and more 
than 100 families in the neighbourhood benefit from and contribute to its activities and its presence strongly contributed to 
shape the current identity and quality of the surrounding area. 
The emergence and the strength of this initiative comes from the working class background of the neighbourhood and from its 
history of social struggles over the '60 and '70, which over the '80 evolved in a concrete commitment for the protection of the 
local green areas, threatened by an aggressive urbanization plan. A coordinated action involving a significant part of the local 
community managed to save the neighbourhood park (more than 50 hectares of mostly abandoned fields) and to obtain an 
old building in the proximity to keep working for a more environmentally sustainable and equitable urban life. 
The presentation will go through the evolution of the association's activities, showing the results of a scientific assessment of 
its qualitative and quantitative impacts from an environmental, economic and social point of view, including its contribution to 
the reduction of greenhouse gas emissions. It will also focus on the success factors and the distinctive traits which makes it a 
significant actor within that portion of the society which aims for a transition towards a low-carbon way of life, coming from a 
bottom-up approach. The presentation will also identify the main constraints which prevent the initiative from growing even 
further. 
 
 
Towards the Metropolitan Climate Plan of Venice: climate change adaptation design and new technologies for vulnerability 
detecting  
 Maragno, Lucertini, Musco, Magni, Verones, Dalla Fontana 
Università IUAV di Venezia, VENEZIA, Italy 
 
Addressing the challenges posed by climate change becomes essential to promote, especially at local level, a smart planning 
able to consider mitigation & adaptation measures accordingly an integrated perspective. How to design and plan taking into 
consideration both mitigation and adaptation approaches? In which way is possible to integrate climate-proof' actions into 
ordinary planning systems? 
To reach these goals, smart city's paradigm appears as a proper approach accordingly two main reasons. Firstly because 
climate change is a social problem, and only involving actively local stakeholders it is possible to implement strategies for 
adaptation and mitigation. Secondly because the concept of resilience seems to require the organization set proposed by the 
smart city's paradigm. In fact, the city can be defined resilient when it is able to absorb different external shocks (climate 
change, natural disasters, changes in the economic system), and to address a proper adaptation. Therefore, to increase the 
urban resilience it is important, first of all, to set up a framework of knowledge: innovative (for the detail of information), 
shared, and integrated. 
The Province of Venice (in a few months will be transformed in a Metropolitan City Authority accordingly a recent national 
reform of local governments) - in collaboration with Iuav University of Venice - has coordinated and promoted the Covenant of 
Mayors initiative to support its municipalities in Sustainable Energy Action Plans (SEAP) design, and currently in participating in 
the Seap-Alps project within the Alpine Space program (2007-2013). These projects premitted to define: 

� an innovative method for analysis with the use of the techniques of remote sensing, orienting spatial information in order 
to detect environmental vulnerabilities with special attention of increased by climate impacts; 

� an enlarged working group with some P.A. local pilot, in order to develop a shared guidelines, useful for planning future 
Climate Metropolitan City; 

� definition of strategies for use the ICT in order to share information and create a regional network for a Climate Plan on a 
metropolitan scale; 

� a proper scheme of interaction among ordinary planning tools and voluntary based programs (as climate plans) to implent 
in a structural way adaptation actions.  
In this perspective a proper knowledge of vulnarabilities (supported by ICT) and an actions portfolio to support local 
adaptation can represent the basic elements to start and design a wider scale plan to reduce climate impacts in Venice 
metropolitan area. 
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Since the late 1990s the sustainable development approach has been highlighted as the key paradigm of integrated spatial 
development. The European Spatial Development Perspectives' principles and policy options have substantially contributed to 
setting the overall context and at the same time EU policies, first of all environmental and cohesion policies have decisively 
supported sustainable urban development. Of course the way this context is being specified depends on the specificities and 
the willingness of each city, not to mention the characteristics of national systems of urban development and planning. For 
Greek cities the way this approach has been translated into action is crucial, among others due to their pervious poor 
performance in this field. In the mid-2010s cities are faced with new challenges while they also have to adapt their planning in 
order to exploit available funding stemming from new EU policies. During the last decade cities constituted the terrain of a 

generalized utilization of ICTs that attributed the characterization of ‘smart' to some of them. Moreover in recent years, cities 
have faced the impact of climate change and have sought ways to become resilient to this type of threat. Overall, several new 
trends have emerged in urban development, which raise the need for a new view to the way various urban policies are 



integrated. This is also the case of Greek cities which under the strong influence of the EU environmental and cohesion policies 
have incorporated the sustainability approach to urban development, at least in terms of policy rhetoric. It is also under the EU 
policies' context that various projects of smart cities are implemented in Greece. It is worth noting that 38 cases of Greek cities 

are recorded in the ‘European Innovation Partnership on Smart Cities and Communities'. At the same time in the 2014-20 
period EU cohesion policy specifically promotes climate adaptation which together with risk prevention constitutes one out of 
its eleven thematic objectives. Urban climate adaptation is gradually gaining ground in policy implementation, as evidenced by 
‘Covenant of Mayors Initiative on Adaptation to climate change' in which 6 Greek municipalities participate. This paper seeks 
to examine the above trends in urban development for Greek cities in relation to relevant EU policies. For this purpose it 
investigates initiatives for smart and resilient cities in Greece and tries to find their key elements that can constitute the basis 
of an integrated approach to urban development.  
 
 
Urban green/blue space for socio-ecological resilience in Southern European cities: a case study for Aveiro (Portugal) 
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Over the last decades green/blue spaces in cities took a secondary position in urban growth and other public concerns and, 
hence, were usually not part of spatial development and management policies. This resulted in limited public and political 
support as well as in the lack of awareness from stakeholders on the added values that these spaces could provide. It has been 
increasingly recognized, however, that green/blue spaces provide important ecosystem services, including flood risk 
mitigation, that can make cities more resilient and better prepared for climate change. In addition, green/blue spaces lead to 
more compact cities and stimulate higher real estate prices. 
The recent economic crisis has, however, put additional pressure on the establishment and/or rehabilitation of green/blue 
spaces. Adaptive measures have been proposed to make cities less vulnerable to economic crises, with particular focus on 
diversification of economic activities. We argue that green/blue spaces play an important role in making cities more resilient 
and better prepared for economic crises. 
This paper aims to show how the Sustainable Urbanizing Landscape Development (SULD) decision support tool can be used to 
assess and compare the impacts of location-specific green/blue space projects and socio-economic scenarios on residential 
development, population density, social mix, household living space and real estate value. SULD is a spatially-explicit hedonic 
pricing simulation model, based on an analytical urban-economic model with environmental amenities and that builds on 
hedonic pricing theory to determine real estate markets and values as a function of proximity to urban centres and 
environmental amenities. 
Results for the Aveiro case study show that green/blue space establishment leads to a more condensed city with higher real 

estate values - resulting in a net increase in total real estate value (up to 0.8 m� per year). In case this green/blue space is 
designed as potential retention basin, low risk though frequent flood events can be reduced or even avoided - providing 

benefits of up to almost 2.0 m� per year. The economic crisis scenario leads to a smaller city and mixed impacts on real estate 
values - leading to a net and significant decrease in total real estate value (-10%). Finally, the combined green/blue space and 
economic crisis scenario shows that the impacts of the economic crisis are dampened in case the green/blue space has been 
established - the contraction in urban residential area being less strong and the decrease in total real estate value less severe. 

3.6 Reconciling adaptation and mitigation in cities: Part I - The science basis: Recent 
methodological advances 

Demonstration of integrated long-term urban pathways for climate change adaptation 
 Kingsborough, Hall 
Environmental Change Institute, University of Oxford, OXFORD, United Kingdom 
 
Cities are complex systems and urban resilience is affected by multiple climate risks including floods, droughts and heatwaves 
(Hall et al., 2009, Hunt and Watkiss, 2010). Despite the uncertainty, decisions need to be made that will affect the resilience of 
urban areas for the rest of the century and beyond (Hallegatte, 2009). 
Adaptive management approaches that promote flexibility and robust outcomes are required. City scale adaptation planning 
needs to: demonstrate the benefits of proposed strategy or plan; be evidence-based; contribute to the communication of a 
clear message; recognise existing institutional structures and challenges; be timely and affordable; and scale appropriate. 
Adaptation is a long-term process of adjusting to changes over time. Flexibility and robustness may be incorporated into 
adaptation plans through the development of adaptation pathways (Ranger et al., 2013, Haasnoot et al., 2013) 
This paper demonstrates how adaptation pathways have been developed for city scale adaptation planning in London in 
response to increasing drought risk. Portfolios of actions focussing on spatial planning, infrastructure, green infrastructure and 
behaviour change have been identified and then utilised in the development of pathways. Risk based metrics are used to 
evaluate the effectiveness of each pathway within a multi-criteria assessment framework. 
There are multiple interdependencies to consider in adaptation planning, strategies will need to be coordinated across sectors, 
governance boundaries and spatial scales (Wise et al., 2014). Utilising a pathways approach for long-term water supply that 
builds upon the cities' experience in long term flood risk management and can be utilised in response to other climate risks, 
such as surface water flooding and heatwaves, will help London further develop a coherent adaptation strategy. 
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The risk of heat wave in a city is determined by two evolving factors,the regional climate and the cities spatial development, 
because of heatisland effect. Land planning and urban transport policies can thereforeplay a role in heat-wave risk mitigation 
due to their long-lasting impact on cities shape. However, the link between these policies and theresulting change in urban 
heat island effect is far from direct, and notyet clearly understood. Using the Paris urban area as a case study, weanalyze in this 
work how different urban development scenarios impactthe urban micro climate and risk of heat wave 
We show that spatial evolution towards a denser city could lead toincreased risk of heat wave when compared with spatial 
evolutionstowards urban sprawl. However, this increased risk depends strongly onthe way heat-wave risk is measured, and on 
the indicators used tocharacterize the heat island effect. Indeed, the amplitude and thespatial extension of the urban heat 
island are only moderately impactedby the city densification scenario choice. However, populationdistribution across the city is 
different, and, when the city is denser,population density tends to be higher in places more impacted by heatisland effect, i.e. 
in the small area of the city centre. This makestotal population exposure to heat higher in dense city scenarios. 
To obtain these results, we use an interdisciplinary modeling chain,including a socio-economic model of urban expansion and 
aphysically-based model of urban climate. Air temperature in the cityduring heat waves is simulated for five prospective 
scenarios of Parisurban area spatial expansion and development. These scenarios differ interms of land planning policies 
simulated, but are otherwise similar(e.g. in terms of total population evolution). Whether heat-wave riskvariation due to 
densification should be considered significant or notultimately depends on a fine analysis of how vulnerable we are to heat. 
 

 
Barriers and opportunities of integrating climate change adaptation and mitigation: Exploring the interrelationships 
between adaptation and mitigation actions in urban areas 
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The lack of scientific knowledge often constrains cities and urban policy makers when they develop and implement local 
climate change action plans. The aim of this paper is to present some results from the work of the Urban Climate Change 
Research Network Second Assessment Report on Climate Change and Cities (ARC3-2) exploring the interrelationships between 
adaptation and mitigation in cities. Drawing lessons from selected case studies, the paper will illustrate the need and 
importance of building a robust climate knowledge base in cities to support them in developing local climate change action 
plans that address both adaptation and mitigation while looking at their synergies and trade - offs. The paper analyzes and 
discusses the main challenges that cities face when developing integrated local climate change actions as they have been 
identified in selected case studies. These challenges are classified and analyzed according to different multilevel scales. 
Furthermore, the paper presents the development of a diagnostic analytical framework of looking at the barriers and 
opportunities of integrating climate change adaptation and mitigation in local climate change planning. The paper introduces 
the notion of 'structural elements' that define to a large extent cities' capacity to adapt and mitigate. 'Technical means and 
resources' that cities have (or have not) at their disposal could enhance (or limit) cities capacity to adapt and mitigate. The 
session discusses the experiences of selected cities that have developed climate change action plans, analyzing the barriers 
and opportunities of integrating climate change mitigation and adaptation aspects. Based on these experiences the paper aims 
to draw lessons learned and guidelines to support cities to better integrate adaptation and mitigation objectives in their 
climate action planning processes.  
 
 
Green infrastructure strategies for climate change in urban areas 
 Pauleit, Ms. Zölch, Mr. Maderspacher, Mr. Lang 
Technical University of Munich, FREISING, Germany 
 
Urban green infrastructure (UGI) offers various benefits for climate change adaptation, notably by reducing the urban heat 
island effect and stormwater runoff, increasing thermal comfort for outdoor recreation and promoting biodiversity; for climate 
change mitigation by reducing cooling energy demands and carbon sequestration. Still these different goals are rarely 
considered together in urban planning. The Centre for Urban Ecology and Climate Adaptation, funded by the Bavarian Ministry 
of the Environment and Consumer Protection, seeks to address these challenges in an inter- and transdisciplinary approach 
with partners from two Bavarian cities. The project aims to develop integrated strategies for climate change mitigation and 



adaptation which are supported by evidence from rigorous scientific study. 
The benefits of UGI for outdoor as well as indoor thermal comfort and buildings' energy demand are assessed by a novel 
modelling approach coupling microclimate modelling with thermal building simulation. The microclimate modelling software 
ENVI-met is used to simulate the surface-plant-air interaction in an urban neighbourhood. We use the model to analyse 
outdoor thermal comfort conditions in different urban greening scenarios. The scenarios differ in the share of green space by 
implementing measures like roof and faade greening, tree plantings and parks. In order to evaluate the effect of these 
scenarios on indoor thermal comfort and buildings' energy demand, we employ IDA-ICE, a building performance simulation 
tool, and couple it to the modelling outputs of ENVI-met. Then, a multi-criteria decision making approach will inform on which 
UGI scenario should be prioritised because it shows the largest benefits for mitigation and adaptation simultaneously. Further 
criteria for assessment will include dimensions of quality of life and biodiversity. The approach is applied in typical urban 
fabrics within two Bavarian cities, Munich and Würzburg. 
Results show the varying effectiveness of UGI scenarios in reducing thermal loads in outdoor and indoor spaces and the energy 
demand at building level during hot summer days. They provide evidence for effective integration of mitigation and adaptation 
planning at urban neighbourhood scale. Results are expected to serve as decision support for urban planners and the city 
administration to realize implementation of UGI measures. The paper will present the conceptual framework for this research 
and discuss the synergies and trade-offs for climate change mitigation and adaptation of different UGI strategies. 
 
 
Urban resilience and adaptive design in a multi-risk framework: challenges and co-benefits from an integrated approach to 
geophysical and climate change hazards 
 Leone, Zuccaro 
Università di Napoli Federico II - PLINIVS-LUPT Study Center, NAPOLI, Italy 
 
Built environment, and specifically urban areas, represent the key issue for reducing risk for population and economies 
towards multiple sources of hazards. Most of the population growth of the last decade has been in fact concentrated in the 
metropolitan urban and suburban areas, already characterized by high levels of exposure and vulnerability, where the 
increased human pressure, in the absence of effective mitigation/adaptation policies, has contributed to aggravate the risk 
factors and the energy/environmental weight of existing building stock. At the same time, the concept of urban resilience 
dramatically affects green buildings and eco-districts design, requiring sustainable and 'Zero Energy' approaches to be 
integrated within strategies for the assessment of long-term risks associated with natural hazards and alternative adaptive 
solutions to be implemented. 
The scientific research effort in the last decades in the field of risk science and spatial planning has often focused on a 'single 
hazard approach', whether geophysical o climatological, without considering a systemic approach in the field of risk 
management and planning aimed at risk adaptation and mitigation based on a multi-hazard framework, able to determine 
potential impacts and cascading effects generated by a variety of natural hazards and their consequences on social and 
technological systems. One of the objectives of the 'resilience based' research and planning approach is to include geophysical 
hazards mitigation as a complementary topic to climate change induced hazards adaptation, to foster a comprehensive 'all-
hazards' approach, considered as a value added for the implementation and cost-effectiveness of potential governance, 
planning and design actions on the built environment. The key drivers perceived by local stakeholders as barriers to effective 
implementation of mitigation and adaptation measures to the different sources of hazard are the uncertainty about the extent 
of risks on a given territorial area and the cost, the socio-economic impact and the political implications of alternative 
adaptation/mitigation strategies. 
The paper will illustrate how co-benefits arising from an integrated approach to geophysical and climate change induced 
hazards can represent a paradigm shift in the field of urban retrofitting and adaptive design, dramatically increasing the 
attractiveness of investments due to the potential of reducing their return period, maximising the financial viability and 
fostering public-private partnerships. Experimental applications in the Metropolitan area of Napoli (IT) related to mitigation of 
seismic and volcanic risk at Vesuvius, coupled with climate change adaptation/mitigation strategies, will be discussed. 
 
 
Role of water in the thermal comfort of urban areas 
 Solcerova, F H M Van De Ven 
TU Delft, DELFT, Netherlands 
 
Extensive urbanisation in last century caused the need for understanding the urban climate, which can differ significantly from 
climate of rural areas. One of the major differences is the higher temperature caused by different energy balance of cities 
compared to natural areas. This phenomenon is generally referred to as Urban heat island. The causes and possibilities to 
mitigate the UHI is being extensively researched in order to avoid the undesired effects of high temperatures. Especially at 
night UHI can cause sleep deprivation and consequent health problems. One of the most important self-cooling mechanism of 
cities is a presence of water. Water presents itself not only in form of ponds and rivers, but also as a necessary requirement for 
healthy growth and evapotranspiration of vegetation. Both, open water and vegetation, has been thoroughly investigated with 
respect to their cooling power and its dependency on their size, shape, and positioning with respect to city centre. On the 
other hand, the physical background of these processes is not well researched and often discussed. We investigate the cooling 
power of a urban pond in Delft (NL) and aim to estimate the causes of the observed cooling. A detailed (2mm vertical 
resolution) measurement was done in an urban pond covering the whole profile from the muddy underlayer up to ca 1m 
above the water layer. The resulting data show the heat transfer between water surface and air and also the limiting factors of 



this transport and possible restriction of evaporative cooling. Second studied area was an extensive green roof in Utrecht (NL). 
A green roof normally performs as a cooling element of the city by converting part of incoming radiation to latent heat. 
However, when is the same green roof deprived of sufficient water supply and dries out the temperature above such roof run 
even higher than above traditional white gravel roof. Both mentioned studies point out the strengths and weaknesses of these 
commonly used UHI mitigation strategies. 
 
 
Integration of adaptation and mitigation in risk management - a local perspective 
 Sjödin 
UNISDR UPAG, City of Karlstad, KARLSTAD, Sweden 
 
Climate change adaptation measures and disaster risk reduction measures are often very expensive for a city. By integrating 
them with mitigation and the comprehensive city planning, the city will achieve several synergy effects and the costs will be 
shared. The presentation will address the synergy effects that cities can achieve from working with integration of adaptation 
and mitigation measures in risk management. It will also address the importance of implementing risk management in urban 
planning. The speaker will use experiences from City of Karlstad, Sweden. 
 
 
Imagining urban futures in climate change strategy-making - agility and novelty of small nation 
 Roose, Gauk 
University of Tartu, TARTU, Estonia 
 
Disasters resulting from extreme weather events like heavy rainfall, violent storms, flooding and heat-waves have their 
greatest direct impacts at urban scale where the high concentration of people and assets and the slow buffering capacities of 
high-density impervious environments are the key factors of vulnerability. This study investigates the impacts of climate 
change on fourteen urban regions in Estonia, small, open and neo-liberal country where rapid socioeconomic transformations - 
processes of urban growth and shrinkage, metropolisation, suburbanisation and peripheralisation - are shaping inter alia the 
resilience and the capacity to mitigate and to adapt. The modeling scheme focused particularly on urban land use, population 
dynamics and climate change indicators in order to determine the key challenges, risks and opportunities of Estonian cities and 
towns amidst complex changes in society and climate. Although cities located in the flood-prone coastlines in Western Estonia, 
where the impacts of more extreme climatic events and sea level rise pose a greater risk to disasters are expected to lose one 
quarter of their population by 2040, thus reducing the overall exposure and risks to lives and livelihoods, they are also 
expected lose current adaptive capacity. However, the two growth poles - Tallinn and Tartu - are faced with different 
challenges as the densities and commuting distances fall beyond feasible thresholds due to urban sprawl. Therefore, mitigation 
and adaptation strategies as interrelated concepts should be elaborated and set in synergic mode for pre-existing 
socioeconomic and environmental conditions. Climate impacts vary significantly and fluctuate within definite geographical 
areas. Urbanplanning and design has a key role to play in defining the resilience of urban areas. In order to invest in solutions 
that will not only deal with the climate change, but will also boost the socioeconomic development, increase the 
energysecurity and mitigate the environment impacts simultaneously, planning have to adjust short-term plans within long-
term vision. Uncertain cause-effect relations turn to bold objectives due to policy engineering on EU and nationallevel instead 
of creative discovery, multiplicity of urban conditions, interpretive understanding and common sense at urban level. Assuming 
that small country - naturally agile and dynamic in societal development with high dependence on EU investments - adapts 
quicker, hence seeks adaptive and place-based variance and novel facilitation. 
 
 
Reconciling Adaptation and Mitigation in Cities: The RAMSES Integrated Assessment modelling approach 
 Dawson, ACF Ford, CLW Walsh, VG Glenis, SLB Barr 
Newcastle University, NEWCASTLE UPON TYNE, United Kingdom 
 
The RAMSES FP7 project is developing an integrated assessment modelling approach that enables decision-makers to explore 
tradeoffs and synergies between adaptation and mitigation strategies at the city-scale. We shall introduce the framework 
being developed, and initial case study results from an application in London (UK), before considering the challenges of 
integrated modelling. 
 
 
Optimised spatial planning to reconcile adaptation and mitigation objectives 
 Dawson, SLB Barr, DCM Caparros-Midwood 
Newcastle University, NEWCASTLE UPON TYNE, United Kingdom 
 
Urbanisation, environmental risks and resource scarcity are but three of many challenges that cities must address if they are to 
become more sustainable. However, the policies and spatial development strategies implemented to achieve individual 
sustainability objectives frequently interact and conflict presenting decision-makers a multi-objective spatial optimization 
problem. This work presents a spatial optimization framework, developed to optimize five sustainability objectives from our 
case study site: (i) minimizing risk from heat waves, (ii) minimizing the risk from flood events, (iii) minimize travel costs to 
minimize transport emissions, (iv) minimizing the expansion of urban sprawl, and (v) preventing development on green-spaces. 



The framework is applied to case studies in the NE of England and London. A series of optimised spatial configurations of 
future development strategies are presented. The results compare strategies that are optimal against individual, pairs and 
multiple sustainability objectives, such that each of these optimal strategies out-performs all other development strategies in 
at least one sustainability objective. Moreover, the resulting spatial strategies significantly outperform the current local 
authority strategy for all objectives with, for example, a relative improvement of up to 68% in the performance of distance to 
CBD. Based on this results, it suggests spatial optimisation can provide a powerful decision support tool to help planners to 
identify spatial development strategies that satisfy multiple sustainability objectives.  
 
 
Urbanization, development, and CO2 emissions: results from a meta-study 
 Rybski, Reusser, Winz, Fichtner, Sterzel, Kropp 
Potsdam Institute for Climate Impact Research (PIK), POTSDAM,, Germany 
 
Analyzing CO2 emission figures of more than 250 cities from various countries we find allometry between the emissions and 
city size, measured in population. The exponent depnds on the GPD/cap of the considered countries. The results suggest that 
in developing countries large cities emit more CO2 per capita compared to small cities, i.e. they tend to comprise super-linear 
correlations. For developed countries the results suggest the opposite, i.e. linear or sub-linear correlations, implying better 
efficiency of large cities. Surprisingly, a similar picture is found for the fundamental allometry between city population and city 
area, indicating that the density might play a decisive role. We also derive how the total urban emissions of an entire country 
relate with the power-law correlations and find that the size of the most populated city is dominating in the case of linear and 
super-linear correlations, while a transition occurs to sub-linear correlations, where the size of the largest city has no influence. 
We conclude that from the climate change mitigation point of view, urbanization is desirable in developed countries and 
should be avoided in developing countries, if efficiency increasing mechanisms can not be established. 

3.7 The impact of climate change on the planning and architectural design 

Inundation Probability Analysis for Land Use Planning under Climate Change 
 Kim, Sung, Lee 
Seoul National University, SEOUL, Republic of Korea 
 
Inundation is one of the common natural risks in urban areas. Recently, localized heavy rain causing inundation has been 
increasing under climate change. To address the problem of urban inundation, more damage prevention systems are required. 
However, there is a limit on expanding the capacity of the systems in the developed areas. Therefore, it is necessary that 
inundation risk is considered from the initial stage of urban planning. It is important to know where inundation could be 
happened for planning the flood adaptable cities. 
This study estimated the future flood depth in Gimpo area which was prone to floods and would be developed by new land 
use plans in Korea. Regression analysis was conducted to define the flood depth. For the independent variables, the spatial 
data that influence the flood depth was obtained. Independent variables to flood occurrence such as precipitation, slope, the 
distance to river and impervious area were selected. In order to reflect the future precipitation in the defined regression 
equation, RCP scenarios were used. The probability distribution of daily and accumulated rainfall (1km*1km) was established 
and applied to the model by monte carlo simulation to determine parameter uncertainty. 
As a result, the location with strong possibility of inundation was derived. Under RCP 4.5 scenario, average flood depth and 
maximum flood depth would be increasing in 2030 and 2050. According to the results, in the future, the areas with maximum 
flood depth and about the average flood depth will be increasing across the target. The results of this study can be useful in 
establishing safer land use plan for inundation impact by climate change.  
 
 
The climate change adaptation roadmap; a novel tool to support architects and urban designers 
 DUBOIS 
Centre de recherche en aménagement et développement de l'Université Laval, QUÉBEC CITY, Canada 
 
For mid-latitude cities, higher summer temperatures due to climate change are a cause for concern because they aggravate 
the urban heat island phenomenon (UHI) and reduce thermal comfort inside buildings. Their populations are more greatly 
affected as they are not acclimatized to extreme heat. The decisions architects and urban designers take, either at the urban or 
at the building scale, can be effective in reducing the UHI effect or improve a building's passive cooling capacity. The success of 
adaptation measures depends however on the knowledge and skills of professionals. Two workshops bringing together 
architects and urban designers provided evidence of deficiencies in this area. The scientific literature on the issue of climate 
change adaptation is abundant and recent, but it is difficult to transpose it to the practice of architecture and urban design. A 
design support tool (DST) centered on this issue could help improve knowledge and skills of professionals in the field, because 
it can link design to science. 
In order to propose a tool able to guide practitioners through the design of a project adapted to higher summer temperatures 
in Quebec City, Canada, a mid-latitude city, a research strategy based on the participation of architects, urban designers, 
engineers and graduate architecture students was implemented. The participatory approach fosters two-way learning. From 
the designer's perspective; what can I do to support climate change? Where do I find the appropriate information? What are 



the most effective adaptation strategies? From the scientist's perspective; what do designers know exactly? How do they 
work? How do they integrate new knowledge in their practice? 
This paper presents the 'Climate change adaptation roadmap' the main outcome of this participatory research. The roadmap is 
a non-deterministic tool, well suited to the design process. It allows architects and urban designers understand the interactions 
between: i) three climate change adaptation and mitigation targets, ii) three different scales of intervention and iii) four 
catalysts of action. The roadmap includes two parts: the first aims to improve the practitioners understanding of the key issues 
of climate change adaptation through a graphical and systemic organization of knowledge. The second seeks to target and 
prioritize design support tools that enable practitioners to acquire or enhance their knowledge on a self-learning basis. For 
architects and urban designers to become key actors in adaptation to climate change, achieving these two educational goals is 
required, and that is precisely the purpose of the roadmap. 
 
 
Using SUDS as a tool when separating rainwater from wastewater in existing living areas 
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Separating rainwater from wastewater in the sewer system is a highly used method to reduce volumes in the pipes and make 
room for additional water owed to the current climate changes. 
Most often such projects are conducted by establishing separated piping systems for rain and wastewater respectively. In 
Risvangen in Northern Aarhus however no rainwater pipes are dug down. Instead all rainwater will in the future be handled on 
the surface using various Sustainable Urban Drainage Systems (SUDS). 
Today SUDS-methods are used in many land development project. In these cases no rainwater pipes are ever established, and 
new plot owners know up front, that they have to handle rainwater on the surface. In Risvangen the citizens are used to having 
their rainwater removed via the combined sewer system and the project therefore entails extensive citizen involvement. Some 
house owners find the new recreational solutions fantastic, but as a utilities company forcing this change on the designated 
areas, you also have to deal with the skeptical voices, and you have to be very through and very sure that you have made the 
right choice, to be able to steer the citizen involvement process in the right direction. 
Fortunately the reasons for choosing to implement SUDS are many: 
The existing sewer system stays, but will only be used for wastewater. 
SUDS are easier to adjust to cloudburst and can more easily be adapted to future climate changes. 
SUDS offer a wide range of recreational opportunities, both on private property and in public areas. 
Since SUDS are also the most commonly used tools for climate adaptation and cloudburst protection, these elements are an 
integrated part of the Risvangen-project. When designing the solutions for handling rainwater on the surface, the expected 
water volumes in case of cloudbursts have been thought in, and percolation and holding solutions take calculations of future 
flooding risks into account. Aarhus Vand has decided that all sewer systems renewals must include climate adaptation 
measures. 
In the presentation the new way of using SUDS will be presented and the pros and cons of such a project discussed. Getting 
the citizens on board is a crucial yet difficult task, and the extensive efforts made by Aarhus Vand to ensure a successful 
implementation will be explained. Furthermore the synergies between sewer systems renewal and climate adaptation 
especially in case of replacing rainwater pipes with SUDS will be included in the presentation. 
 
 
Impact of infiltration from rain gardens on near surface groundwater tables in urban geological settings 
 Rasmussen, MIK Kristensen, NIB Bischoff 
EnviDan A/S, KASTRUP, Denmark 
 
In the area Risvangen situated in the northern part of Aarhus, Denmark, the utilities company Aarhus Water would like to 
handle rainwater by SUDS (Sustainable Urban Drainage Systems) especially by establishing rain gardens. Risvangen is a 
suburban neighbourhood holding mainly detached family houses with basements. By extensive use of percolation there is a 
risk of more humid basements. 
A detail hydrological model is set up for mapping suitable areas for rain gardens and studying the effects of percolation. A high 
level of detail is needed as lot of small scale features are believed to be important. Rain falling on rooftops is transferred to rain 
gardens on the same property; how does this affect the humidity I the basements? Foundation of gravel under roads and 
around pipes can act as pathway for subsurface flow as the hydraulic conductivity can be many times higher than the sounding 
clay till. 
The starting point for the detailed hydrological model is the National Water Resources Model (DK-model). A local model is 
established allowing a model resolution of 10 by 10 m in the horizontal plane and introducing more layers. The local Risvangen 
model is updated with small scale features like buildings, roads and sewer systems besides a detailed terrain. 
By identifying houses and gardens suitable for rain gardens, model simulations are run to examine effects of climate changes 
also including implementation of rain gardens. Model simulations show only minor raise in the secondary shallow groundwater 
table due to climate changes; whereas rain gardens result in a general raise in the groundwater table in the order of 50 cm. 
The model shows percolation can be problematic in most areas of Risvangen and even today many house owners may 
experience problems during larger rain events. However a number of scenarios introducing fewer rain gardens are used to 
identify optimal locations where rain gardens are not affecting nearby houses and basements. 



This model exercise is an example of detailed quantification of infiltration possibilities using available data. The model is 
validated on existing data but there is a need for a more thorough validation. Therefore a monitoring campaign of the shallow 
groundwater in Risvangen is planned. Results of the campaign will allow quantification of the models ability to simulate the 
secondary groundwater table in urban areas. 
 
 
SCALGO Live as a screening tool in cloudburst-planning 
 Winther, Uggerby 
EnviDan A/S, AARHUS V, Denmark 
 
In recent years we have seen an increasing number of high intensity rainfall events and the expectation for the future is more 
frequent extreme events due to climate changes and new rainfall patterns. 
In order to be better prepared the Danish municipalities are required to make climate adaption plans including a mapping of 
areas in risk of being flooded. The first climate adaption projects have already seen the light. Since the sewer system during 
cloudburst will be overloaded, the overall strategy is to control the flow routes of the cloudburst runoff on the surface and 
where it ends up. All of this in order to minimize the risk of or damage caused by flooding.  
The availability of high quality terrain maps gives a good foundation for analyzing and pointing out critical areas and flow 
routes. Also future terrain modifications and the effect on the flow paths can be worked into these maps. Analysis can be 
made using different GIS-routines in which some can be rather time consuming if different scenarios need to be tested. 
Tools, as SCALGO Live, which can do these routines and visualize the output rapidly, can be important in providing an overview 
of the consequences of different plan designs and facilitate the work between engineers and landscape architects in the 
planning phase when lines of the solutions are drawn. 
In this presentation we will introduce a case from Risvangen in the city of Aarhus, Denmark, where high quality terrain maps 
was used in the planning of new cloudburst routes and areas with controlled flooding. In order to stepwise analyze how 
different changes in the terrain would affect the cloudburst routes, the Flash Flood Risk toolbox from SCALGO was used.  
 
 
Innovative Water Concepts: Sustainable regeneration and climate change adaptation in East Napoli .  
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Climate change increasing impacts appear to be sharpen by current territorial processes, making it urgent to act in urban areas 
on both effects and causes of urban ecosystem alterations. Urban resilience to climate change depends on the capacity of an 
urban system to keep the ecological balance between ecosystem and built environment, aiming to reduce risks and 
vulnerabilities. This assumption, as conceptual framework for the resilience of urban systems, is the basis of climate change 
adaptation and mitigation strategies which, with their innovative water management integrated in the design of buildings and 
open spaces, are proven to be effective as urban sustainable regeneration practice. This work provides a brief outline of an 
experimental design methodology consisting in transferring innovative concepts and design strategies for an integrated water 
management, already strengthened at European level, in a suburb area of East Napoli (Italy).The Innovative Water Concepts, 
practiced in the city of Berlin and included in sustainable urban policies, guidelines and pilot projects, are declined in a 
different territorial context, where the specific environmental, cultural and social issues are essential to define appropriate 
strategies for the resilience of the urban system. 
The case study proposed, Innovative Water Concepts: sustainable regeneration of an urban block in East Napoli, is a design 
project in a suburb area of East Naples, developed on a new water management to respond to changing climate inside the 
built environment, finalized to start regenerative changes significant for specific site conditions.The proposal focuses on 
developing the Innovative Water Concepts in a retrofit process that points to architectural and environmental high quality. In a 
systemic perspective, the urban block is conceived as a symbiotic network, functions are integrated in the design of green 
spaces and water management systems. The adopted strategies follow a multi-scale logic designing climate change adaptation 
options at urban and building scale, effective to reinforce the adaptive capacity of urban blocks . Thereby the design solutions 
redefine spatial hierarchies, axes, meeting spaces, common and private gardens in synergy with permeable paving, vegetated 
surfaces, green roofs and facades, water recycling systems. The suggested design process, based on the sense of community, 
acts on social sustainability aiming at developing a new notion of the block as 'resilient cell', a core inside a complex urban 
system, stressed by climate change challenges and natural resource crisis. 
 
 
Challenges for the urban water infrastructure through city development and climate change in the context of urban flood 
risk 
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Networks of infrastructures like the sewer system or water support facilities are characterized through a long life cycle over 



decades. Foresighted planning and the assessment of future dynamics and changes of boundary conditions are of central 
importance for sustainable settlement development. Climate change and settlement developments can sustainably influence 
existing systems and thus it is necessary to develop and implement adaptation measures. 
Urban flooding is a rapidly emerging risk and global phenomenon. In order to face this emerging situation, decision makers and 
the general public has to be informed and addressed about the current situation and potential pathways of the complex future 
to develop and implement appropriate adaptation strategies. 
The presented study was conducted in the Alpine City of Innsbruck, which was several times affected by small and medium 
scale urban flood events. The city is characterised by very high relief energy of the surrounding mountain chains, the frequent 
occurrence of heavy precipitation events, an almost exhausted potential for further settlement development, and a significant 
growing pressure due to population growth and socio-economic changes. Thus, critical situation of the system performance 
and the selection of efficient adaptation measures with respect to urban flood risk must be analysed and assessed with a risk-
based approach. 
Risk is here analysed with a coupled model chain. This model chain includes surface-subsurface simulations whereby climate 
change is taken into account by measured precipitation events and statistically downscaled climate change projections. The 
expositions and consequences are identified on the basis of a detailed urban fabric model and a vulnerability approach, 
adapted to the specific study setup. For each temporal defined baseline scenario of the settlement structure from the present 
day to the future, critical precipitation situations are analysed with the model chain, which finally results in vulnerability and 
risk maps. These results are then systematically compared with model runs considering different adaptation measures. 
Thus, future risk situations for the baseline scenario and alternative scenarios of settlement structures can be identified and 
different technical adaptation measures within the urban water infrastructure can be compared. The herewith depicted 
hotspots of risk clearly identify spaces of priority on the surface for further adaptation measures on the subsurface level. The 
results are presented with a dynamic Web GIS application for general awareness building of the public and as decision-
information system for sustainable city development. 
 
 
Zernez Energia 2020+: Energy planning or how to plan a zero emission community 
 Cisar 
ETH Zürich, ZÜRICH, Switzerland 
 
This paper explores trans disciplinary strategies to combine architecture and urban planning informed by ‘Energy Planning' in 
order to address climate change mitigation on municipal level. 'Energy planning' is introduced as instrument to implement zero 
emission retrofit strategies for the entire building stock of districts and neighborhoods, as well as a energy neutrality 
considering heating and electricity. The presented research is based on a project financed by the Swiss Commission for 
Technology and Innovation (CTI) and was led by an interdisciplinary team at ETH Zürich in close collaboration with industry 
partners and a alpine municipality as client. The project addressed the scale of buildings, but in order to suggest autarkic 
strategies - every building for itself - a clustering approach would reveal through analysis of surveyed data of energy 
consumption and emissions that solely a third of the buildings would require a retrofit to achieve the over all zero emission 
goal. On municipal level the energy infrastructure was evaluated. Local and participatory energy networks were suggested to 
combine the support of individual owners as well supported by retrofit analysis and defined by financial subsidies of the 
municipality itself. A review of past planning practices helped establish an action plan for future planning, and interventions to 
ameliorate the existing building stock to accommodate a zero emission retrofit - such as codes and planning frameworks - as 
well as defining where future planning could take place in order to foster densification and social diversity. Further research in 
collaboration with a small district within the municipality suggested collaboration between neighbors to implement retrofit 
measures and an energy network, a microgrid. The research creates indicators and evaluates network scenarios for a number 
of buildings of different state and age to find benefit in energy reduction and reduction of CO2 per investment. In addition to 
environmental and energy costs, social costs are explored through different means of organization and supporting the 
neighbors quest to meet the societal challenge outlined above. The project thus receives a trans disciplinary dimension and 
societal relevance: The model of the action plan addresses a key societal challenge, how to mitigate Climate Change as a 
community. For individuals it might be daunting, for a small community of house owners together with planners, engineers 
can achieve incremental change.  
Reference: Zernez Energia 2020, CTI project ETH Zürich, 2015. www.zernezenergia2020.ch. 
 
 
MATERIAL AND SOCIAL CONSTRUCTION: A FRAMEWORK FOR THE ADAPTATION OF BUILDINGS 
 Keenan 
Center for Urban Real Estate / Columbia University, NEW YORK, United States of America 
 
This article is a formulation of a framework for understanding the natureof change, particularly climate change, as it applies to 
the scale of a building. Through anexploration of various scientific and social scientific literature, the article positions 
theconcept of adaptation as the appropriate mode for understanding and managing change. Through theclassification of a 
duality of material and social construction in the ontological composition of abuilding, various lines of thought relating to 
adaptive capacity and adaptive cycling withinsystems theory are appropriated within an integrated framework of adaptation. 
Specifically, it istheorized that as buildings as objects are developing greater capacities for integrated operationsand 
management through artificial intelligence, they will possess an ex ante capacity toautonomously adapt in dynamic relation to 
and with the ex post adaptation of owners and operators.It is argued that this top-down and bottom-up confluence of multi-



scalar dynamic change along anadaptive cycle is consistent with the prevailing Theory of Panarchy applied in social-
ecologicalsystems theory. The article concludes with perspectives on the limitations of systems theory inarchitecture, future 
directions for research and an alternative positioning of professional practices. 
 
 
Quick scan tool urban heat stress: how to help the urban planner? 
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Abstract 
As climate change seems to be inevitable and as large effects are expected for urban areas, Dutch cities have agreed to 
anticipate climate change. In the period 2020-2050 changes in the urban area need to ‘climate proof' or adapted to climate 
change. It is however still uncertain and open for discussion when an urban design is climate proof. Specially for urban areas 
this is a difficult point, because there are no guidelines or standards and even the awareness for this subject is very low. 
In order to investigate the possible effects and to make the urban designers, water managers and so on better awareness of 
possible effects we have developed a quick scan tool to visualize those effects. 
The tool uses only readily available data and does not require large computation times, even for a whole city. Because detailed 
digital elevation maps are available and because of the smart set up of the model, the tool results in highly detailed 
temperature maps. The accuracy of the calculated temperatures by this tool is of course less than of more advanced models, 
but we learned in discussions with several municipalities that the maps really helps to raise awareness on the subject of urban 
heat stress. 
The tool gives insight in the air temperature and in (PET) Physiological Equivalent Temperature. In discussion with urban 
planners at several municipalities we are now finding out what parameter and what way of presenting helps them best to 
address urban heat stress. 
 
 
Embodying resilience in urban development processes: suggestions for the future 
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Over the last ten years, 'resilience' has progressively gained prominence within research studies on urban development 
processes (Godshalk, 2003; Bruneau et al., 2003; Chuvarajan et al., 2006; Gibson and Tarrant, 2010; Bahadur et al. 2010; Tyler 
and Moench, 2012; Galderisi and Ferrara; 2012). These studies regard resilience as a key concept to counterbalance 
weaknesses and disruptions of urban systems in face of more and more significant environmental challenges, by adopting a 
'sustainable development' perspective.  
The issue becomes more and more challenging when climate change - and the uncertainty related to its effects - is at stake. By 
this perspective, an effort to explain what urban resilience consists of in the face of climate change threats had been made by 
different authors (Tyler and Moench, 2012; Davoudi et al., 2013). In urban contexts, due even to the growing demand for 
energy and to the consequent need of using 'alternative' sources for its production, numerous mitigation measures have been 
undertaken.  
Implementation of adaptation measures, on the other hand, is much more arduous due to the longer time needed for 
achieving effective benefits and to the difficulties related to the inclusion of adaptation measures within existing laws, rules 
and codes governing the functioning of urban systems. Both aspects could take advantage of the definition of resilience-
oriented 'spy indicators'.  
Due to the fact resilience represents a 'new umbrella concept' able to take into account 'risk management, ecological, 
sustainability or political sciences' (Chelleri et al., 2012), there is the need for selecting resilience dimensions and key 
performance indicators - to be applied from building level, to neighborhood, city, regional and national levels, and vice versa - 
for measuring progress in integrating resilience processes in urban development.  
In the wake of evidence and recent scientific literature, this presentation aims at identifying the main resilience dimensions on 
which attention has to be focused and to provide hints for developing useful and viable indicators to measure the contribution 
of implemented adaptation and mitigation measures in urban context, in respect to these dimensions.  
The presentation will also show recent successful practices of integrating resilience dimensions and their related indicators in 
existing regulatory tools.  
 
References  
Bahadur, A., Ibrahim, M., Tanner, T. (2010), 'The Resilience Renaissance? Unpacking Of Resilience for Tackling Climate Change 
and Disasters', Strengthening Climate Resilience Discussion Paper 1, Institute of Development Studies. Brighton, UK  
Bruneau, M., Chang, S.E., Eguchi, R.T., Lee, G.C., O'Rourke, T.D., Reinhorn, A.M., Shinozuka, M., Tierney, K.T., Wallace, W.A., 
von Winterfeldt, D. (2003), A framework to quantitatively assess and enhance the seismic resilience of communities, 
Earthquake Spectra, 19 (4): 733-52  



Chelleri L., Kunath A., Minucci G., Olazabal M., Waters J. J., Yumalogava L. (2012). Multidisciplinary perspective on urban 
resilience. Workshop report. BC3, Basque Centre for Climate Change. ISBN: 978-84-695-6025-9.Available at: 
<http://www.bc3research.org/multidisciplinary_perspectives_on_urban_resilience>  
Chuvarajan, A., Martel, I., Peterson, C. (2006), A Strategic Approach for sustainability and resilience planning within 
municipalities. Thesis submitted for completion of Master of Strategic Leadership towards Sustainability, Blekinge Institute of 
Technology, Karlskrona, Sweden  
Davoudi, S., Brooks, E and Mehmood A (2013) 'Evolutionary resilience and strategies for climate adaptation', Planning, Practice 
and Research, 28 (3) , 307-322  
Galderisi, A., & Ferrara, F. F. (2012). Enhancing urban resilience in face of climate change: a methodological approach. TeMA 
Journal of Land Use Mobility and Environment, 5(2), 69-88  
Gibson, A.C., Tarrant, M. (2010), A conceptual models approach to organizational resilience, The Australian Journal of 
Emergency Management, vol. 25, N02, April  
Godschalk, D. R. (2003), Urban Hazard Mitigation: Creating Resilient Cities, Natural Hazards Review, ASCE, August.  
Tyler, S & Moench, M 2012, 'A framework for urban climate resilience', Climate and Development, vol. 4, no. 4, pp. 311-326 
 
 
New roads for stormwater management 
 Ingvertsen

1
, LL Ladehoff

2
, JLB Bank

3
, MAU Uggerby

1
 

1
EnviDan A/S, KASTRUP, Denmark 

2
Colas Danmark A/S, VIBORG, Denmark 

3
Schulze + Grassov Aps, FREDERIKSBERG, Denmark 

 
Roads make up a considerable share of our urban areas and are among the lowest lying urban surfaces. This means that roads 
convey large amounts of stormwater runoff directly to the sewers and that they are particularly prone to flooding. 
But why not turn the roads into an integrated part of the solution instead of them being part of the problem? An ambition that 
is also encouraged by Copenhagen Municipality in their cloudburst plan, which appoints numerous roads to be transformed 
into so-called cloudburst roads; roads that in one way or another are able to transport or delay stormwater runoff on the 
surface. 
In order to address this, companies from the road sector, the water sector, and urban design have joined forces and developed 
a new flexible and cost-effective road system that integrates stormwater- and flood management with the urban hard 
infrastructure and street design. Recognizing that there are huge variations among urban streets, i.e. with respect to space 
availability, climate, pollution, traffic, buildings, users, etc., the keywords for the developed system are flexibility, design and 
multifunctionality. Therefore, the technical core elements of the system are restricted to (1) the road profile and (2) a modular 
water collection system. By combining these two elements into one integrated system and by designing the individual 
components to accommodate a wide range of technical and aesthetic aspects in terms of stormwater management and urban 
design, a cost-effective solution is achieved that is highly adaptable to various street specific conditions. Thus, depending on 
local conditions and preferences, the water collecting modules can be open or sealed and allow for transportation, retention, 
infiltration, and/or treatment of urban stormwater, while from an aesthetic point of view, the integrated system creates 
several possibilities for new street designs and -identities, that can promote blue and green development, cohere with or 
improve urban space, as well as reinforce human safety. 
There is specific focus on developing and testing a V-shaped road profile, as it generates most storage volume on the road 
surface and at the same time keeps flood water furthest away from buildings. This is in line with a rising demand for cloudburst 
solutions for dense urban areas. However, the system can be designed with all possible profiles. The development project runs 
from 2014 - 2017 and is co-funded by the philanthropic organization, Realdania, which supports solutions for climate 
adaptation of dense urban areas and cross-sector collaborations.  
 
 
How to deal with a rapid climate change in infrastructure and architecture? 
 Chung, KJ Woo 
Korea Conformity Laboratories, SEOUL, Republic of Korea 
 
Abnormal climate change is a global emerging issue and the experimental approach in solving the problem is strongly needed 
in South Korea. Especially, integrating adaptation and mitigation strategies for infrastructure and architecture due to the face 
of climate change are one of the most active research fields. CERT(Center for Climatic Environment Real-scale Testing) project 
provides a unique full-scale experimental facility targeted to evaluate the resilience of the infrastructure and architechture 
under extreme climatic environments. The total fund for CERT project is 18.5 million dollars during four years(from Dec. 2013 
to Dec. 2017) which is supported by KAIA(Korea Agency for Infrastructure Technology Advancement) and MOLIT (Ministry of 
Land, Infrastructure and Transport) in South Korea. 
The main purpose of CERT project is to evaluate not only performance of material and component-scale testing but also 
overall performance of full-scale testing under extreme climatic environments. The facility cosists of two main sectors: (1) five 
climatic environment chambers with three different sizes(one large, two medium, and two small chambers), and (2) a 120m 
high-rising tower. First, the climatic environment chambers simulate the extreme climatic conditions with several parameters, 
such as temperature(-40 to 80C), humidity(10 to 98%), rainfall(Max. 150mm/h), snowfall(Max. 50mm/h), and solar 
radiation(800 to 1200W/m

2
). The range of parameters varies depending on the chamber sizes. The optimal combinations of 

these parameters generate realistic scenarios of extreme climatic environments(desert, antarctic etc.) in order to evaluate the 



performance of infrastructure and architecture under severe weather conditions. The dimensions of a large, two medium, and 
two small chambers are 20m(L)?25m(W)?20m(H), 10m(L)?10m(W)?4.5m(H), and 5m(L)?5m(W)?3.5m(H), respectively. Second, 
the high-rise tower is equipped with pumping and ventilation systems to evaluate the performance and efficiency of the high-
rise building system. It is a 10-story tower with the height of 120m. 
By completing the CERT project in 2017, it will provide the state-of-the-art facility to simulate the full-scale testing for 
infrastructure and architecture under extreme climatic environments. In addition, CERT contributes to establish an innovative 
network system of climate change preparedness. 
 
 
Quantification the Effects of Water Sensitive Urban Design in a Simplifying Manner 
 Lerer, Arnbjerg-Nielsen, Sørup, Mikkelsen 
DTU Environment, KGS. LYNGBY, Denmark 
 
Sewerage systems have been serving the task of efficiently draining Danish and other European cities for more than 150 years. 
Society's expectations and needs have changed over the years, and engineers have consequently upgraded the systems. 
Current challenges include climate change, growth and densification of cities, and increasing demands for sustainability and 
livability. Among the suggested innovative solutions is a suite of decentralized stormwater control measures known e.g. as 
Water Sensitive Urban Design (WSUD) solutions, which aim at providing a multitude of other services to society in addition to 
the technical service. The successful planning of multifunctional WSUD must bring together drainage engineers with city 
planners, architects and other professionals. We present a tool that supports interdisciplinary collaboration by facilitating a 
fast and simple quantification of the core hydrologic effects of a suggested WSUD in an existing urban area. 
The functioning of urban drainage systems is complex due to non-linear scaling in the spatial domain as well as natural 
variability in the temporal behavior of rainfall. This makes it difficult for drainage engineers to communicate their reasoning 
when discussing design options with other professionals. We suggest the following two performance indicators to be a 
reasonable simplification of the essential effects of WSUD on the performance of existing drainage infrastructure: the runoff 
volume reduction per rainfall event and the annual runoff volume reduction. The significance of the first indicator is illustrated 
using the 'Three Points Approach', which has a proven ability to improve communication on how well different drainage 
solutions meet expectations in different rainfall domains, including resilience towards increased flooding risk. The significance 
of the second indicator is illustrated against typical annual water budgets, emphasizing the potential for restoring a more 
natural hydrological cycle. 
The tool includes simple methods for assessing these effects for a number of different WSUD techniques such as green roofs, 
rainwater harvesting, soakaways and rain gardens. Local constraints, such as the available area for collection of rainwater, are 
taken into account. We present results from applying our approach on two case studies in Aarhus and in Copenhagen. The 
uncertainty of the predictions will be discussed against the general uncertainties in this type of planning. The results of this 
project are important because Danish cities are investing large amounts of resources in urban infrastructure renewal, and 
actors are eagerly waiting for tools like the one developed in this project so that they can effectively prioritize their spending.  
 
 
A compass for urban scale sustainability 
 Hill, MDP De Paep 
BUUR, LEUVEN, Belgium 
 
<i>Sustainability is about making the most effective choices that have the lowest negative impact and the greatest quality. This 
in principle is the main objective of urban planning. However urban areas are instinctively torn between many contradicting 
aspects of sustainability, making it hard for decision making or to set objectives.</i> 
<i>This leads urban scale projects to become complex or wicked problems when framed in terms of sustainability. 
Sustainability on an urban scale is torn between economic viability/prosperity, socio-cultural cohesion, environmental impacts 
while decisions are placed in the hands of generally diverse and divisive interest groups. This makes negotiating urban scale 
sustainability an extremely complex challenge. These sustainability challenges are equally apt for preparing for climate 
adaption and resilience.</i> 
<i>In an age where it is clear that urban areas are the source of most environmental issues and the living environment of the 
majority of the world's population: urban designers and planners need a tool to aid the development process in order to find 
the most sustainable solutions.</i> Existing assessment tools often provide an ex-post evaluation, but often fail in the process 
of guiding a holistic approach to decision making. 

<i>We have developed a ‘sustainability compass', which is intended to orient, inform and evaluate the urban development 
process for practitioners. We will explain how we arrived at theoretical perspective based on 'six fields of sustainability' to help 
orientate discussion surrounding urban planning. We will then explain how we use the compass within a professional capacity 
and provide a case example of how the compass has been applied.</i> 
 
 
Dynamic Key Performance Indicators for the evaluation of behavioral-resilient architectures and policies at the urban scale. 
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The environmental impact of cities, accommodating more than half the global population, is both profound and increasing. 
Rapid urbanization, climate change, energy security and fossil fuel access are calling for a more detailed understanding of how 
cities today consume energy. 
The construction industry involved in shaping city architecture, infrastructure and urban morphology provides extensive 
impacts to the built environment, with population increase further driving these pressures. In this context, many countries all 
over the world are setting drastic target goals to reduce carbon emissions at the urban scale, implementing initiatives aimed at 
promoting a more sustainable use of energy in the building sector. 
Environmental policies, codes and standards are driving planning, design and construction professional operators and 
stakeholders to develop zero energy buildings (ZEB). However, social acceptance of energy efficiency measures and building 

users energy related behaviors are random variables, which may neutralize urban environmental goals, leading to a ‘credibility 
gap' of building performance and energy efficiency policies. 
The rapid development of computational power and information technologies, such as Geographic Information Systems (GIS), 
could support evaluations and decision-making at the different operational scales about the complexity of the related energy 
system and users data. In particular, the urban scale offers opportunities of matching urban policies and stakeholders' actions 
(Brandon and Lombardi, 2011). 
The goal of this paper is to investigate the potentialities of GIS based decision-making techniques at the metropolitan scale in 
supporting effective energy efficiency policies for climate change and user's behavior resilient buildings. 
Based on Occupant Behavior Advanced Input Modeling (Ob-AIM) discerned by public census data, building energy model can 
be drawn to represent the impact of different environmental policy, energy efficiency and economical targets over mid-long 
term energy consumption scenarios at the urban level. The outcomes of these scenarios is expected to support architects, 
urban planners and designers, urban decision makers, environmental engineers to the identification and application of 
dynamic and agreed Key Performance Indicators (KPIs) testing the effectiveness of energy efficiency and urban design metrics 
as well as environmental policies at the district/urban scale, when taking into account the variability of ‘social resilience' of 
behavioral aspects over the time. 

3.8 Urban adaptation action – a multi-level governance issue 

Adaptation strategies: Looking for best practices only can lead to deadlock 
 Bender, J. Cortekar, M. Groth 
Climate Service Center 2.0, HAMBURG, Germany 
 
Climate change with its impacts challenge regions, cities and municipalities. Even with a substantial reduction of emission rates 
the stock of greenhouse gases will continue to rise. For that reason one of the main fields of work for administration of the 
future has to focus on the implementation of adaptation measures. The adaptation to climate change impacts is easy, but in 
theory only. The process from planning a measure until the implementation is time-consuming, needs personal resources and 
cannot be achieved free. The selection of the proper adaptation measures is not easy, too. Because it is not possible to find the 
'one-size fits all adaptation' or the 'universal best-practice example'. It is necessary to identify local needs, because the 
adaptation measures need to be tailored to the respect purpose. The question is: how this should be done? 
There are different ways that are used in practice. One possibility is the use of one of the numerous adaptation data bases. 
There you can find many adaptation activities developed and tested in scientific projects. Another option is to take a look on 
flagship projects that are often used as best practice examples. Or, you can take a closer look on the lessons learned from 
projects to experience how projects work and maybe reveal the hidden obstacles. All of these methods are used in practice, 
but each of it has specific weaknesses that have to be kept in mind. 
As general rules adaptation strategies should a) reflect locally specific objectives, b) incorporate flexibility with respect to the 
impacts, c) integrate the range of hazards for all affected sectors, d) take into account that risks are locally not uniform, and e) 
be based on the best available science and information. Furthermore it is an advantage to find a local heavyweight which move 
activities forward. This indicates that adaptation to climate change is complex and impacts vary from place to place, depending 
on physical conditions, natural and human adaptive capacity and response mechanisms. An important aspect is the integration 
of all affected stakeholders in the process to guarantee an integrated approach with high acceptance. It must be clear however 
that the implementation of adaptation measures is the main challenges due to administrative obstacles, insufficient 
communication (or cooperation) between different administrative bodies, outstanding responsibilities and competences, as 
well as lack of money. 
 
 
Challenges of adaptation to climate change in municipalities - experiences from a workshop series in Germany 
 Vetter 
Federal Environment Agency (UBA), DESSAU-ROβLAU, Germany 
 
The German adaptation strategy (DAS), adopted in 2008, addresses municipalities as a key player in the development of the 
local adaptation strategies and the implementation of the adaptation measures. To respond to the effects of climate change 
implies for municipalities to handle a new challenging task. However, there are uncertainties about the local impacts of climate 
change and the corresponding risks that need to be managed. Furthermore municipalities are not equipped with more 
resources in terms of investment costs or additional manpower to deal with the new task. 
Nevertheless the majority of the big cities in Germany have already started with adaptation activities, most of them project 



based or they have developed an exclusive adaptation respectively integrated adaptation and mitigation strategy. The 
situation is different for smaller municipalities with a population of up to 100.000 inhabitants. Most of them are aware that 
adaptation is an important future task but it is not on the political agenda today. Often there is the political will missing or 
other tasks seems to be more pressing at present. 
Against that background the Federal Environment Agency started the project 'Empower communities to systematically deal 
with the challenges of climate change adaptation (KoBe)' in order to explore how municipalities could be better supported to 
start their adaptation activities. The empirical base consisted of interviews and workshop series with municipalities, held from 
2013 to 2014. In a dialogue with 11 small and medium-sized municipalities, the project analysed what conditions and factors 
foster or hinder adaptation especially in municipalities of this size. On the one hand, the participating municipalities shall be 
encouraged to increase their own adaptive capacity. On the other hand, recommendations explaining how to improve the 
support on a national scale were developed. 
The following aspects were analyzed: 
- Institutionalizing of adaptation within municipalities 
- Internal and external communication of adaptation in municipalities 
- Building a supportive national framework for municipalities 
The presentation will focus on the following topics: (1) a short overview of the national activities to support municipalities in 
Germany, (2) the main findings from our workshop series, and (3) an outlook on what could be done to strengthen adaptation 
on a local level. 
 
 
Copenhagen, climate changes and a growing capacity to adapt 
 Jensen 
Aarhus University, VÆRLØSE, Denmark 
 
Abstract ECCA session E10 - Adaptation in cities Urban adaptation action - a multi-level governance issue 
Copenhagen, climate changes and a growing capacity to adapt 
Anne Jensen, Aarhus University 
The impacts of climate changes increasingly present vast challenges for cities, challenges that interweave with a range urban 
issues and policy areas. Impacts have shown to challenge how cities are planned and governed, and managing climate change 
at city level requires innovative policy development. Moreover, the adaptation policies are often costly, are long term 
investments and involve wicked issues where interests are weighted and prioritized against other pressing urban policy issues. 
This requires innovative approaches and measures at urban level, and ways to develop and explore institutional resources, 
including financial resources, networks and knowledge. Cities respond differently to these challenges where some are pro-
active and invest in adaptation measures at urban level while others find it more difficult to manage impacts. For some front 
runner cities, working strategically with adaptation policy implies building a potential, or a capacity, to manage impacts of 
climate change under conditions of change and complexity. For the city of Copenhagen, building adaptive capacity has 
moreover stirred innovative institutional changes that promote organizational leaning and developing experimental 
approaches to adaptation measures. In this paper, we examine how specifically Copenhagen has managed to develop and start 
implementing a comprehensive adaptation strategy at urban scale over a relatively short period of time. We furthermore 
probe into why Copenhagen has, relatively speaking, been successful in building adaptive capacity. The study builds on an on-
going case study of Copenhagen.  
 
 
Climate adaptation design prototype for estuarine communities - A case study of Shezi Island of Taiwan 
 Chiang, Huang 
Chinese Culture University, TAIPEI, Taiwan 
 
Under the threat of extreme precipitation caused by climate change and the rising sea level induced by global warming, 
response measures for estuary region should be taken immediately. Shezi Island, a bar lying at the confluence of Keelung and 
Tamsui river, has been delimited as a construction-forbidden retention area for Taipei city since 1970. Due to this restriction, 
Shezi Island becomes a low developed estuarine community in the flourishing city. Today, with the confliction between threat 
of flood and demand of development from residents, Shezi Island is challenging Taipei's adaptation strategy for climate 
change. As a result, we choose Shezi Island as a model to study and portray a design prototype for estuarine communities in 
Taiwan to cope with climate change. To build a resilient city living with flood and to boost up local development, communities 
are drawn as basic units for adaptation prototype in our study. Considering the contribution of worldwide local arrangements 
to global advance in facing climate challenge, many cases and theories all over the world had been studied. Then we integrate 
and strengthen the possible strategies on the base of local factors- developing evolution, culture landscape, ecological 
environment- to build a both spacial and social resilient community that can lead Shezi Island into a water-coexist city 
someday. By analyzing the interaction between human and environment with cause-effect relationship, issues and problems in 
every phase are easier to be comprehended. Proper suggestions and well administrative policies will bring about sustainability 
to a place. Hence, Driver-Pressure-State-Impact-Response(DPSIR)is used as a cause-effect framework. From social resilience's 
viewpoint and through present situation study, field survey, data analysis, issue clarify, study on climate change adaptation 
design is launched. We comprehensively estimate the impact of flood on community with the emphasis on local social 
economy and historic fabric. The study of Shezi Island's design prototype for climate change adaptation is conducive to 
reinforcing local adaptation technology and knowledge, encouraging communities in the city to cope with menace of climate 



change together. 
 
 
Planned adaptation in large cities: a global assessment 
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Cities globally face significant risks from climate change, and are taking an increasingly active role in climate policy. There are 
few, if any, global assessments of adaptation taking place in cities, however. Here, we analyzed 402 municipal governments 
worldwide and discover that only 61 cities report any adaptation initiatives. We profiled adapting cities into non-adaptors, 
global leaders, small city leaders, and laggards. With few exceptions, global and small city leaders are large cities located in 
high-income countries in North America, Europe, and Australia, and are adapting to a variety of expected impacts. Laggards 
report tokenistic adaptation initiatives usually addressing emergency preparedness rather than specific impacts. Additionally, 
we found that adapting cities report more direct adaptation actions than groundwork.  
 
 
Gaps and opportunities in Rio de Janeiro adaptation strategies 
 De Paula Domingos 
University of Versailles/International Institute for Sustainable Development, PARIS, France 
 
Responsible for around 70% of greenhouse gas emissions and 75% of economic production, cities have become both a 
challenge and opportunity in the fight against climate change. Highly vulnerable to extreme weather and social inequality, the 
city of Rio de Janeiro represents a valuable case study for analysis of urban adaptation strategies. Geographically vulnerable 
not only to heavy storms, in which landslides and floods are frequent, but also heat waves, this Brazilian city urges for an 
efficient climate action plan. 
On the 22 january 2015, the city presented a strategy named 'Resilient Rio' that suggests a good step forward towards a long 
term development strategy.  
Launched by Mayor Eduardo Paes, leader of the C40-international group of cities that map strategies to address climate 
change and increase resilience- this document deserves to be further explored. 
Bearing in mind that this initiative is supported by the 100 Resilient Cities, from the Rockefeller Foundation, and that Rio de 
Janeiro symbolises the first city in South America to be elected by this foundation to receive assistance, this paper will thus 
describe the main actions being developed in terms of adaptation policies with the goal to analyse two points. First, the main 
opportunities and gaps in the current strategy. Second, the importance of national and international networks in fostering 
progress in climate adaptation. In particular, how Rio de Janeiro has been encouraging local and international practitioners to 
take action? Are they being able to influence the current administration? How international networks are concretely 
influencing urban adaptation strategies? Beyond the analysis of relevant literature, this research will be developed based on 
first hand information collected in Rio de Janeiro through interviews and participation in workshops organised by the city hall 
and open for academics and external experts. In conclusion, the paper expects to demonstrate the value of a 'community of 
practice' for improving multilevel governance and showcase how international networks have been concretely improving local 
urban action related to climate change. 
 
 
EU & Urban Climate Adaptation 
 Kondrup, Nieto Silleras 
European Commission - DG CLIMA, BRUSSELS, Belgium 
 
With emphasis on the adaptation to climate change in urban areas, Dr Claus Kondrup from the European Commission's 
Directorate-General for Climate action will (1) introduce the EU Strategy on Adaptation to Climate Change and provide an 
overview of its implementation and next steps, (2) present the Mayors Adapt initiative, which is engaging cities in taking action 
to adapt to climate change, and (3) outline EU funding for Urban adaptation to climate change. 
 
 
Cooling the City - Melbourne's 4°C Challenge 
 Lynch 
City of Melbourne, MELBOURNE, Australia 
 
City of Melbourne was the first city in Australia to develop a climate adaptation strategy in 2007. Since then, the city has 
invested over AUS$50 million in ecosystem-based adaptation with a key focus on doubling urban forest canopy cover to cool 
the city's summertime temperatures by 4C. 
Maintaining Melbourne's livability and supporting community health and wellbeing has underpinned the development of this 

ambitious goal and this large-scale, ‘beyond business as usual' investment. Healthy ecosystems play an important role in 
delivering services that create liveable cities and help communities adapt to climate change, but preserving and enhancing 
urban ecosystems is often not a priority for cities. City of Melbourne has developed a robust business case to invest in and 
prioritise eco-system based adaption based on resilient ecosystems. 



This presentation will reflect on how the City of Melbourne initiated the development of this ambitious goal to cool the city 
and discuss the challenges encountered in driving action to realise successful on-ground implementation and transformation. 
The presentation will also highlight the benefits of international city networks in advancing adaptive capacity. 
Melbourne's ecosystem-based adaptation program has been awarded for demonstrating international city leadership in 
climate adaptation by the C40 Cities group and for leading standards in environmental programs for public participation by the 
International Association for Public Participation. 
 
 
From national adaptation support tools to urban adaptation action: challenges and needs 
 Giordano, Gaudioso, Capriolo 
ISPRA, ROME, Italy 
 
Despite the on-going process to establish a national strategy for adaptation to climate change also in italy, the roles of the 
different government levels in the actual implementation of adaptation plans and initiatives are not yet clear enough. 
The realization of 'Guidelines for adaptation at local level' - carried out in the framework of the LIFE Project ACT (Adapting to 
Climate change in Time) - provided the opportunity to build a tool on the basis of a practical experience, gained through a close 
collaboration between a national institution (ISPRA) and three local mediterranean administrations (Bullas - SP, Ancona - IT, 
Patrasso - GR). 
The guidelines therefore analyze the main issues that cities are facing in terms of adaptation to climate change and identifies 
the key steps of a process towards the preparation of local strategies and/or plans. 
Since its publication (July 2013), the document was distributed and shared at different levels of governance, from national to 
local level. At the same time, the Lombardy Region developed specific 'Guidelines for a regional adaptation plan' (2012), 
elaborated with the support of the Lombardy Foundation for the Environment, with a view to strengthening the knowledge 
base for the implementation of adaptation measures at regional level. 
However, two recent analysis carried out by ISPRA at various governance levels, with the purpose i) to investigate the 
integration of adaptation into sectoral national policies (BASE project) and ii) to set up a state of the art on adaptation at local 
level (survey on local adaptation) has highlighted some strengths and weaknesses. 
To date, in fact, adaptation concerns are not yet included in the local political agendas, except in a few cases related to some 
italian cities (Ancona, Bologna, Padua, Rome, Venice) which have launched specific adaptation projects, which are expected to 
provide inputs for their administrative action. 
However, the increasingly frequent occurrence of extreme climatic events in the cities has prompted local governments to 
adopt measures aimed at protecting their territories from future disastrous consequences. In most cases these are 
'autonomous adaptation' initiatives, as defined by the IPCC. 
Considering that the adoption of an adaptation strategy will lead our country to align itself to the European context, thus 
defining a political-institutional framework at national level, it is desirable that the adaptation challenge can be early 
integrated at local level, being aware that climate change is making ordinary what was considered exceptional just few 
decades ago. 
 
 
Adaptation to the negative impacts of climate change on local and regional level in Bratislava 
 Hudekova 
City of Bratislava, BRATISLAVA, Slovak Republic 
 
The first activities in the field of the adaptation to climate change in Bratislava started with bottom up approach in early 2006. 
This time it was the active network of the environmental NGOs in the city, that revealed the interest of the city to cope with 
the possible threats of climate change in the urban area. As result of these NGOs activities, the topic of climate change was 
included in the Strategic development plan of Bratislava 2010-2020. The Interreg IVC funded project 'Green and Blue spaces 
adaptation strategies' served as valuable background for the elaboration of the Strategy to climate change, that was approved 
by the municipal Assembly in September 2014. Based on the Adaptation strategy, Bratislava city successfully proceeds its effort 
to gain the funding for the concrete adaptation measures realization - especially in the field of green infrastructure (creation of 
the new green spaces, sustainable rainwater management measures). The adaptation to climate change on regional level 
started to play the special role taking into the consideration the new programming period 2014-2020, because there will be a 
possibility for funding of the new projects in the frame of the National Operational Programme 'Quality of the environment'. 
Therefore the Strategy for adaptation on climate change on the regional level, led by the Bratislava city, is under the 
elaboration. This Regional Strategy is elaborated in close cooperation with other stakeholders and representatives from the 
regional surrounding municipalities and is expected to be ready in April 2015. 
 
 
Large scale municipal adaptation to climate change: Portuguese case study - ClimAdaPT.Local project 
 Duarte Santos, GPL Penha-Lopes 
CE3C - FFCUL, LISBON, Portugal 
 
ClimAdaPT.Local project, comes after a journey of national, regional and municipal projects and strategies being designed and 
implemented. ClimAdaPT.Local is aligned with the main aims of the European Strategy for Adaptation to Climate Change (CC) 
and of the Portuguese National Strategy for Adaptation to CC and intends to demonstrate that adaptation at local level can be 



pushed effectively. The project will meet the following objectives in five complementary ways:1. Embedding the climate 
change adaptation dimension on local and municipallevel in Portugal;2. Creating a community of municipal actors, aware of 
climate change issues andtrained for the use of decision support tools on adaptation;3. Promotion and provision of local 
adaptation knowledge particularly in the definition of strategies, planning and implementation of measures and results 
communication;4. The reduction of barriers and constraints on the local actors involvement on adaptation process;5. 
Integrating adaptation into municipal and sectoral agents decision and planning processes. 
A transdisciplinary and highly recognized team will elaborate the Municipal Adaptation Strategies, while raising awareness of 
local stakeholders and provide training of municipal technicians regarding Climate Change Adaptation issues, and promote 
Adaptation mainstreaming into Land Management tools/policy. This project will also develop products that will facilitate 
Municipal Adaptation Strategies elaboration and implementation by the 29 pilot-Municipalities involved in this project and, in 
the future, by all other Portuguese Municipalities. 
This presentation will be focused on the methodological process as well as on preliminary data, barriers and opportunities. 
 
 
Walking and cycling as an alternative to mitigation and adaptation of climate change impacts in Calabar, Southern Nigeria 
 Okon, Olorundami 
University of Calabar, CALABAR, Nigeria 
 
Walking and cycling are viable alternatives to many short car journeys in cities. This is one policy that is been promoted and 
encouraged in the developed countries and a few developing countries. Many studies have revealed the multi-dimensional 
advantages of walking and cycling as healthy and pollution free. Against this backdrop therefore, this paper examined the 
impact of climate change including, flooding and heat waves on travel behaviour. About 150 rating surveys were randomly 
administered to residents across all income and employment groups in the study area. About 68.6% of participants in the 
survey indicated flood events as the most life threatening impacts of climate change against the choice of cycling and walking, 
for urban transport. In order to validate this perception, a digital elevation model of the city was developed to identify most 
vulnerable parts of the city and possible level of satisfaction potential cyclists and pedestrians would derive from cycling in the 
city. Twelve problems of bicycle transportation were presented and participants rated them using a six-point scale 1-6, 
corresponding to highly unwilling to highly willing to ride or walk. The willingness of residents to use bicycle for intra city 
transportation in Calabar is modeled to identify the most important factors for the promotion of cycling and walking as climate 
change mitigation and adaptation. Generalized linear model was applied in the estimation of our models. Counseling strategies 
such as reduction in driving and development of non-motorized transport infrastructure were recommended. 
Key words: climate change, mitigation and adaptation, pedestrians and cyclists, digital elevation model 

 

3.9 Blue Ap LIFE+ project: Urban Adaptation Plan in Bologna (Italy) - talking to other parts 
in Europe 

Adapting to weather extremes in Europe: a toolkit for effective adaptation practices for heatwaves and flooding 
 Howarth, Monasterolo 
Global Sustainability Institute, CAMBRIDGE, United Kingdom 
 
Heatwaves and flooding are predicted to have significant impacts across Europe as a result of climate change. The 2003 
European heatwave resulted in over 70,000 fatalities (Robine et al., 2008) with temperatures 7.5-12.5C above average over 
June-August 2003 (Garcia-Herrera, 2010). Flooding events in Italy in the sole Region Liguria resulted in significant economic 
and social costs, initially estimated at 350 million (Region Liguria, 2014), while the earthquakes which hit the Region Emilia 
Romagna in 2012 caused 29 fatalities and 380 million of estimated economic losses (Open Ricostruzione). Research into the 
recurrence and impacts of extreme weather and climate events has shown that, as a result of anthropogenic climate change 
these are becoming more frequent (Coumou & Rahmstorf, 2012) leading to significant societal, economic, political and 
environmental costs. For example, where heatwaves used to occur every 50 years they are now predicted to happen every 5 
years with extreme heatwaves, similar to the one in 2003, once characterised as a 1 in millennium event now classified as a 1 
in century event (Christidis et al., 2014) calling for a shift in adaptation practices. 
In spite of the growing urgency to address risks and impacts from extreme weather and climate such as flooding and 
heatwaves, knowledge transfer from stakeholders and communities producing this expertise to policy developers and 
implementers is sparse with conflicting cultures and practices leading to inadequate and delayed outcomes (Viner and 
Howarth, 2014). 
This paper will produce a fundamental shift in practices of adaptation and resilience in the context of weather and climate 
extremes which are predicted to become more frequent under a changing climate. It draws on (i) an analysis of best and worst 
practices in the field, (ii) case study analysis from selected European countries, and (iii) interviews with key experts from 
climate adaptation, policy, risk, academia and finance. It will present a toolkit of how to effectively draw on existing evidence 
from the practitioner, policy and academic communities to design effective practices for increased resilience to weather and 
climate extremes. It outlines key elements required for the sustainable adaptation to weather and climate extremes such as 
heatwaves and flooding. Issues are highlighted that hinder effective adaptation practices such as conflict in languages across 



policy, practitioner and academic communities; hierarchical and timing conflicts; mismatches of goals; lack of coordination and 
communication within organisations, lack of transparency and bad governance; and the adoption of reactionary and 
precautionary approaches. 
 
 
Climate adaptation in Copenhagen. Is Copenhagen ahead of Bologna? 
 Rasmussen 
City of Copenhagen, COPENHAGEN, Denmark 
 
Climate adaptation in Copenhagen. Is Copenhagen ahead of Bologna? 
In 2010 Copenhagen started to develop a climate adaptation plan for the city. That adaptation is needed experienced 
Copenhagen in 2011, when the city was hit by a cloudburst that caused extensive flood damage throughout the city. The cost 
af damage at this one event was more than 800 million EUR. This event actually took place after Copenhagen had already 
taken up the challenge of drafting a climate change adaptation plan, a plan that turned out to be highly relevant. It is clearly 
unacceptable for a city to be as sensitive to future climate challenges. We have therefore begun implementation of our climate 
adaptation plan. 
As the only city in the world, we have developed a comprehensive solution for handling both everyday rain and torrential rain 
water, which is our foremost climate adaptation challenge. The solution is not only storm water management, but a solution 
that will make the city more attractive for residents and businesses. In Copenhagen we always try to find solutions that don't 
just solve the problem, but also create a better quality of life for the citizens in Copenhagen. 
Copenhagen will ensure that climate adaptation is not just sectoral planning, but a governing principle in how to develop the 
cities of the future. The methods Copenhagen has developed in this area can be adopted and adapted to other cities, in the 
same way as other cities' experience can be used by Copenhagen. Information exchange can thus also be an important 
element in the development of innovative solutions. We want to share and develop our ideas and experience on how to 
incorporate climate adaptation in the overall planning. In this work we will also learn from other cities experience for example 
from Bologna and the Blue Ap project. 
The world's cities face different challenges when it comes to climate change. Some cities will have too much water; others will 
be short of water. Other cities like Bologna has problems caused by climate change that we first get on our latitudes in many 
years. So even though in some areas, we feel that we are ahead in the climate adaptation work, we have still have much to 
learn and much we can cooperate with other cities to develop. 
 
 
Sharing experiences from European cities on climate adaptation and resilience: an overview of best practices 
 Terenzi 
ICLEI, Local Governments for Sustainability, FREIBURG IM BREISGAU, Germany 
 
In its daily work, ICLEI supports cities, towns and metropolises in developing local adaptation strategies and building resilience. 
Examples from frontrunner cities can be crucial to give inspiration to other peers and contribute to foster local political buy-in. 
ICLEI has been following the development of adaptation and resilience strategies in several cities over the past years, thus 
gathering numerous examples and best practices. During its participation in the EU Cities Adapt project, run on behalf of DG 
CLIMA, ICLEI provided an 8-month adaptation training and coaching to 21 pioneering cities in Europe. Furthermore, the ICLEI 
European Secretariat organizes every year the 'Open European Day', which will reach this year its 3

rd
 edition, a unique 

exchange platform for cities to share their experiences and conduct peer-to-peer discussions on urban adaptation. 
ICLEI Europe has also been recently involved in the 100 Resilient Cities Project, pioneered by the Rockefeller Foundation, and is 
closely supporting the cities of Rome (Italy), Rotterdam (The Netherlands) and Vejle (Denmark) in structuring and developing a 
holistic resilience strategy by identifying threats, setting targets and planning for measures to be implemented. 
For this session, ICLEI proposes a presentation in which successful adaptation and resilience stories from European cities, 
including Rotterdam (The Netherlands), Almada (Portugal), Bratislava (Slovakia), Barcelona (Spain), Rome (Italy), Vejle 
(Denmark) and others will be presented, highlighting their replication potential in other cities and regions. The key success 
factors of the practices presented will be stressed. These will include physical measures but also soft measures and 'enablers', 
including multi-level governance, stakeholder engagement, awareness raising, and communication. 
An account will be given as well on the most frequent challenges that cities encounter when confronted with starting to 
develop adaptation and resilience strategies, and examples will be provided on viable solutions and principles to apply in order 
to overcome these. 
 
 
How collecting remember to built resilience. The BLUE AP - Bologna as resilient city project case study. 
 Pelizzaro 
Climalia, MILANO, Italy 
 
The main goal of BLUEAP LIFE+ project is to define a Local Adaptation Plan for Bologna Municipality and to make the city more 
resilient and able to prevent to the climate changes impacts at local level. The municipality is implementing a comprehensive 
and innovative information system that linkage environment and social data and scale down the future impacts. The info 
system is designed to support the local participatory planning process, to select better and effective strategies, and it will be 
use as baseline framework to monitor and to periodically improve the actions included in the future Local Adaptation Plan. The 



aim of the article is to demonstrate how a comprehensive and integrated local scale analysis and a 'tailor made' planning 
process, supported by an interactive tool, are the right ways to deal with environmental problems generated at global level, 
but with a direct local impact. This approach could become the most effective way to activate local policies to tackle climate 
change adaptation needs and manage adaptation strategies. The future BLUEAP Protocol among the private actors and the 
Bologna Municipality aim to demonstrate that sharing responsibilities and risk between public and private sectors can be 
effective when is supported by a mutual, step-by-step management cycle (commitments subscription, target setting and 
planning, monitoring, reporting). In addition the methodologies developed for the participatory process and for the Local 
Climate Profile demonstrates that stakeholders engaged in the development of adaptation strategies enhance their urban 
planning strategies with regard to water management, green areas, health and social services. The benefits of the proposed 
approach will be shown through the participatory planning process in the Municipality of Bologna and by means of pilot scale 
applications. Bologna has environmental and economic characteristics that can be relatively easily compared to most Italian 
and European medium-size cities facing similar climate change effects on urban ecosystems. 
 
 
How a National Adaptation Strategy for Climate Change can stimulate a local plan?  
 FILPA 
UNIVERSITY ROMA TRE, ROME, Italy 
 
In October 2014, the Italian Ministry of the Environment, Land and Sea, in agreement with all Regions, approved the National 
Adaptation Strategy (NAS) for Climate Change called 'Strategia Nazionale di Adattamento ai Cambiamenti CLimatici - SNAC'. 
It is a very important step, which lays the foundation to improve climate action in Italy, but only if municipalities will be able to 
take charge of it. 
This paper seeks to analyse three suggestions that SNAC can give to municipalities: 
- to take climate change seriously; citizens are more aware of the climatic risks than municipalities (as shown in stakeholders 
meetings. e.g. those organized in the context of the LIFE project Blue Ap for the Bologna municipality), and SNAC provides a 
very detailed description of climate vulnerability in Italy, contained in the document Rapporto sullo stato?delle conoscenze 
scientifiche?su impatti, vulnerabilit ed adattamento ai cambiamenti climatici in Italia. This is a very important document, as it 
describes vulnerability in a wide range of sectors: environmental (soil stability, floods, desertification, forests, fauna) urban 
(urban heat island, water supply, health, industrial activities) and infrastructural (road, rail, public transport); 
- to take priorities in local adaptation strategies into account; the SNAC provides guidelines for the preparation of risk 
assessments that explain characteristics and relevance of climate impacts to be tackled at a national level. To this regard we 
highlight that Italy has different climate profiles (ranging from alpine to subtropical), as well as morphologic, urban and 
infrastructural (coastal areas and plains are densely urbanised, while mountainous ones are almost abandoned). Therefore, 
only a detailed climatic resilience study will clearly indicate the most important adaptation actions; 
- to improve the efficiency of multilevel governance, an essential requirement in order to implement adaptation interventions. 
Italy shows peculiar characteristics also in this case, as it has a highly fragmented administrative structure, which makes it 
difficult for municipalities to set common objectives and work with one another. 
By showing examples coming from Italian cities (e.g. Bologna and Rome), this paper seeks to describe how local adaptation 
plans can use the indications contained in the SNAC, and how it can contribute to improving debate and exchange of 
experiences among local contexts. 
 
 
Has Blue Ap delivered a realistic Action Plan for Bologna? 
 Bono 
Ambiente Italia, MILANO, Italy 
 
The Action Plan for Bologna is focused on theimplementation of three main strategies facing the climate change effects 
highlighted in the Local Climate Profile: drought and water scarcity, extreme rainfall events and heat waves. Some of the most 
effective measures, related both to the public and private sector, are dealing with water consumption's reduction, 
improvement of the hydrological response, urban greening, and alert systems. 
Water consumption’s reduction 
In order to decrease domestic consumptions the Building Rule's technical annex about the water daily consumption targets has 
been reviewed, making mandatory and voluntary target more ambitious. 
A reduction in irrigation consumption is expected with the progress of the project 'Virtuous Water' which aim to increase the 
information between the Reclamation Consortium and the farmers, in order to allow them to plan with precision the needs of 
irrigation intervals, reducing consumption and giving to the Consortium the possibility to plan in a better way the delivery of 
water. 
Improvement of the hydrological response 
The measures contained in the new 'Plan variant for the widespread qualification of an urbanized area of the city' will allow 
small scale urban renewals that, compared to the current situation, will decrease about 40,000 m

2
 of sealed surfaces, in favour 

of semi-permeable and permeable surfaces. . 
Urban greening 
Further development of the GAIA project (Green Areas Inner City Agreement) encourages public-private partnership to plant 
new trees both outside (forestation) and inside the inner city area along street and squares of Bologna: thanks to this 
cooperation, by 2020 the project provides for the planting of further 2,000 trees. 



The new 'Regulations on the collaboration between citizens and Municipality for the regeneration of urban common goods' 
will allow not only the realization and the management of small interstitial green spaces in the city, but also the reduction of 
ordinary maintenance of green areas by the Municipality, directing part of the resources to improve the tree patrimony. 
Alert systems 
Improvement of the 'early warning' system of the population at risk of heat waves which is designed in particular for the 
elderly, who live alone or in a group, in a situation of high fragility due to problems of medical nature or social and economic 
conditions. The system is based on the forecast developed by regional environmental agency and quickly communicated both 
to the municipality and to a network of voluntary associations, involved pharmacies and care services. 

3.10 Urban green as part of an effective local adaptation strategy 

Integrating Adaptation and Mitigation Strategies to address Climate Change 'An Opportunity to Improve Waste 
Management System of Lalitpur district'  
 Amatya 
Urban Environment Management Society, LALITPUR, Nepal 
 
Abstract 
Nepal is highly vulnerable to risks of climate change as every year large number of human lives and huge property are being 
lost due to floods, landslides and drought. Nepal's contribution in Green House Gas (GHG) emissions is very negligible with 
1977.1 kg/capita but there has been serious impact in areas related to livelihood such as water resources, biodiversity, 
forestry, waste management and public health. Among various sector, the maximum growth in CH4 emission is from the waste 
sector (11.7% per annum). 
It is also widely accepted that cities are major producers of the green house emission that contribute to climate change. 
Municipal solid waste minimization initiatives only can not ensure reduction of these emissions but activities geared towards 
improved materials recycling rates, improved livelihood and living conditions and through initiatives like landfill gas capture or 
organic composting can help generate the valuable resources. 
Initiatives for Addressing Climate Change 
Waste SegregationThe adverse effects of solid waste and cost incurred in its landfill management can be minimized by 
practicing segregating of waste at the source. Municipalities in Nepal I initiates mobilizing private organizations, youths, 
students and women groups has been undertaken to generate awareness among the citizens towards this intervention. 
Awareness Raising and Behaviour Change ActivitiesThe initiatives of peoples awareness and behavioural change activities 
encourages communities to manage their household waste both biodegradable and non biodegradable on their own by 
reducing, reusing and recycling as much as possible so that there will be reduction in volume of municipal solid waste as well as 
reduction in waste management tasks. 
CompostingComposting not only provides the manure to farmers who are facing the scarcity of getting chemical fertilizer at a 
very high price, but also reduces large stream of solid waste to be disposed of at landfill site as well as reduce the methane gas 
production in the environment. 
Roof Top GardenThe concept of urban agriculture in the roof top of urban residents by practicing terrace kitchen gardening. 
Green Homes ProjectThe concept of green homes is introduced to enhance sustainability and adapting climate change 
impacts in long rum as it is imperative to include eco-friendly practices and to curb the energy consumption in the housing 
sector both embodied in construction and operation.  
 
 
Creating Green, Water Sensitive Streets the Danish Way - Developing and Designing with and for the Citizens 
 Rémy 
EnviDan A(S, COPENHAGEN, Denmark 
 
Municipal water company Nordvand, of larger Copenhagen, has gathered a team of experts and consultants to work together 
with local residents in designing and implementing green, climate adapted and cloudburst robust streets in the area of 
Gedvad, in Gladsaxe municipality, a northern suburb to Copenhagen. The process of developing masterplan, design and 
concepts has been unique in the way the citizens of the area have been involved to a great extent. All residents have been 
invited to (and many attended) a series of grand project meetings, where the design and layout of their streets have been 
gradually developed in collaboration with the residents. Between these meetings voluntary citizens support groups have 
worked more closely with Nordvand and the consultant-teams in working out the more detailed specifications and actual 
layout of the areas masterplans. 
The presentation will outline the process of designing the green streets of Gedvad, highlight lessons and experiences and 
examples from the process and show the final design, but also the trials and errors leading to the final result. The presentation 
will shed light on and explore the challenges and opportunities in transforming existing traditional, residential, suburban 
neighborhoods into vibrant, green and water sensitive, multifunctional streets, taking inspiration from existing green streets in 
USA (Seattle) and Canada (Vancouver B.C.). 
Following questions will be addressed: 
What is the history and key elements of green water sensitive streets 
How can the examples from US and Canada be implemented in a Danish context 
How does active citizens participation add to the quality and benefits of green streets and sustainable design and development 



What are the main challenges in relation to this transformation 
 
 
Urban and roadside trees in times of climate change 
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Cities benefit from urban trees in various ways. They improve amenity values, e.g. by regulating the microclimate, providing 
shade or upgrading streets, places, promenades and courtyards. Urban trees, especially roadside trees, are exposed to 
deleterious conditions which differ substantially from those of their natural habitats. Often they have to cope with drought 
stress, dust and air pollution, road salt, compact subsoil and many other stressors. As a consequence their life expectancy is on 
average at most half of the one of trees situated in the surrounding countryside. Climate change will deteriorate these already 
unfavourable conditions in the upcoming decades. It is already apparent now that some of the well-established species in 
European cities have problems to cope with the changing climate conditions. Drought and heat stress have a very direct impact 
whereas increasing pathogenic risks are rather indirect consequences of climate change.  
It is in this context that the innovative project 'Urban and roadside trees in times of climate change' of the Thuringian Institute 
of Sustainability and Climate protection (ThINK GmbH) and the Institute of Forestry Botany and Zoology of the Technical 
University Dresden develops a concept to enable municipalities to adapt their urban tree population to changing climate 
conditions also taking into account site specific urban patterns. The pilot-project is carried out in close cooperation with the 
Department of Urban Development and the Environment of the City of Jena, Germany.  
Future, site-specific conditions of the urban tree population, i.e. for the period 2071 - 2100, are determined by means of 
cluster analysis. Clustering of inner-city locations is based on anthropogenic parameters, e.g. road salt, traffic emissions and 
soil sealing, as well as climate parameters, e.g. temperature, drought, wind speed, microclimate, and other influencing factors, 
e.g. slope and soil. As the decision to plant a particular tree species at a specific site is also influenced by various other aspects, 
e.g. aesthetic or cultural demands, these also have to be considered when developing recommendations to facilitate a climate 
(change) sensitive selection of tree species in urban planning projects.  
The project delivers area-specific suggestions, i.e. information on the level of single streets, avenues, parks or promenades, for 
suitable tree species comprehensively taking into account the local context, i.e. location-specific climate change impacts as 
well as various design-related aspects.  
 
 
Nature-based urban planning: enhancing green areas design for local climate regulation 
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In 2013 the European Union launched, with its new Strategy for adaptation to Climate Change, a strong call for Nature-based 
solutions. However the application of Nature-based actions for Climate Change Adaptation in cities is still rare at European 
level. The main reason is the little awareness about the potential of green areas to ameliorate climate change effects. 
Pursuing the optimum use of resources equates to design a green area for meeting a specific purpose - such as local 
temperature regulation- and the provisioning of the service varies largely in quantity and ratio depending on the biophysical 
structure of the ecosystem. For this reason aware design is crucial. Increased research effort is needed to quantify how 
ecosystems provide services and to respond to a lack of information relevant to local scale decision making (Larondelle and 
Haase 2013). 
This paper presents a methodology to optimize the provisioning of local climate regulation services in terms of heat waves 
adaptation through green areas design. 
We investigate how changes in the ecosystem structure influence the ecosystem service provision in order to better meet 
human wellbeing. The structure of an ecosystem is defined by its attributes, such as soil cover or tree canopy coverage. 
Specifically, we address three research questions: 1) which are the attributes of green areas that affect the provision of 
climate-related ecosystem services (ES)? 2) which combinations of attributes permit the best functioning performance? 3) 
which messages can be learned for green areas design? 
The methodology represents a step-wise process for assessing and designing green areas focusing on their local climate 
regulation performance. The proposed methodology is tested in the city of Amsterdam. Results provide a spatial explicit 
classification of green and blue areas according to their local ES provisioning. Additionally, insights about the most promising 
planning solutions for upgrading the cooling performance of ecosystems are provided -for example in areas smaller than 2 
hectares is more worthwhile to improve the tree canopy coverage instead of the soil cover. 
This study enables planners and decision makers to have an overall picture about their city's ecosystems cooling performance 
and to rank priorities for action to enhance the response of the city to heat waves -considering context implications. 
Further research is currently undertaken to assess the cooling effect of green areas outside their boundaries and match it with 
the spatial distribution of beneficiaries to investigate demand and supply patterns. 
 
 
GREEN AGRICULTURE FOR RURAL ECONOMIC GROWTH: A CASE STUDY OF SONGHAI KATSINA INITIATIVE 
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This paper examined Green Agriculture for Rural Economic Growth: a Study Case of Songhai Nigeria Initiative. The study 
derived its data from secondary and primary sources. The study finds out that in 2006/2007 the Federal government of Nigeria 
adopted the initiative in some of her States to solve the problems of women and youths unemployment, insecurity of farmers, 
food insecurity and environmental challenges. The major actors in this initiative are; the Federal and State governments. it was 
revealed that an average of 500 farmers were annually trained in each of the Nigeria State Songhai center and farmers were 
drawn from AFAN and cooperative associations, coordinated by the respective State ADP. The study unfolded that the major 
sources of loans for trainees of the State Songhai Centers to boast their agribusiness after graduation was the BOA. This study 
also highlighted some key lessons; first, that most of the Songhai centers promote crop diversification with respect to the 
peculiar environmental conditions experienced at the different locations. Second, that Songhai Nigeria Centers have good 
research facilities and functional irrigation systems promoting improved seeds, high yields and tackling environmental 
challenges despite the unstable weather conditions. Third, that Songhai centers have a functional wastes recycling plans, such 
that wastes emanating from poultries and grasses are used as input for agronomic crop production. However, the study 
pointed out that poor electricity constituted a challenge in most communities where these farm centers are established. 
Interestingly, the study recommends: that for other national governments to replicate the Nigeria Songhai initiative in their 
countries, they should (i) take a well-coordinated multi-partnerships approach. (ii) adopt the good practices by Nigeria States 
Songhai centers in their key local plans/policies. (iii) provide farmlands to Songhai graduates to established their own farm 
business and to ensure continuity. (iv) provide storage, processing and good market structures as well as (v) good source of 
electricity in the area. Thus, the studies concluded that the lessons from Songhai Nigeria represents a world model in 
conservative agricultural practices as it provides the platform for rural communities to utilize, manage resources sustainably, 
while promoting national economic development. 
Keywords: Songhai, Trainees, crop diversification, irrigation, recycling, crop production, economic development. 
 
 
Excess green areas in social housing neighborhoods present cities with a storm water solution. - And could it potentially be a 
win - win?  
 Martinussen 
Orbicon, ROSKILDE, Denmark 
 
Approximately one fifth of all dwellings in Denmark is found within the social housing sector. This number is even higher in the 
great cities (36% in Copenhagen). Rather characteristic for many social housing areas are their extensive green areas. This 
circumstance applies particularly to the developments from the period of the Danish functionalism (1930’s-1960’s). This has 
several explanations. Green areas was seen as a positive contrast to the compact and overpopulated city center. Furthermore 
families of the working class were rather child rich and as the apartments were small the extended green areas became a 
necessary extra space for both play and household activities. Several other planning ideals of the social housing areas belongs 
to specific mindsets and conditions of past eras. Many Danish architects and landscape architects were for example inspired by 
Lewis Mumford, who believed that city parts should be self-sufficient and not dependent of the city center (the Metropol) - 
therefore neighborhoods were laid out as rather introvert city parts with limited relations to the surrounding city.  
Time has changed. Today the notion on segregation has become a main concern in Danish city planning. Physical isolation is as 
a major challenge to the housing areas, where homogeneous groups of socioeconomically disadvantaged residents are 
distanced from the remaining population. Furthermore the markedly decreased number of children and people in general in 
the housing areas has left the once well used green areas as deserted, and this only adds to the desolated impression of the 
sites. 
What next? Undeveloped square meters in city regions is a scarce resource of today. Yet areal availability is crucial for a city 
trying to adapt to bigger and more frequent storm water events. In Denmark living nearby water fronts and water in general 
has become more and more popular since the 90's. Can rainwater from the surrounding city comprise a physical and strategic 
boost for isolated and desolated housing areas? And could it be the missing link to the surrounding city? The social housing 
sector holds the areas yet lacks finances to develop it fruitfully with added functional and recreational value. Surrounding 
stakeholders needs an end destination for their rainwater, however they are ready to invest. Is it a win - win? Orbicon believes 
so.  
 
 
Green City Solutions - The CityTree 
 Splittgerber 
Green City Solutions, DRESDEN, Germany 
 
Worldwide every 8th death is caused by air pollution and over 50% of the world's population lives in cities. Dwellers are 
suffering of syndromes like stress, asthma allergies, bronchitis and cancer caused by heat, noise and air pollution. These 
environmental impacts are even worsened by climate change. Therefore Green City Solution (GCS) was founded to provide a 
climate infrastructure. 
It is based on a vertical plant wall that filters the air, cools the surrounding and reduces noise. 1682 plants in single pots are 
filtering the air, each one is growing in moss which serves as a substrate (no soil is needed). Due to recent studies mosses are 



excellent for filtering fine dust because of their great enlarged surface with more than one million leaflets and there rootless 
metabolism. The combination of the moss as optimal substrate and the plants for reducing wind speed and shading the moss 
accelerate the filter capacity of both species. Thus a symbioses is formed in each pot. Placed due to a numerical analyses of the 
air and particle flow in hotspot areas, this natural filter can reduce the air pollution up to 30%. The capacity is possible by 
considering natural flows such as wind and artificial flows caused by road traffic. In a street canyon this makes it more efficient 
than common plants like trees. 
As the plants cool down the ambient air through evaporation on their leaf surface a climate change adaptation service is 
provided. This is enhanced by the fact that air pollution has a direct correlation to extreme weather events. 
To lift the natural capacities a sophisticated structure with automated irrigation, water and energy supply was created. The 
integrated photovoltaic system energizes the whole control engineering, measurement and data transmission technology. 
Furthermore, the combination of photovoltaic system and water capturing system enables the fully free-standing structure be 
optimal positioned. 
 
 
Implementing local adaptation strategies that incorporate urban green - lessons from green city practice 
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Getting local adaptation strategies implemented is only one of the many challenges that cities face. Actual implementation in 
city practice would be easier if such strategies would also address other city issues, like (re)vitalization of the working and living 
environment. Especially in those cases where municipalities are depending on other city actors to take action in CC adaptation. 

Incorporating ‘urban green' in the adaptation strategy has the capacity to combine tasks: it may not only offer effectively 
buffering against extreme weather events (esp. heavy rainfall and heat), but also improve the overall quality of city life. For 
businesses, a greener appearance of business sites and neighbourhoods may yield higher employee satisfaction, higher 
corporate real estate values, higher scores on Corporate Social and Environmental Responsibility rankings, and a better 
competitive advantage. For residents, greening their neighbourhoods may result in lower health costs, higher residential real 
estate values, higher appreciation of the residential environment and more societal support for sustainability actions. Its 
multiple benefits and cost-effective character is a major reason why green CC adaptation strategies are being implemented in 
ever more cities worldwide. To get corporate and private actors (financially) participating in adaptation plans, it is important 
not only to present the benefits of urban green in general terms, but to specify and - if possible - quantify the benefits for each 
city practice case and actor. 
Lessons from green city practice 
ALTERRA Wageningen UR, the Dutch applied research institute for the Green Living Environment, has studied which green CC 
adaptation solutions may offer which co-benefits for which city actor. Together with the Dutch Deltares institute, we 
developed the Adaptation Support Tool that enables urban planners, designers and project developers to explore to what 
extent introducing blue-green measures (from green roofs up to urban parks) may contribute to adaptation targets and quality 
of city life. We have years of experience in practical work with corporations (SMEs and multinationals), residents and 
governments at the strategic, planning, design, up to the realization and maintenance level. Based on this experience, we 
developed approaches for the successful implementation of urban greening strategies. At ECCA we will present how our 
approaches and accompanying tools may support those in city climate adaptation practice who consider the use of urban 
green as a promising way to reach adaptation targets.  
 
 
Building with Nature in urban areas: Climate adaptation in the Rotterdam harbour region, the Netherlands 
 Groot 
Deltares, UTRECHT, Netherlands 
 
Sustainable development is crucial if we are to maintain river, delta and coastal environments around the world, and the 
ecosystem services they provide that are essential for humankind. They include provisioning services, related to the supplies of 
food and other products; regulatory services, related to natural processes such as water purification and flood control; and 
cultural services, related to recreational, spiritual and other non-material benefits that people derive from nature.  
Building with Nature designs 
It is crucial that we learn to design infrastructure that can serve more than just one purpose, that is aligned with natural 
processes rather than working against them, and that is adaptable to cope with changing conditions such as sea level rise and 
climate change. Traditional approaches focus on minimizing the negative impacts of envisaged infrastructure projects (building 
in nature) and compensating for any residual negative effects (building of nature). As a next step beyond these ‘reactive' 
approaches, Building with Nature aims to be proactive, utilizing natural processes and providing opportunities for nature as 
part of the infrastructure development process. 
Adaptable solutions 
The Building with Nature approach promotes the consideration of more gradually developing solutions. Especially when used 
in combination with traditional, proven technologies, this approach can lead to cheaper and more aesthetically appealing 
solutions that adjust or can be adjusted to changing circumstances. 
Building with Nature in urban areas: the Rotterdam harbour region 
As part of the 2nd innovation programme Building with Nature the project 'Building with Nature in urban areas' was started in 



2013. The project goal is to develop knowledge and expertise on Building with Nature concepts in the urban area, to make the 
knowledge available for use in (inter)national projects and to stimulate the use of Building with Nature concepts by spreading 
the knowlegde in tutorials. To reach these goals we demonstrate Building with Nature concepts in showcases and generate 
knowledge from these showcases. One of these showcases is the Rotterdam harbour region. 
Successful application of Building with Nature concepts in the Rotterdam harbour region provides different challenges. This 
region is characterized by a tidal system which provides different ecosystem services. Improving water quality, biodiversity, 
recreation and economy are ambitions which are prominent on the political agenda. In the presentation we will show the 
challenges and results.  

WORKSHOP 3.6 Cities and climate change impacts - Bridging the scales between case 
studies and large scale city analysis 

Influence of urban land cover changes and climate change for the exposure of European cities to flooding during extreme 
precipitation 
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The extent and location of impervious surfaces within urban areas due to past and present city development strongly affects 
the amount and velocity of run-off during high-intensity precipitation and consequently influences the exposure of cities 
towards flooding. The frequency and intensity of extreme precipitation are expected to increase in many places due to climate 
change and thus further exacerbate the risk of pluvial flooding. Improved knowledge of the individual and combined impacts 
of urban land cover changes and climate change towards the risk of flooding is critically needed for city administrations and 
local governments when planning for climate proof cities.  This paper presents a methodology for examining the influence of 
recent observed changes in urban land cover for European cities for the exposure to flooding under present and future climatic 
conditions. A combined hydrological-hydrodynamic modelling and remote sensing approach is used to simulate the occurrence 
of (and related flooding during) a range of extreme rainfall events under current and expected future climatic conditions, and 
for different levels of urbanisation, which corresponds to historical (1984) and current (2014) urban land cover conditions. The 
approach is applied for eight European cities, representing different climatic conditions and historical urbanisation trends 
within Europe. Remotely sensed Landsat moderate resolution (30m) satellite imagery are analysed using a regression 
modelling approach to quantify historical changes in impervious surfaces. The outputs of the remote sensing analyses are 
combined with regionally downscaled estimates of current and expected future rainfall extremes to enable 2D overland flow 
simulations and flood hazard assessments, and to compare the relative influence of land cover changes with that of expected 
climate change. Preliminary results show that the influence of recent land cover changes for flood exposure in European cities 
are in the same order of magnitude as what can be expected as a result of 2 degrees global warming (RCP4.5), and thus that 
urban planning play a central role for the vulnerability to flooding within urban areas. 
 
 
Environmental Awareness and Perception of Climate Change at the local level: evidence for Brazil 
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We learn from economics that individuals respond to stimulus. This basic statement does not change when we analyze natural 
events and feedbacks. There are two basic differences, however: (1) some individual actions cause little harm to public goods 
in the short run, and (2) not all natural events have an immediate impact on people's life. As extreme events become more 
frequent and intense, and as environmental stress starts affecting people's life more directly, the general population starts 
reacting. The type of reaction comes in different, multiphasic ways: increase in environmental awareness, support for public 
programs to improve environmental quality, and engagement in pro-environmental behavior. Studies addressing these 
dimensions are increasingly important in an age of growing environmental stress worldwide. 
Based on two recent datasets for Brazil, we analyze how sociodemography and environmental knowledge and perception are 
linked. We start our analysis using the 2012 nationally representative cross-section data from the Brazilian Ministry of the 
Environment. We apply path analysis and confirmatory factor analysis to estimate links between socioeconomic and 
demographic characteristics, and public awareness of environmental problems. We complement the analysis with latent class 
models to understand if people differentiate local from national environmental problems. We then move to a local level 
probabilistic sample of 1,200 households in Governador Valadares (GV), Brazil, to understand public perception of climate 
change and some perceived change in temperature and precipitation patterns. These perceptions are then compared to 
objective data on precipitation and temperature provided by the Brazilian Institute of Spatial Research (CPTEC-INPE). Some 



qualitative information from the GV survey helps elucidate the perceived reasons for people's perception of temperature 
change as well as their own understanding of what climate change means. Governador Valadares was chosen because river 
floods are recurrent in the area, reaching thousands of households every other year. Its urban environment has undergone 
dramatic changes in the last decades, creating an ideal scenario for flooding: riparian deforestation, river silting, unplanned 
occupation of riverbanks, and garbage and sewage discharge into the river. Thus, people in this are frequently exposed to 
environmental stress, partially cause by historical environmental degradation. 
Understanding how environmental stress is perceived, which stakeholders are seen as responsible for promoting pro-
environmental intervention, and how well people map environmental stress and climate change onto their daily lives can 
provide useful information to support effective public communication of environmental stress, facilitating civic engagement in 
pro-environmental action and support. 
 
 
Pan-European assessment of urban climate change impacts 
 Guerreiro, Dawson, Kilsby, Glenis 
Newcastle University, NEWCASTLE UPON TYNE, United Kingdom 
 
A pan-European assessment of urban climate change impacts, developed as part of the FP7 RAMSES project, will be presented. 
Changes in drought conditions, heat-waves and floods in all Urban Audit cities (571 cities throughout Europe) will be shown. 
This study was done using datasets that are available for all Europe and is a very high-level assessment. This allows the 
application of the same methodologies for all European cities, thus delivering comparable results, but hinders the applicability 
of the results to any particular city. 
Drought and heat-wave impacts were assessed based on outputs from the latest generation of climate models (the CMIP5 
ensemble) for the representative Concentration Pathway (RCP) 8.5. All available model runs with outputs of daily rainfall, 
minimum and maximum temperature were used in this study (57 model runs) in order to properly assess the uncertainties 
associated with the future projections. 
A physical urban flood model - CITYCAT (City Catchment Analysis Tool) was run for all the European cities to assess pluvial 
flooding. This is, to the best of our knowledge, the first time an urban flood model was applied on a continental scale, being 
therefore a methodological breakthrough in the effort of connecting large scale and city scale studies. Despite this, problems 
of computing power and the resolution of available Europe-wide Digital Elevation Models (DEMs) still need to be overcome. 
Comparisons between the low-resolution pan-European CITYCAT results and high-resolution (case-study) results will be shown 
and discussed. 
There is an urgent need for bridging the scales between case studies and large scale analysis of impacts of climate change in 
cities. Our study is unique in terms of the number of cities considered and the range of impacts analysed and it would be 
extremely interesting to discuss how this top-down analysis could be better integrated with city-scale case studies. 
 
 
Towards a quantitative evaluation of climate change vulnerability of urban and other smaller political/administrative 
entities: lessons from macro indicators 
 Murillo, Chawla, Coffee 
Notre Dame Global Adaptation Index, SOUTH BEND, United States of America 
 
National macro indicators have been criticized for various reasons, among them, the hiding of the reality of small political 
entities. Indeed, these smaller entities might be in dire need of interventions but such need is 'hidden' by the progress of the 
nation's thriving regions. This is particularly relevant in nations that present heterogeneous geophysical, socio-economic, 
political, and even religious characteristics. Given that around 70% of green house gas emissions are produced by cities and the 
majority of national population reside in cities, accurate and objective answers are needed in order to focus the different 
measures. 
In this paper, we highlight the main challenges in getting data for the evaluation of vulnerability to climate change of these 
smaller political or administrative entities. We also highlight our knowledge acquired from our three-year long experience with 
the development of a vulnerability to climate change indicator. We address issues such as the applicability of the 
Exposure/Sensitivity/Adaptive Capacity cross-cutting components to urban areas; general data availability for small entities; 
quality and reliability of data available from government and other sources. We also address the various techniques that can 
help in advancing towards a quantitative evaluation of these entities. 
 
 
Cities in Transition under Possible Climate Change Threat in Bangladesh 
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Bangladesh delta believes to be world's one of the most sensitive spot regarding high population pressure, intensive land use 
change, environment degradation, massive population migration from rural areas to urban areas etc. In addition, situation is 
liable to be further vulnerable due to consequences of possible climate change and sea-level rise impact. Until now food 
production supports ever-increasing population by implementing modern technology and better systems management but 
food production will tend to decline due to saturated production capacity. Rapid land use change in regional scale results from 



intensive economic activities. Improved crops have brought soil already in critically exhausted level raises environmental 
vulnerability. Possible climate change impact in addition to rapid land use transformation, particularly in the coastal areas, 
brings complexity in situation. Displacement of population from their traditional activities instigates massive migration of 
whom a big part settles in cities making cities vulnerable to socio-physical environmental problems. Major tasks in front appear 
are the adaptation of migrated population into the city systems where urban population will be more than 50% of country's 
total population by 2025. The informal economic sectors in cities largely accommodate this migrated population which does 
not receive much investment from formal system, neither there exists any complementary mechanism to adjust this 
population. It is believed about one-forth population of Dhaka city lives in slums and contributes to city's economy. They have 
their own social, cultural and internal governance system that makes them resilience to external problems. Government's 
policy towards population growth, urban employment management, environment management and rural land management 
appears to be insufficiently integrated, although enough attention is already paid. Out of many positive achievements viz. 
decreasing growth of population and fertility rate, effort to convert population to skilled force, overall improvement of social 
index are worth mentioning and government's integrated approach to combat climate change impact in a global system are 
perhaps few possible effective measures brings light in dark.  
 
 
Meso- and micro-scale urban climate projections 
 De Ridder, Lauwaet, Hooyberghs, Maiheu, Lefebvre 
VITO, MOL, Belgium 
 
We present (and put into contrast) urban climate simulation results recently obtained with agglomeration-scale (UrbClim) and 
microscale (ENVI-met) models. 
UrbClim has the advantage of being computationally very efficient , thus allowing long simulations, covering up to tens of 
years. This model was applied to several cities in Europe, the results clearly showing that cities experience about twice as many 
heat wave days annually in comparison to their rural surroundings. Moreover, urban climate projections conducted with 
UrbClim revealed that by the end of the century, cities are at risk of a ten-fold increase of the number of heat wave days, 
reaching almost a month every year.  
At the other end of the resolution spectrum, the microscale model ENVI-met was applied to a public square in the city of 
Antwerp. The main goal here was to conduct scenario simulations to assess the effect of adaptation measures to local climatic 
conditions. From this exercise it emerged that the use of vegetation induces strong but often very localised effects.  
In our presentation, we will focus on the advantages and limitations of each approach.  
 
 
Forecasting how regional spatial planning affects built form and the potential of water management to reduce climate 
change impacts 
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This paper reports on findings from the ReVISIONS research project (Regional Visions of Integrated Sustainable Infrastructure 
Optimised for NeighbourhoodS) that tested the impact of regional spatial planning on the potential for decentralised 
infrastructure technologies. The project developed a regional forecasting model of land use interaction and socioeconomic 
accounting (LUISA). It tested spatial planning options such as compaction or market led dispersal and over a 30 year period 
how they would affect the spatial allocation of socio economic activities and the average urban density per zone. A statistical 
method was developed based on an analysis of English House Condition Survey data to convert average densities into a 
distribution of dwelling types and plot sizes to represent the variability of the dwelling stock. These were approximated by 
systematically selecting one-hectare 3D tiles from a predesigned set of dwelling typologies. Each tile included the dwelling 
characteristics and land areas. The occupancies, demands and potential for decentralised supply technologies were then 
modelled at the building scale for each tile type. This enabled the forecasts of socio economic characteristics and demands to 
be combined with built form and supply at the local scale. The tiles encapsulate information about the occupancy demands, 
costs and retrofitting and decentralised supply potential according to the development type and technology policy scenario. 
The method has great potential for research on how built environment interventions at different spatial scales can affect the 
adaptation of cities to climate change. The paper will outline the modelling method and how this has been used for testing 
technology scenarios for buildings and energy. In particular, the paper will discuss ongoing research on water management to 
test how settlement patterns and urban densities affect the potential for decentralised water systems to better balance 
supply-demand of water and to reduce runoff therefore contributing to flood risk management. It will discuss initial findings 
and how these methods could be used for climate adaptation research. 
 
 
Vulnerability of Mexican critical infrastructure networks in the face of disaster´s risk by the impacts of climate change 
 Lopez-Lopez 
National Politechnic Institute, MEXICO CITY, Mexico 
 
By its geographic location, topography and socio-economic aspects, Mexico is especially vulnerable to the impacts of climate 
change and climate variability. As proof of this El Nino and La Nina phenomena are cited, as well as the extreme hydro 



meteorological events that regularly beat the country which have resulted in serious damage and disasters in several 
productive sectors in recent years. 
The capacity for prevention and response to these changing climatic events are essential to generate safer and more prepared 
areas to face the uncertainty of the conditions of the environment, making it as response projects and studies to indicate the 
vulnerability to climate change of regions and cities, focusing on the human capital, the quality of existing and future 
infrastructure and taking into account climate trends that have affected the country in the last decades. 
The product or findings of these initiatives offer to inhabitants and public decision-makers of the main Mexican cities a point of 
reference about the vulnerability and potential risks caused by climate change to which their populations face. 
These paper aims to expose the results of these initiatives and suggest some measures for the preparation of the university 
students and the incorporation of the variable climate change in major projects that includes the National Infrastructure 
Program that worth 600 billion dollars. 
 

4. Adaptation in different sectors  

4.1 Reducing coastal vulnerability in Europe: science, policy and application 

Social - cultural aspects in coastal vulnerability and risk reduction: perspectives for end users and policymakers 
 Martinez 
Ecologic Institute, BERLIN, Germany 
 
Due to the impact of climate change, current practices of coastal management have to be reassessed in Europe and elsewhere. 
It is generally acknowledged that more integrated, adaptive and collaborative approaches are needed in order to adapt to the 
growing impact of climate change. In different European countries, these processes of re-orientation have different tempi, 
different dynamics and different outcomes. To understand these differences and to learn from them, it is important to analyze 
how historical and contemporary characteristics of coastal management regimes in Europe developed, why they differ and 
how these differences impact upon the current transition process for risk reduction at coasts in Europe. Important factors that 
explain these differences can be derived from theories of path-dependency. The institutional context and the specific 
characteristics of the socio-cultural regime, as well as its historical evolution are relevant factors to explain current differences 
in coastal adaptation processes in Europe. 
The presentation will focus on the first results of the multidisciplinary research endeavor on socio-cultural aspects regarding 
resilience, preparedness and action to risks at European coast of the RISC-KIT project. The approach investigates in regional 
particularities of history, socio-cultural traditions and provides empirical evidence on the cultural differences in risk assessment 
and management in coastal regions in North-Western, Southern and Eastern Europe and what this means for end-users and 
policy makers. 
 
 
Emilia-Romagna: coastal threats and measures 
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The coastline of Emilia-Romagna, northern Italy, is characterised by very different levels of anthropization, changing between 
natural zones with dunes and highly developed stretches protected by breakwaters and groins. The ICZM effort (set-out by 
Regional Law 645/2005) is mainly concentrated on preserving the areas that generate a significant income for the regional 
economy. 
Coastal storms between 1946 and 2010 have been analysed as a part of a storm catalogue initially built during the MICORE 
project (www.micore.eu) and currently maintained by the Regione Emilia-Romagna as an internal tool, for reporting storm 
damages from peripheral offices to the head office of the Geological Survey (SGSS). A detailed catalogue of each storm that 
occurred was created and is available in a printed report form and is also available online for data analyses and reporting. All 
the information on more recent events are being archived by SGSS. Thanks to the cooperation between the RISC-KIT project 
(www.risckit.eu) and SGSS the synthetic information on the storm events have been translated into English and standardized 
according to the protocols accepted for the development of a EU-wide database, which includes all the RISC-KIT sites. Post-
storm Surveys are regularly performed since 2010.. 
Within the current Regional Civil Protection protocol for the Emilia-Romagna coastline, three-day wave and water level 
forecasts are undertaken daily by the HydroMeteoClimate Service of Emilia-Romagna (ARPA-SIMC- www.arpa.emr.it/sim/) A 
series of critical storm thresholds have been identified. When exceedance of the thresholds is predicted, a warning is issued to 
Civil Protection.. 
An Early Warning System was created as a prototype within the MICORE project and is used to predict hazardous conditions 
following a regional-scale application of the original prototype. The numerical model chain described above provides the 
boundary conditions for Xbeach model 1D runs along a series of significant areas which historically experienced damage. Alerts 
are issued based on two Storm Impact Indicators (SIIs) named Building Waterline Distance (BWD) and Safe Corridor Width 
(SCW). If the distance is below certain pre-defined thresholds, an alert is automatically issued and is then discussed within an 
operative panel (Functional Centre). 
With regards to a more strategic approach to coastal flooding hazard, the EU Floods Directive 2007/60/CE and Marine Strategy 



Framework Directive 2008/56/CE are being used to produce hazard and risk maps. The regional authorities have already 
completed the mapping phase as required by the EU Floods Directive. 
 
 
Hamburg: Holistic approach to flood risk management in the Elbe Estuary 
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Following the latest research findings (KLIMZUG- Nord, 2014) and the IPCC report (2013) the Elbe Estuary is likely to be 
exposed to higher probability and duration of storm surges. Consequently, the existing flood protection infrastructure can be 
subjected to higher hydrodynamic loads that go beyond their design values. At the same time, the increasing urbanisation of 
the area behind the protection line leads to the potential increase in the flood risk. A thorough understanding of the complex 
estuary system exposed to present and anticipated hazards is of crucial importance for the responsible authorities to 
anticipate the potential impacts of the climate change on the flood risk and develop adequate adaptation strategies. The 
interactions between floods, their impacts and the adaptation strategies to mitigate the flood risk should be studied, taking a 
socio technical system as a domain. 
This presentation introduces a systematic approach to assess and manage flood risk of the Estuary system in a holistic manner. 
An overarching sociotechnical platform is being developed that involves the key stakeholders of the Elbe Estuary, who liaise 
with each other and make use of the technical platform within the Learning& Action Alliances. On the technical side, the 
hydrodynamic models have been developed and deployed utilizing the GIS-based open source modelling platform Kalypso 
(http://sourceforge.net/projects/kalypso/) to assess the present and future hazards to the stability of the protection structures 
along the Elbe Estuary, their probability and risk to failure. They are coupled with the risk assessment model in order to assess 
the flood risk before and after the application of flood adaptation strategies. The adaptation strategies considered vary from 
polders, dike relocation to the non-structural responses such as evacuation or flood resilient technology. In order to provide a 
user friendly platform to the responsible authorities, the models are automatically connected and executed. The key 
stakeholders interact with the platform by accessing the domain of their interest (operational or strategic), creating different 
adaptation scenarios and analysing their impact on the flood risk. 
The presented research activities are a part of the FP7 project PEARL, (http://www.pearl-fp7.eu) that develops holistic flood 
risk governance strategies for coastal regions exposed to extreme events. 
 
 
Socio-economic aspects for regional scale vulnerability and risk assessment - vulnerability library 
 Viavattene 
Middlesex University, LONDON, United Kingdom 
 
Christophe Viavattene,Damon Owen, Sally Priest, Paula Micou and Dennis Parker c.viavattene@mdx.ac.uk, Flood Hazard 
Research Centre, Middlesex University 
Recent and historic low-frequency, high-impact events (2014 winter floods, Xynthia, Ligurian Flash Floods, the 1953 North Sea 
storm surge) have demonstrated the flood risks faced by exposed coastal areas in Europe. The hazard probability is likely to 
increase due to a changing climate with more frequent and violent instances of surge-driven floods, wind damage, erosion, 
overtopping and rain-driven flash flooding. The number and value of receptors in the coastal area also increases due to 
continued economic development and population growth. Yet to understand the risk it is also necessary to better understand 
and assess the vulnerability of individual receptors, the systemic vulnerability and their recovery.  
As part of the FP7 EU RISCKIT (Resilience-Increasing Strategies for Coasts toolkit) project, a coastal vulnerability indicator 
library has been produced incorporating ecosystems, built environment, human population, critical infrastructure and the 
overall characteristics of the coastal system. The library also considers how disaster risk reduction measures may reduce the 
different vulnerabilities. The library aims to provide country-specific vulnerability indicators for 11 case study sites across 
Europe. The availability and quality of indicators differs significantly between countries, hazards and receptor types and the 
presentation will outline on how the library is organised to facilitate the use of existing data and to develop new indicators, 
particularly for countries where specific data is limited or lacking. 
Finally, the presentation will describe how the vulnerability library will feed into a Coastal Risk Assessment Framework (CRAF). 
The CRAF will evaluate coastal risk at the regional scale and identify 'hot spots' to assist coastal practitioners. To solve the 
problem of scale, the CRAF will be applied in a two-step process: an exploratory phase defining potential hotspots areas along 
the coast and an assessment phase comparing and selecting the hotpot areas using more complex modelling and a multi-
criteria analysis approach. 
 <i>The work described in this abstract was supported by the European Community's 7th Framework Programme through the 
grant to the budget of RISC-KIT, contract no. 603458, and by contributions by the partner institutes.</i> 
 
 
Risk Assessment aspects: development of the Risk Assessment Framework and onTology (RAFT) 
 Vojinovic 
UNESCO-IHE, DELFT, Netherlands 
 



Coastal floods are one of the most dangerous and harmful natural hazards affecting urban areas adjacent to shorelines. Rapid 
urbanisation combined with climate change and poor governance means a significant increase in the risk of local surface 
flooding coinciding with high water levels in rivers and high tide or storm surges from the sea, posing a greater risk of 
devastation to coastal communities. The threats posed need to be addressed not just in terms of flood prediction and control, 
but taking into account governance and socio-economic issues. The present paper discusses the FP7-ENV-2013 EU funded 
PEARL (Preparing for Extreme And Rare events in coastaL regions) project which brings together world leading expertise in 
both the domain of hydro-engineering and risk reduction and management services to pool knowledge and practical 
experience in order to develop more sustainable risk management solutions for coastal communities focusing on present and 
projected extreme hydro-meteorological events. The PEARL Risk Assessment Framework and onTology (RAFT) (RAFT) approach 
draws upon the complexity theory and the use of complex adaptive system (CAS) models as tools to identify root causes of 
vulnerabilities and their multi-stressors and to analyze risk and the behavior of key actors. This approach starts from the root 
cause assessment through enhanced FORIN methodology, event prediction, forecast and warning, identification of adaptive 
structural and non-structural strategies and development of cost-effective risk-reduction plans. The project combines 24 
partners and it aims to demonstrate its methodologies, tools and techniques on several European, Asian and Caribbean case 
study sites. 
 
 
Environmental conflicts in coastal areas: a quantitative approach 
 Bramati 
Sapienza University of Rome, ROME, Italy 
 
Competing interests in land-use change trigger conflicts between institutional bodies, local residents,land developers and 
environmental NGOs. This is even more dramatic in fragile areas such as coastalregions, which are characterized by intense 
human and environmental activity. Moreover, increasingurban expansion around metropolitan areas often disregards 
environmentally sensitive areas and iscountered by both institutional response and regulation. This results in a conflicting 
coastal environmentcharacterized by minimal urban planning, sprawl, pollution due to industrial expansion, climate changeand 
land use competition between residential and recreational development and cultural heritageconservation interests.We 
present an econometric analysis of environmental resource management in coastal metropolitanareas. Surprisingly, there is 
only a small amount of literature on a quantitative approach to environmentalconflicts and land-use in coastal areas. This 
paper contributes to the current state of knowledgeby suggesting an econometric model which encompasses the main 
relationships between land-use,population dynamics and economic development.Not only are environmental risks and 
sustainability taken into account in the model equations, butvariables related to human mobility, employment, land for 
housing, agriculture and land in pristine stateare also considered. These key indicators are thought to be endogenous to the 
system and to predict theprobability of conflict occurrence. Furthermore, likely conflict-types are estimated under various 
simulatedscenarios. Uniquely, we utilize simultaneous equation modeling where both human and environmentalpressures 
combine in driving conflicts. The empirical results show that environmentalsustainability and housing land use are key 
determinants in mitigating conflicts in areas experiencingdemographic, economic and climatic pressures. 

4.2 Adaptation to changing flood risk 

Making adaptable decisions on flood protection infrastructure in the face of climate change uncertainty: A Bayesian 
framework 
 Dittes, Dr. Olga Spackova, Prof. Dr. Straub 
Technische Universität München, MÜNCHEN, Germany 
 
The planning of flood protection infrastructure with its long life times is significantly affected by present and future 
uncertainty. In order for policy makers to make responsible yet economical decisions, there is a need for superseding the 
traditional approach of designing for worst case or for a 'reasonable' range of cases by that of designing measures such that 
they are adaptable (Kwakkel et al., 2010): when adaptable strategies are used, the protection level can be changed later during 
its lifetime when new evidence becomes available or new requirements arise with low cost. If non-adaptable strategies are 
implemented, the initial investment is lower but the change of the protection level in the future, if needed, is costly. Examples 
of adaptable flood protection measures are flood walls with larger foundations than those needed for the actual height of the 
wall or flood dikes with space reserved for future extension. 
We introduce a quantitative definition of adaptability and develop a Bayesian probabilistic decision model that allows 
optimising flood protection taking adaptability into account. Our focus is on climate scenario uncertainty and particularly on 
the associated uncertainty of the trend in extreme rainfalls. Our decision model mitigates for this by basing its protection 
recommendation on an ensemble of climate scenarios. 
The hypothesis underlying our analysis is that the current regulations on flood protection will remain in place in the future. The 
current standard in Germany, which we adhere to, is to protect for a 100-year flood (i.e. an event with annual exceedance 
probability 0.01). Due to climate change, the magnitude of this design event will likely change. Agencies take the possible 
change into account through a climate factor - the recommended protection level taking into account the climate change 
relative to the protection level necessary under current conditions. Applying the climate factor creates a reserve ensuring that 
the protection measure will comply with the required protection, e.g. protection from a 100-year flood, also in the future. At 
present, the required climate factor in Bavaria is 1.15 and it is independent of the type of flood protection measure. However, 



for measures that can be adapted in the future without excessive cost, it is uneconomical to apply the same climate factor as 
for those whose later adaptation is costly. Using our framework, one can determine the optimal climate factor based on a 
quantitative analysis differently for different types of measures depending on their adaptability and cost. 
 
 
Assessment of Flood Losses with Household Responses: Agent-based Simulation in an Urban Catchment Area 
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Coastal urban areas with high population density and human welfare exposed are often regions vulnerable to multiple 
hazards, in particular to floods and storms. Although flood risk management helps mitigate flood impacts, there have only 
been a few explorations on the significance of the interaction between flood risks and responses. This study developed an 
agent-based model as an instrument to simulate the process of individual households' losses reduction through flood response 
investment and damage control. The model implements a subjective response framework in which agents assess flooding 
scenarios according to warnings, and decide whether to invest in response measures to reduce potential inundation damages. 
Adopting a Digital Elevation Model (DEM) as the modeling environment and a building map of household locations, the model 
integrates characteristics of specific households using data from preliminary surveys, guideline-based interviews and literature. 
Households may have several flood response preferences and actions but they all require investments which are consequently 
considered as part of the flood loss. A case study has been carried out in the Ng Tung River basin, an urbanized watershed in 
Northern Hong Kong. Preliminary results show that exposed property value, flood warning information and rainstorm 
conditions all contribute to household flood losses. The simulation results indicate that in-time, accurate and widely-covered 
flood warning plays a significant role in reducing flood loss, and earlier investment in response measures is more efficient than 
late actions. This dynamic agent-based modeling approach has demonstrated its capability to analyze the risks of flooding to 
people and the effects of individual household response, therefore has the potential to contribute to flood emergency 
planning, e.g. to determine the optimal arrangement of response facilities throughout the city and beyond. 
 
 
Thailand's 2011 Flood: Household Damages, Compensation and Natural Catastrophe Insurance 
 Srisawalak, Dr. Francisco, Dr. Zakaria 
Economy and Environment Program for Southeast Asia (EEPSEA), BANG BUA THONG, NONTHABURI, Thailand 
 
This study looks into how households' experience with the July-December 2011 flooding in Thailand influences their desire to 
have flood insurance coverage. It also evaluates coverage and flood depth as the two salient features of the National 
Catastrophe Insurance Fund (NCIF), which was established in March 2012 in response to the 2011 Thailand flooding. 
Altogether 600 households were interviewed in this study to represent the middle and poor households from three areas in 
Thailand: Nonthaburi, Bangkok, and Pathum Thani. The households' flood experience was represented by three variables: (1) 
damages incurred; (2) compensation received; and (3) level of the flood depth inside their houses. The household survey 
revealed that damages averaged USD 2,393 for poor households and USD 8,087 for middle households with average flood 
depth being 127 cm and 83 cm, respectively. Computed damage cost includes both direct costs (damages to property and 
expenses to repair or replace, cleanup costs) and indirect costs (time spent of family members and volunteer workers as well 
as loss of earnings). Middle and poor households affected by the floods received compensation from the government 
averaging at USD 683 to USD 734. The NCIF offers a maximum coverage of THB 100,000 (USD3,100) for a maximum flood 
depth of 1 m inside the house. This is clearly higher than compensations received, particularly since low-income households 
experienced an average flood depth of 127 cm. Unfortunately, these households had no insurance coverage. The same is true 
for the middle-income households. At 83 cm, had they secured a disaster insurance, the coverage received would have been 
higher than the compensation they received from the government. Unfortunately only 7% of those interviewed had disaster 
insurance coverage. What prevents people from getting insurance? This study found out that despite the bad experience from 
Bangkok flooding and that over half believed that there is more than 70% chance that a flood as severe as 2011 will reoccur in 
the next five years, only 22% of low income households and 37% of middle income households would be willing to purchase 
disaster insurance. Factors affecting this willingness include: having prior information about the NCIF flood insurance, age and, 
value of house with households having younger decision-makers, higher house prices and being more likely to purchase flood 
insurance. 
 
 
Flood Risk and Vulnerability mapping in Climate Change scenarios - A tool for the insurance industry 
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Portugal, due to its characteristics, is very exposed to floods and there is no doubt that our territory will suffer significant 
damage caused by this type of events. 
Founded by the Portuguese Association of Insurers, the CIRAC project (Flood Risk and Vulnerability mapping in Climate Change 



scenarios) developed a tool to assess flood hazards, providing benchmark indices that assist different stakeholders in making 
strategic decisions. The study area for this project was divided into two scales: a national-scale, where a vulnerability 
assessment was developed with the possibility of analysis up to the equivalent of an urban block, and a local-scale for regions 
considered to be very vulnerable, based on the combination between the probability of flooding with the potential adverse 
consequences to human health, the environment, economic activities and cultural heritage. 
A modular concept of flood vulnerability was developed that enables adding and removing different components providing 
flexible information that aims to reflect different user needs. Three main indexes were developed: (i) a Basic Flood 
Vulnerability Index (BFVI) that characterizes the exposed infrastructures in terms of propensity to floods due to the natural 
terrain configuration; (ii) a Flood Vulnerability Index (FVI) that characterizes the exposed infrastructures in terms of propensity 
to be affected by floods and the population's ability to cope with it; and finally (iii) a Combined Flood Vulnerability Index (CFVI) 
that gathers the physical susceptibility, exposure and precipitation characteristics in a combined index enabling the extraction 
of the contribution of each vulnerability component. 
At the locale-scale the risk assessment aimed to identify and quantify the expected damages resulting from floods. For the first 
time, a systematic study of flood risk integrating climate change was developed for the following cities: Lisbon, Porto, Vila Nova 
de Gaia, Algs and Coimbra. The results are based on annual average risk maps that were calculated using: a) flood maps 
containing the water height for different return periods; b) damage maps at the building scale calculated from damage curves, 
which relate the water height with the average potential damage. 
A web based platform was developed with a set of visualization techniques to interactively analyze geo-referenced and time 
sampled data sets, providing an integrated mechanism that aids the user to collaboratively explore, present and communicate 
visually complex and dynamic data. 
 
 
CHANGING FLOOD RISK IN MEDITERRANEAN SPAIN IN THE LAST 100 YEARS 
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We analyze the flood evolution in Catalonia for a 100 years period with special attention to the different driver factors and the 
different adaptation and mitigation measures taken along the time. With this aim the communication follows two different 
approaches. The first approach (based on a continuous series) deals with floods evolution in the Ter catchment, considering 
one rural region (Ripoll-Camprodon) and an urban one crossed by the river (Girona) that has experienced recent floods. In this 
case flow and rainfall data are available as well as information about the changing infrastructures that have affected the fluvial 
area and surrounded region. The second approach (based on specific events) deals with the analysis of the major flood events 
recorded in the region and how the existence (or not) of different adaptation and mitigation measures as well as the different 
socioeconomic scenarios have driven (or not) to catastrophic damages. We compare events like the floods recorded in the 
Pyrenean region in October 1940 and November 1982, with more than 500 mm and 90 and 14 deaths, respectively, or those 
flash-floods recorded in the coastal region in September 1962 and June 2000, with near 250 mm in less than five hours and 
815 and 5 deaths respectively. The existence of prevention measures, the role played by Civil Protection plans and the 
emergency management and the occupation of flood-prone areas will be analyzed. Hydrometeorological information to 
support all these analysis is also considered. Both approaches allow analyzing how vulnerability factors can affect the threshold 
from which catastrophic floods can be produced.  
The study is based on the archive information created by the team and updated for this presentation, mainly the flood 
databases INUNGAMA (1900-2010) which considers 375 flood events (Llasat et al, 2014), PRESSGAMA (1981-2010) with more 
than 16000 news and HISTOGAMA (from XIV Century on) - built up as part of the European SPHERE project. The presentation is 
developed in the framework of the HYMEX project and the Panta Rhei action 'Change in Hydrology and Society'. 
 
 
(Economic) tipping points for adapting flood risk management to climate change in the EU 
 Jeuken, Burzel, L.M. Bouwer, Haasnoot 
Deltares, UTRECHT, Netherlands 
 
The EU research project 'Bottom-Up Climate Adaptation Strategies for a Sustainable Europe' (BASE) aims to increase local 
knowledge for developing adaptation pathways, and integrate this bottom-up knowledge with top-down knowledge to assess 
the effectiveness of costs and benefits of adaptation strategies at different scales in order to support sustainable decision 
making on climate change adaptation in Europe. In the end BASE will provide improved estimates of cost and benefits of 
adaptation to climate change upscaled and integrated into sectors at EU-level. 
To assess adaptation options for Flood Risk Management at a European scale, a European scale flood assessment model is 
employed to calculate annual expected damage at a high resolution over river basins across Europe The model simulates both 
a reference period (1960-1999) as well as two climate (IPCC RCP4.5 and 8.5) and socio-economic scenarios (high growth and 
low growth SSP) projected to 2050 and 2100 taking into accounts best estimates of current protection levels across Europe. 
Model results for the reference period have been evaluated using ground data and data from local studies. It is assumed that 
policy changes in flood risk management could be triggered by different causes: for instance a significant increase in the 
frequency of occurrence of extreme events or an increase of the expected annual damage resulting from research. In this 



paper different thresholds (adaptation tipping points) are explored systematically that could indicate a need for adapting flood 
risk management practices using the flood risk model. Results show how different tipping points under different climate and 
socio-economic scenarios to lead to earlier or later need for adaptation across countries and river basins in Europe. We also 
developed European scale pathways for flood risk management We assess theperformance/effectiveness of the associated 
adaptation options, both for two climate scenario and and two SSP's. This resulted in a map with early adaptors and 
identification of promising options. 
 
 
Potential of flood-damage reducing measures implemented by households to address current and future flood risk 
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Despite considerable public efforts to reduce the risk of natural disasters, floods continue to cause substantial social and 
economic losses in Europe. In the future, flood risk is expected to further increase in many regions due to socio-economic 
development in risk-prone areas and the effects of global warming on water resources. 
To address current and future flood risk and the considerable uncertainties associated with these developments, flood 
damage-reducing measures implemented by private households have become an integral component of integrated flood risk 
management concepts in many countries. However, despite the growing responsibility of private households to contribute to 
damage reduction, knowledge on the implementation of such measures over time, their (overall) damage-reducing effect and 
their potential to offset the projected increase in flood risk, is still scarce. Moreover, little is known on the influence of flood 
preparedness measures on the long-term recovery process of private households following a flood event. Insights into these 
aspects are crucial to decide, whether private flood preparedness measures should indeed be stimulated to complement 
public adaptation efforts. 
To gain a better understanding in this respect, empirical data gathered during household surveys along major German river 
courses, such as the Rhine and the Elbe, are analysed. Amongst other things, results show that flood preparedness measures 
developed gradually over time with severe floods being important triggers for an accelerated implementation. It is also found 
that household-level adaptation can substantially reduce individual and overall damage caused by flood events, thus releasing 
the burden from public authorities in terms of recovery. Moreover, a review of the scientific literature indicates that increasing 
the level of implementation of damage-reducing measures could be a viable strategy to address the projected increase in flood 
risk in many places and to account for the associated uncertainties. 
Based on these findings it is concluded that private flood preparedness measures can be a promising approach to complement 
public efforts to reduce the risk from flooding in Europe. 
 
 
Comparing apples to oranges. Flood Risk Governance Arrangements in six European countries 
 Matczak, Lewandowski, Chorynski, Kundzewicz 
Institute for Agricultural and Forest Environment, Polish Academy of Sciences, POZNAN, Poland 
 
Climate change, land-use and land-cover changes, as well as increase in exposure and damage potential, exert pressure on 
societies to prepare for likely increase of flood risk in many places. Measures taken to enhance preparedness to this natural 
hazard have to be both multifaceted and coherent. A significant shift in flood management paradigm has been apparently 
discussed in last decades - from the one focused primarily on defence to a more diversified one, based on several strategies, 
with prevention and mitigation playing a more prominent role. However, little is known whether (and if yes - to what extent) 
these shifts were actually implemented in countries' flood risk management strategies? In this paper we present the 
comparative aspect of the analysis of shifts in flood risk management strategies in six European countries, through the concept 
of the Flood Risk Governance Arrangements. Within this approach, insights from policy scientists and legal scholars are used to 
identify, analyse, explain and evaluate stability and shifts in flood risk management practices. Influence of of both internal-
external and vertical-horizontal factors helps to explain shifts of the arrangements. We describe the FRGAs with the use of four 
dimensions: resources, discourses, rules and actors, and eventually compare FRGAs in the six European countries (Belgium, 
France, the Netherlands, Poland, Sweden, and the UK). We describe, analyze, explain, and evaluate the main similarities and 
differences between the in terms of development and performance of Flood Risk Governance Arrangements and discuss their 
scientific and societal importance. We also identify both opportunities and constraints in the countries' flood risk 
management. This paper focuses on the comparative aspect of the study, presenting conceptual and methodological 
background of the study. The reported work has been accomplished within the STAR-FLOOD (Strengthening and Redesigning 
European Flood Risk Practices Towards Appropriate and Resilient Flood Risk Governance Arrangements) project of the 7

th
 

Framework Programme of the European Union. 
 
 
Accounting for Urban Development and Flood Risk in an Integrated Modelling Framework 
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Flood risk in cities is strongly affected by the development of the city itself. Many studies focus on changes in the flood hazard 
as a result of, for example, changed degrees of sealing in the catchment or climatic changes. However, urban developments in 
flood prone areas can affect the exposure to the hazard and thus have large impacts on flood risk. Different urban socio-
economic development scenarios, rainfall inputs and options for the mitigation of flood risk, quickly lead to a large number of 
scenarios that need to be considered in the planning of the development of a city. This calls for automated analyses that allow 
the planner to quickly identify if, when and how infrastructure should be modified. Such analysis, which accounts for the two-
way interactions between city development and flood risk, is possible only to a limited extent in existing tools. 
We have developed a software framework that combines a model for the socio-economic development of cities 
(DANCE4WATER) with an urban flood model. The urban flood model is a 1D-2D spatially distributed hydrologic and hydraulic 
model that, for a given urban layout, simulates flow in the sewer system and the surface flow in the catchment (MIKE FLOOD). 
The socio-economic model computes urban layouts that are transferred to the hydraulic model in the form of changes of 
impervious area and potential flow paths on the surface. Estimates of flood prone areas, as well as the expected annual 
damage due to flooding, are returned to the socio-economic model as an input for further refinement of the scenarios for the 
urban development. 
Our results in an Australian case study suggest that urban development is a major driver for flood risk and vice versa that flood 
risk can be significantly reduced if it is accounted for in the development of the cities. In particular, flood risk in a scenario with 
strong urban growth and almost a doubling of the amount of sealed area in the catchment was found to remain almost 
unchanged, if flood hazards where used as a constraint on the urban development, i.e. as an input to the socio-economic 
model. 
Further developments will focus on improving the socio-economic model, on the evaluation of flood damages as well as the 
required complexity of the hydraulic model. 
 
 
Green Infrastructure Planning and Adaptation Decision-making under Climate Change for a Flood Resilient Community 
 Chen, Tung 
National Taiwan University, TAIPEI, Taiwan 
 
This study targets on the resilience of a community under the impact of extreme rainfall and pluvial flooding. A systematic 
procedure of adaptation is proposed. To facilitate adaptation decision-making, related approach including hourly-rainfall 
weather generator, risk assessment model, and spatial optimization planning are adopted or developed. Moreover, the 
procedure of decision-making is applied to a design case, which demonstrates the steps needed to assess the flooding risk and 
to enhance the flood resilience of a community. The developed hourly-rainfall weather generator is used to generate a design 
storm for the scenario of climate change, to better understand the possible impact of extreme rainfall on the surface runoff 
and the pipe system. With the design storm of the concerned return period and duration, the assessment of the flood risk for 
current and future scenario are conducted. In this study, EPA Storm Water Management Model (SWMM) is used for 
hydrological simulation. Considering functionality and sustainability, the study focuses on the Green Infrastructure (GI) as the 
adaptation strategy. Therefore, a model of spatial optimization planning is proposed, which aims at identifying the optimal 
allocation of GI and the attempts to generalize the influence of GI design on the mitigation of flood disaster. Based on these 
efficacy analyses, an adaptation pathway can be build up for further implantations of the adaptation plan. The result indicates 
that the weather generator reproduce similar statistical properties as the current hourly-rainfall event, which shows the 
capability of the approach to duplicate the rainfall features. For the simulation of flood depth and duration, the result of the 
risk assessment is proofed to be reliable given appropriate setups and parameters. Combined with SWMM, the spatial 
optimization model prioritizes the configuration of GI according to the cost effective analysis and gives suggestions on the 
adaptation strategies. These results are then used for clarifying the importance of different GI locations on flood reduction, 
which is supposed to be helpful in more efficiently planning of GI. On the whole, the decision-making procedure is applicable 
to the drainage management to build up a flood resilient community under climate change. 
 
 
Assessing future flood risks and adaptation options in an Alpine watershed 
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Due to a combination of climate change and socio-economic development, damage caused by flooding is expected to increase 
in many regions of the world. In this study, current and potential future flood risks are assessed for a case study area in the 
Austrian Alps. Following a common concept of risk, investigations include flood hazard and impact models. The flood hazard 
analysis integrates i) a downscaling of simulation runs from global circulation models, ii) hydrological modelling, iii) flood 
frequency analysis, and iv) hydraulic modelling to achieve inundation scenarios for different flood probabilities. The socio-
economic investigations comprise i) land use modelling, ii) a monetary evaluation of elements at risk and exposure analysis, as 
well as iii) an estimation of vulnerability in terms of potential building losses. Finally, flood probabilities and losses are 
combined to risk estimates for present and near-future (up to 2030) time periods. 
The results indicate that assessing potential impacts of climate change on the flood hazard is very uncertain, with little 



evidence for clear trends until 2030. Overall, the analysis reveals that for the coming decades the relative importance of land-
use management on flood losses is by far higher than possible changes due to climate change. Therefore, non-structural 
adaptation measures are becoming more and more important in flood risk management. The case study demonstrates that 
adaptation by non-structural measures such as stricter land use regulations or enhancement of private precaution is capable of 
reducing flood risk by around 30 %. Ignoring flood risks, in contrast, always leads to further increasing losses - with our 
assumptions by 17 %. These findings underline that private precaution and land use regulation could be taken into account as 
low cost adaptation strategies to global climate change in many flood prone areas. Since such measures reduce flood risk 
regardless of climate or land use changes, they can also be recommended as no-regret measures. 
 
 
The two tales of one concept - Comparing the implementation of a flood risk concept in the Netherlands and Flanders 
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In order to improve the adaptation to climate change new European-wide policy concepts are developed. So did the European 
Flood's Directive introduce a risk-based approach to flood risk management. Accordingly, flood risk management plans are 
supposed to include a variety of strategies, such as: prevention, protection and preparedness (3P). This paper illustrates that 
the implementation of a policy concept does not only depend on the physical characteristics in regards to flood risk, or socio-
economic properties; but also the existing institutional arrangement.  
Within an international comparison, this paper will analyse the different use of policy concepts in particular institutional 
arrangements. Both the Netherlands and the Flanders are implementing the policy concept of Multi-Layered Safety (MLS), 
which corresponds with the European 3 P discourse; by addressing probability-reducing measures, spatial planning measures 
and emergency management measures to adapt to the future uncertainties in flood risk management connected to climate 
change. This paper analysis how the concept was supported, hindered or adjusted within the domestic institutional 
arrangements. That includes the strategic use by different actor groups that framed the concept to favour their interests, but 
also the compatibility of the concept with the existing institutions and the adjustments necessary to increase the affinity 
between the concept and the existing policy arrangement. 
Within a qualitative policy analysis, we identified different pathways that influence the implementation of the concept in the 
Netherlands and Flanders. So is flood risk management in the Netherlands still focused on probability reduction, with the other 
strategies only supporting, whereas Flanders mainly focuses on spatial planning measures. That has broader implications for 
the strategic adaptation to an increased flood risk due to climate change, but also for the governance of flood risk 
management, i.e. the distribution of responsibilities between the public and the private, different levels of governance and the 
different sectors.  
 
 
A modular flood risk evaluation model to support flood risk management and climate change adaptation in mountain 
regions 
 Huttenlau, Schneeberger, Winter, Stötter 
alpS - Centre for Climate Change Adaptation, Innsbruck (Austria), INNSBRUCK, Austria 
 
Flooding is among the natural hazards which induce significant losses in many parts of the world. There is hardly any doubt 
that due to altered climate and social systems the frequency and magnitude of flood events will increase which likely result in 
more severe consequences to society. Integrated flood risk management helps to cope with, mitigate, or avoid flood risk. An 
inevitable contribution to this approach is knowledge about past, present, and future flood risk. Therefore the quantification 
and evaluation of flood risk is crucial in order to develop and implement appropriate flood risk management strategies. 
Especially mountain regions with complex human-environmental interactions, heterogeneous flood patterns, and short time of 
concentration are facing specific challenges in the context of flood risk management. To support decision makers a modular 
model was developed, which is able to quantify and evaluate flood risk. As building losses are one of the most relevant impact 
indicators for public authorities, but also for the insurance sector, the current model setup focus on this impact indicators. 
However, the open and modular concept provides the structure to implement further indicators. The core of the model 
consists of the three modules (i) hazard module, (ii) impact module, and (iii) risk evaluation module. 
Within the hazard module a large set of spatially distributed widespread flood events are generated. In the first development 
phase of the model flood events were generated on the basis of gauging data. In a second ongoing development phase a 
second scenario approach will be implemented applying a multi-site weather generator which is coupled with a rainfall runoff 
model. This second approach will enable the simulation of current and future flood events. Within the impact module 
potential flood losses are analysed whereas an ensemble of existing loss models was implemented. It is further foreseen to 
expand this ensemble and incorporate pragmatic approaches to consider prevention measures. Moreover it is possible to 
implement future settlement scenarios in the analysis procedure. The risk evaluation module systematically combines the 
results of the hazard and the impact module and evaluates the flood risk with focus on different purposes (e.g. annual 
aggregated losses or losses of extreme events). It is further planned to couple the model with an economic tool (e.g. cost-
benefit analysis, reinsurance coverage analysis, analysis with respect to solvency capital requirements). 
 
 
GIS-based Multiobjective-Stochastic Programming Analysis of Inundation Evacuation under Climate Change 



 Shih, Associate Hu, Professor Chang 
National Taiwan University, TAIPEI, Taiwan 
 
Climate change increases frequency and intensity of inundation problems. This study proposes a GIS-based multiobjective-
stochastic programming analysis for uncertain inundation evacuation. This research simulates stochastic flooding scenarios 
based on three uncertain factors including upstream inflow, downstream water depth, and Manning's roughness coefficient. 
Then a two-stage stochastic programming model under inundation uncertainty is built. Expansion of shelter and transportation 
capacity is decided in the first stage before flooding. The second stage determines the evacuation plan providing the optimal 
route to shelters for all residents. Further, the model with multiobjective is able to examine the tradeoff between minimal 
expansion cost and minimal evacuation time. The spatial results are analyzed and displayed on GIS system. A case study of Mu-
Zha, Taipei is conducted. 
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In this paper we estimate the impact of a major flood that hit the Italian region of Veneto in 2010 on firms' performance up to 
two years after the event. Using information about geographical locations based on latitude and longitude, we match each 
company in the region to the nearest weather station and distinguish between affected and non-affected firms on the basis of 
the quantity of precipitations received by each firm in the sample. Using firm level data and a difference in differences 
approach we compare the value added growth of the treatment group to the one of a control group of firms that haven't been 
hit by the flood. Our results indicate that the flood had negligible impact on the treated firms one year following the event, but 
two years after the event firms that had suffered from the flood experienced a growth of value added that was 6.5% higher 
than firms in the non treated control group. We then investigate the role of financial aid ad ask what would have been the 
pattern of the value added growth of affected firms after the disaster in the absence of aid flows.Using the information 
provided by the commissarial orders with which the Italian government established the municipalities eligible for emergency 
and recovery aid, we identified the firms that benefited from financial flows and constructed four mutually exclusive and 
exhaustive groups, which allowed us to separate the effect of the flood from that of financial aid. Using again a difference in 
difference procedure, our results indicate that the lack of a significant impact effect of the flood in 2011 hides an important 
heterogeneity between firms that did not and those who did receive financial aid. The former grew substantially less than 
firms in the control group, while the latter grew similarly to firms not exposed to the flood, suggesting a strong effect of aid on 
growth. Also, the 2012 positive impact of the flood on value added growth is found to be largely confined to firms that 
received aid, and only marginally to the flood itself. 
 
 
Adapting to sea-level rise in London: the Thames Estuary 2100 project 
 Wright, Corbishley, Reeder 
Environment Agency, NORWICH, United Kingdom 
 
This presentation will use the Thames Estuary 2100 project approach as an example of how to plan adaptation for high-end 
climate change projections of sea-level rise. An adaptive pathway approach was used to look all the way through to 5 metres 
sea level rise in planning for the future of tidal flood risk management for London. 
This will exemplify how the adaptive pathway approach can be used to identify key thresholds at which transformational 
change will be needed. The concepts of limits to adaptation will be presented using London and sea level as one of the few 
quantified examples to date. 
The applicability of a pathways approach to look at other issues including heat wave intensity and frequency and reduction in 
water availability will also be considered. The Environment Agency is supporting this work and some examples of how it is 
taking this forward in its own core business will be explained, together with some international applications. 

4.3 Change in Tourism: The role of Weather and Climate Services 

The importance of tourist type in understanding weather and climate driven demand sensitives 
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Tourists are a dynamic element in the tourism system and have the greatest potential adaptive capacity to weather and 
climate. For example, they can choose to avoid destinations with unfavourable weather and climate conditions, adjust their 
timing of travel, or change activity based upon climate information (forecast or average conditions). Generally, tourism 
operators and suppliers of tourism services, particularly those with large investments in fixed assets have much lower adaptive 
capacity. 
Anticipating the sensitivity of tourists to weather and climate, and their adaptation behaviour is important in order to build 



adaptive capacity within the sector to address the changing demand-side of the visitor economy, for example, to ensure that 
the supply of activities and destinations meets demand, and that marketing strategies are effective in linking tourists to 
suitable facilities and destinations. It is also important in order to ensure that future development of fixed investments, such as 
destination facilities and attractions are sustainable. 
Market segmentation - classifying customers with common needs, characteristics, and behaviours - can aid understanding of 
visitor motivations between different groups. Therefore, market segmentation analysis may also help to infer tourists' 
sensitivity and behavioural responses to weather and climate.  
We propose that segmentation of tourists in terms of their activity and level of specialisation offers a useful means to 
determine weather and climate induced demand reactions of tourists. Climate thresholds can provide a tool to anticipate 
current and future demand for different tourism activities. Furthermore, for many activities, tourists can be grouped based on 
their level of specialisation ranging from novices to specialists. Within these activity market segments, it is argued that novices 
are likely to be most reactive to weather and climate. Drawing upon research conducted for Visit Wales (the Welsh 
Government Tourism team), this paper discusses the consequences for weather and climate driven demand and recommends 
tailored adaptations for each market segment based on an analysis of climate sensitivities, to help the sector adapt to a 
changing climate. Adaptation requires coordination between tour operators and tourism businesses, such as providers of 
tourism attractions and accommodation, in addition to local and national agencies.  
 
 

WEDDAⓇ - A toolbox for managing weather and climate risks in tourism and recreation 
 Köberl, Prettenthaler, Rogler, Kortschack, Hofer, Damm 
Joanneum Research, GRAZ, Austria 
 
Dealing with weather risks is an important part of operational risk management. It has come to the fore recently due to rising 
variability of weather and climate. Weather risks amount up to 30 % of a commercial enterprise's turnover; in weather-
dependent branches - such as tourism and recreation - the rate may be even higher. 
WEDDA (WEather Driven Demand Analysis) represents a comprehensive and flexible toolbox for managing weather and 
climate risks. Modelling the demand for products or services of a particular economic sector or company and its sensitivity 
towards the variability in atmospheric conditions usually forms the starting and central point of WEDDA. Depending on the 
field of application different kinds of statistical models are used to define the dependence structure, including (panel) time 
series regression models, smooth transition regression (STR) models or general additive models (GAMs). The temporal 
(geographical) resolution may vary as well with the purpose of analysis, ranging from seasonal (national) over monthly 
(regional) to daily (local) level. Coupling the calibrated demand models to either long-term climate scenarios or short-term 
weather forecasts enables the use of WEDDA for the following areas of application: (i) Assessing the potential impacts of 
changing climatic conditions on a particular economic sector or company; (ii) Implementing short-term forecasting systems for 
the prediction of the considered indicator; (iii) Quantifying the weather risk of a particular economic sector or company using 
parameters from finance (e.g. Value-at-Risk). 
Practical experiences on the implementation of WEDDA for short-term forecasts on the demand for products or services of 
particular tourism and recreation facilities have already been gained for example in the fields of open-air swimming pools, ski 
areas, thermal spas and restaurants. These first experiences show that WEDDA represents a tool capable of supporting tourism 
and recreation facilities to better cope with (increasing) weather variability by optimizing the disposability of staff, resources 
and merchandise according to expected demand. Since coping with increasing weather variability forms one of the challenges 
with respect to climate change, WEDDA may become an important component within a whole pool of weather and climate 
services designed to support tourism and recreation facilities to adapt to climate change. 
 
 
IMPRESSIONS: Using visualisations of future climate analogues and contingent ranking to explore potential impacts on the 
Scottish economy of changed tourist preferences due to climate change related landscape change 
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The tourism industry is an important contributor to the Scottish economy. A dominant factor motivating Summer (JJA) tourism 
to Scotland is the Scottish landscape. However, this landscape is projected to change substantially over the century, influenced 
both directly and indirectly by climate change. This research presents results from the first stage of developing a simple 
tourism model that explores the potential economic impact on the Scottish economy of changed tourist preferences due to 
landscape changes that are likely to occur under climate change. Mapping of model output for the 2040s, 2070s and 2100s 
was used to find existing climate analogues that are similar to the future climate projections for seven locations across 
Scotland. The analogues were then further matched with Scottish locations based on topography, geology and land use 
characteristics and photos of both the Scottish and analogue locations were found and the Scottish photos altered using 
photoshop to show expected changes to the landscapes under climate change. A survey of UK nationals (who make up ~70% 
of summer tourists to Scotland), used contingent ranking to compare the ranking of future analogue existing location photos to 
rankings of current Scottish landscapes with and without photoshopped changes. The results from this ranking will be 
presented. They will then be used in a further stage of analysis to link to and explore the potential change in spend/night of 



tourists in Scotland as a proxy of potential economic impact of landscape change. 
 
 
WEDDA-4CPI: The use of climate demand models for planning climate proof investments. 
 Prettenthaler, Dr Kortschak 
Joanneum Research, GRAZ, Austria 
 
The demand and supply side of economic activities is often influenced by weather, even under stable climate conditions. This is 
especially apparent in the leisure and tourism industry, where favourable weather conditions are necessary for the satisfaction 
of consumers. Usually, companies in these industries have learned to cope with the variability of weather and the resulting 
demand under current climatic conditions and there are products like WEDDA (Weather Driven Demand Analysis) to efficiently 
manage the associated risks. However, when it comes to long term investment risks, firms need assistance for possible 
strategies of how to cope with climate change. So, when weather is expected to change under a future climate compared to 
today's experiences, a lot more degrees of freedom enter a model that predicts weather dependant demand. For this, we 
developed WEDDA-4CPI (WEDDA for Climate Proof Investments), that can be used to evaluate planned adaptation strategies 
to secure existing businesses but also to proof, whether planned investments are safe with respect to climate change. In this 
presentation we will concentrate on two Pan-European case studies about two touristic types, which are especially sensitive to 
a changed climate, alpine skiing and summer beach tourism. For alpine skiing, rising temperatures are expected to lead to 
reduced natural snow reliability or higher costs for artificial snowmaking and hence the attractiveness of most ski areas will 
deteriorate. According to the model results, conditions for alpine skiing deteriorate significantly for all observed NUTS 3 
regions. For the period between 2035-2065 losses in overnight stays range between 10 % and 50 %. The latter extreme impact 
is observed for some individual regions under RCP 8.5 and if we allow for maximum flexibility of visitors, both across 
destinations and across touristic activities (i.e. switching from skiing to beach winter tourism) . Compared to a world without 
climate change, ski areas in the southern part of the Alps and ski areas in the Pyrenees are more affected than other areas. 
For summer beach tourism effects are less pronounced than for winter tourism, they are usually under 10% of change 
compared to a world without climate change. While for most areas and months conditions get better, some areas will get too 
hot to be comfortable in the summer months, which is especially a problem in the south eastern Mediterranean area and the 
Black sea coast. Areas like northern Spain and southern Atlantic coast will face improved climatic conditions. 
 
 
How Climate Services help to adapt to a changing climate 
 Preuschmann, DJ Jacob 
Climate Service Center 2.0, HAMBURG, Germany 
 
Part of the Climate Service Center 2.0 activity is networking, whereby researchers and practitioners of any kind of business are 
brought together to discuss climate related issues. 
Recently the Climate Service Center 2.0 is involved to develop adaptation strategies for cities using a modular concept. This 
affects many sectors, e.g. the tourism, water, agriculture etc.. Our activities include a systematic analysis of adaptation 
strategies and vulnerability studies for areas of higher exposure to extreme weather events. Implementing adaptive measures 
should enable cities to be 'climate proof'. This methods and resulting recommendations can be used to develop and 
implement climate proof-strategies in urban areas. 
One of the major challenges in adaptation processes are the different time scales from users and producers. Climate scientists 
do their modelling and research regarding the difference for multi decadal periods. Stakeholders, e.g. in the tourism business, 
are focusing on the upcoming decade. Therefore, it is one task to persuade users for the necessity and challenges of climate 
adaptation strategies for recent and future periods (Hahne, KLIMZUG Nordhessen - Tourismus). 
Increasing occurrences of extreme weather events and a higher variability in climate do affect regional climate changes 
already. Nevertheless, the climate information for future developments is uncertain. Therefore, it is essential that users need 
to understand the sources of uncertainties and how to deal with them. Therefore, the Climate Service Center was explicitly 
involved regarding the needs of the tourism business, for as the conference 'Tourismus und Klimawandel', September 2014 in 
Potsdam.  
Within this session of adapting to Climate Change in tourism, we show past and ongoing activity in climate services for users, 
which can be of interest for the tourism sector. 
 

4.4 Governance of drought adaptation in Europe: Different regions, same challenges? 

A briefly review of climate change impacts and adaptation approaches on crop yield in the world and Malaysia 
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Among different methods for measurement of the impacts of climate change on crop production, crop simulation models are 
mostly popular in recent studies in which estimates acceptable values of yield and biomass of crops. Moreover, based on 



projected climate change it is predicted that increasing of temperature, changing in precipitation distribution, and extreme 
weather events, will influence on crop growth, development, and physiological processes, which may finally increase or 
decrease yield and biomass in different parts of the world. However, applying adaptation strategies for decreasing drawbacks 
of climate change phenomenon is imperative in water resources and agricultural sectors. For instance, choosing varieties 
resistant to water stress, changing planting date, and choosing early or late cultivars, are some adaptation methods in 
agronomic crop management in which differs from crop to crop and district to district. Since the economy and industry is 
highly correlated with agriculture in Malaysia, inquiries about climate change impacts accompany with fulfillment of mitigation 
and adaptation approaches play a pivotal role in sustainable development in future.  
 
 
Multilevel governance affecting regional drought adaptation measures 
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Regional drought adaptation policies and projects are selected and implemented in a governance context that can be 
influenced by many levels and scales, such as the EU, national government and the sub-basins under the WFD. Our paper 
shows how these governance influences, together with the hydrological conditions of the area, form a distinct setting that 
enables some and restricts other venues for drought adaptation. Drought adaptation requires clever adaptation to make the 
most of such circumstances. 
We zoom in on the regional water authority of Vechtstromen, in the Dutch Rhine -East sub-basin, and further on the most 
drought-prone area. In the northeast region of Twente, already about 90% of the water streams carry too little water or even 
run dry. Desiccation has a great impact on the aquatic nature. Lower groundwater levels reduce the river discharge with the 
impact particularly seen in spring and summer periods, when precipitation is low and river levels are maintained by 
groundwater. Not only in streams and their valleys, but also on high ground in the catchment area nature will deteriorate with 
desiccation. 
Seven implementation projects were realized: drainage systems were removed, ditches were muted, streams were shoaled 
and water storage areas were constructed. Due to these measures, it is expected that the groundwater level will rise, creating 
a water buffer for dry periods. Water management plans have been made together with the farmers, tailored to their specific 
situations. The plans include tips and tricks on how to influence the water balance by storing water, resulting in a mutual gain 
for the farmer and the adjacent nature areas. The aim of these plans is to work on drought adaptation on a small scale, fitting 
in an overall vision for the area. The intensive communication, established with the farmers, created awareness and motivated 
other stakeholders to work on drought adaptation as well. 
Over time a close collaboration with various stakeholders, including nature organizations and municipalities, has developed. In 
committees, trust relations have been built and each other's goals and visions are taken into account when planning drought 
measures water issues. This provides coherence and enables the successful implementation of drought measures. However, it 
can also be seen as a successful adaptation to deal with an inherent rather incoherent and fragmented governance context, 
illustrating the point that also the management of drought adaptation needs to be adaptive. 
 
 
Barriers and opportunities in European agricultural climate adaptation - four case studies on farmer climate adaptation to 
droughts and flooding 
 Pedersen
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Despite the fact that farmers are constantly adapting to changes in weather conditions, farmer adaptation to future trends and 
patterns of climate changes faces new and larger barriers in many parts of Europe, related to awareness, knowledge, financing 
capabilities etc. which all link to governance frameworks. Through case studies in Spain, Portugal, Denmark and the Czech 
Republic we analyse whether farmers have experienced more negative climate related phenomena (droughts, flooding, storms 
etc.) within the years they have been working at their farm. Experiences might be different in different parts of Europe - e.g. in 
Southern Europe we expect more negative farmer experiences with droughts, in contrast to Northern Europe where we expect 
flooding to be a larger problem than droughts. We analyse whether different farmer experiences of climate related 
phenomena in the four countries lead to differences in farmer perception of barriers and opportunities for climate adaptation; 
including different incentives for adaptation. Finally, we discuss the implications from a governance perspective - can the same 
type of governance regimes be used to support both drought and flooding adaptation or do we need different regimes? The 
case studies in Spain, the Czech Republic and Denmark are analysed through farmer surveys on farmer perceptions of climate 
related phenomena, and barriers and opportunities regarding adaptation in the agricultural sector. In Portugal the same 
perceptions on barriers and opportunities are analysed through farmer interviews and a Multi Criteria Analysis (MCA) to 15 
adaptation measures.  
 
 
Adaptation options to the impacts of climate change and water stress on mid hills of Nepal 
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Drying of water sources, erratic rainfall, melting glaciers, decreasing agriculture production, increase in number of pest and 
diseases are different evidences of climate change. In mid hills of Nepal, impact of climate change is high and has influenced 
water sector in terms of quality, quantity, temporal and spatial distribution. About one third of global population are living in 
countries with moderate to high level water stress and where people consume more than 10 percent of renewable fresh water 
resources. Nepal is largely dependent on rain fed and glaciers water. The increasing evidences of dry period, less and erratic 
precipitation is significantly affecting the availability of water sources. The shrinking glaciers affecting the water discharge 
mainly in mid hills region of Nepal. This has creating negative impact to both local people and ecosystem as well. Majority of 
people are dependent on rain fed agriculture which is their main source of living. 
This study was carried out in mid hills of Nepal and was focused on existing water scenario and problems and attempts to 
identify its relationship with climate, societal needs and various environmental elements. This study has identified different 
local level adaptation practices to respond impacts of climate change. The gradual decreasing discharge of spring source 
portrays the severe water problem in local community which has becoming common issues in mid hills of Nepal. In Nepal, local 
people have initiated some different adaptive strategies to deal with such problems. The use of rainwater harvesting system, 
micro irrigation system and plastic pond are promising steps. They have shifted cropping pattern to vegetable farming as a 
cash crop because of drastic decreasing of crop production due to less and erratic precipitation. This has created positive 
impact in economy of locals. Thus, it is important to assess water status and scenario where the evidences of water crisis are 
becoming more obvious and develop diverse water saving strategies so that the community will have easy access to water 
resources. And this will be possible when there is good coordination between community, government and non government 
agencies to provide enviable assistance to support locals. 
 
 
The DROP-project, benefit of governance in drought adaptation 
 Lijzeng

1
, J.T.A. Bressers

2
 

1
Waterschap Vechtstromen, ALMELO, Netherlands 

2
University of Twente, ENSCHEDE, Netherlands 

 
This paper presents insights on 1) the implementation of drought resilience measures and 2) analyses of the governance 
context in which these measures were implemented, in the 6 areas of the DROP-project: Flanders (BE), Somerset (UK), Eifel-
Rur (DE), Vilaine (FR), Vechtstromen (NL) and Groot Salland (NL). The DROP-project is supported by the Interreg IVb NW 
Europe programme.  
It is expected that North-West Europe will increasingly face drought periods that may seriously affect inter alia agricultural 
production, natural ecosystems and fresh water supplies. The recent EU Commission's review of the challenges faced by 
European water resources in the future (the 'Blueprint') states that existing policies are adequate, but the problem is in 
implementation. In addition, research highlights the importance of governance for an improved water management.  
Consequently, the DROP-project uses a double approach, both implementing innovative measures, and performing 
governance assessments to identify possible improvements to regional governance settings in 6 case study areas. The basis for 
this analysis is a Governance Assessment Tool adapted for the analysis of the resilience of the system to face droughts and 
water scarcity. Two rounds of interviews by an international team with an extensive set of stakeholders involved in the 
management of water resources in all six regions form the basis for the governance analysis.  
The implementation of drought measures included developing drought prediction models, building infrastructure for improved 
water level management, and farmer-targeted assistance to improve irrigation practices. From these experiences, the 
following transferable lessons were extracted: that every region faces needs for increased insight and data processing to better 
understand the dynamics of the water system regarding drought issues, and that the situation in the various regions of 
northwest Europe is so varied that there is a need for tailored action.  
The governance analyses produced many site-specific recommendations, as well as some that can be transferred to regions 
facing similar challenges. Among these are the need for an increased integration of flood and drought management, increased 
multilevel coordination, preparation and implementation of water demand management (by e.g. collecting data on water 
rights and uses, reviewing water rights and prices to generate incentives for use reduction), fostering the mainstreaming of 
drought risk and drought preparedness into private actors' activities, continuous attention for awareness raising, and 
increasing the synergies with agriculture, e.g. through farmer advisory services.  
 
 
Integrated approaches for designing river basin management adaptation under uncertainty 
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The implementation of the EU water and climate policies represents many policy and scientific challenges. The Water 
Framework Directive 2000 established the legal basis to achieve good qualitative and quantitative status of all water bodies, 
and requires River Basin Management Plans (RBMPs) for each river basin across Europe. The emerging challenges associated 
with climate change, in particular the potential for more water extremes, have rendered the achievement of WFD objectives 
more difficult to achieve and have exposed the need for additional mechanisms. The Blueprint to Safeguard Europe's Water 



Resources 2010 has put much emphasis on the need to develop adequate methodologies, planning and governance processes 
for integrating climate change into water management. Further scientific research is essential for ensuring that the RBMPs and 
related plans are 'climate proof', and a closer integration of social and physical sciences is more likely to yield more robust 
adaptation to the uncertain future scenarios. 
In this contribution we will present the development of an interdisciplinary framework for designing and testing adaptation 
portfolios, involving the use of hydroeconomic modelling and integrating the goals of economic efficiency, social acceptability, 
environmental sustainability and climate robustness at the basin scale. Two main significant issues will be specifically 
addressed: the integration of top-down assessments and context-sensitive bottom-up approaches, and the development of 
robust plans, given the high uncertainty regarding the future impacts from the climate-global change scenarios. 
 
 
Adaptation to less water in the future: Acceptance of solutions by local communities in the Tagus basin, Spain 
 Iglesias 
Technical University of Madrid (UPM), MADRID, Spain 
 
Here we explore flexible adaptation options to less water in different municipalities of the Tagus basin, Spain, a trans-boundary 
basin that provides water for Madrid and Lisbon. We examine the options from two points of view: What are the policy 
options for water management in view of less water in the future? How can stakeholders contribute to better adaptation? The 
first question is addressed by simulating water availability to farmers with the WAAPA model (Garrote et al., 2014) under a 
range of adaptation policy options. The second question was addressed by means of participatory research. Adaptation 
options are framed according to the local environmental, social and policy context. Results suggest that perception on the 
environmental services of water in each municipality shapes the view of local communities. The choices of the stakeholders 
that could be simulated with the hydrological model, were quantified in terms of additional water availability for the 
environment, therefore providing a quantitative measure to the qualitative solutions. Our research contributes to the 
definition of sustainable water in Europe. 
 
 
System Dynamic Modelling to assess the effectiveness of drought risk management policies at local level: some hints from 
the Apulia region (Southern Italy) 
 Vidaurre 
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Different scenarios from several climate change models forecast an intensification of drought episodes, both in terms of 
intensity and duration, in most of Western Europe and particularly in Mediterranean countries. Therefore, identifying effective 
drought risk management policies is becoming of utmost importance in order to reduce the drought impacts in these areas. 
Nevertheless, the shift from traditional crisis management approaches towards more risk-oriented approaches to cope with 
drought is slow due to several socio-institutional factors. Among the others, here we refer to prevailing technical orientation of 
drought management that imposes a one-dimensional definition of drought and drought impacts, seeing it as a departure 
from normal precipitation and a reduction in the water available. This definition seems to neglect the wide web of both direct 
and indirect impacts, and the complex cause-effect chains leading from the initial reduction of precipitation - meteorological 
drought - to the very impacts perceived by the local communities. In this work we argue that neglecting the complexity of 
drought risk management, and ignoring the ambiguity in drought risk perception could lead to policy resistance mechanisms, 
i.e. the tendency for the intervention to be delayed, diluted, or defeated by the response of the system to the intervention 
itself, including the reactions of the other actors. To demonstrate this argumentation, a System Dynamic Modelling (SDM) has 
been developed to analyse and evaluate the impacts of drought risk management policies developed by the Apulian regional 
basin authority. In particular, this study describe the results related to the GW protection policy in case of drought. The SDM 
has been developed by integrating the physical elements of the systems, with the decision models of the different agents 
interested/involved in the implementation of the drought management policies. The SDM accounted for the differences in 
drought perceptions and simulated the way problem understanding leaded to different actions to cope with drought risk. The 
preliminary results of the SDM allowed us to identify the feedback mechanisms that are hampering the actual implementation 
of the policies. The results showed that those feedbacks were activated by the regional authority ignoring the other agents' 
perception of the drought phenomenon and their actions/reactions. Starting from the results of this study, a dialogue has been 
started involving the different agents in order to overcome the main barriers to the policy implementation and to start a co-
creative decision environment.  
 
 
Extreme events and the value of climate services for agricultural stakeholders in India 
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Agriculture is a key sector in India,contributing to food security at the national level, providing subsistencemeans and 
contributing to 18% of GDP. India faces significant risks related toclimatic and meteorological hazards and has an overall low 
adaptive capacity. Providingclimate services such as seasonal and annual forecasting in developing andtransition countries is a 



relevant adaptation mean, especially in the face ofextreme events. With tailored climate services farmers can better adjust 
theirdecisions of land use and management. Wesimulate the provision and use of climatic services and calculate 
theireconomic impact, as a variation on the agricultural welfare. We use a partialequilibrium agricultural sector model of India 
(ASMIN). ASMIN mimics decisionmaking of the Indian agriculture by portraying its agricultural sector,together with its impacts 
on national markets and international trade. ASMINconsists on an objective function that maximizes the welfare of the sector. 
Theobjective function is constrained by several equations. Using ASMIN, we providea measure of the welfare of the sector for 
different degrees of precision ofinformation provided to land use and management decision makers, and comparingthe 
resulting welfare we provide a measure of the added value by thisinformation. We discuss the current conceptual approach of 
Value ofInformation, limiting it to the hypothesis of inexact information produced byclimate services, communicated in 
deficient way and imperfectly used, arguingfor a more realistic concept of Potential Value of Information (PVOI). We argueit is 
fundamental to understand which agricultural areas are most vulnerable tocatastrophic extreme events, such as in our case 
droughts, and how much tailoredclimate services can contribute to minimize the economic impact of these extremeevents. 
This understanding can help policy makers to prioritize investments on research,Information and Communication Technologies 
and capacity building to maximizethe usefulness of information from climate services. 
 
 
BeWater Project: Science and society co-creating 4 Mediterranean River Adaptation Plans to face water scarcity 
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Sustainable water management is an urgent challenge for the Euro-Mediterranean region that is exacerbated with climate 
change. Indeed, future climate projections estimate an increase of drought episodes and water scarcity, causing substantial 
socioeconomic conflicts and environmental impacts. Therefore, science and society have to join the efforts to enhance 
effective adaptation policies leading to increased resilience of the social-ecological systems at river basin level.  
BeWater develops concrete pilot studies aiming to enhance this collaboration process in the region: Tordera (Catalonia, Spain), 
Vipava (Slovenia), Pedieos (Cyprus) and Rmel (Tunisia). All case studies have in common the significant challenge of facing 
water scarcity, specially envisioning the available regional climate change projections. Indeed, in each of these 4 different 
realities there is a strong need to actively engage all relevant actors of a basin's society to ensure problem solving processes for 
adaptation. Therefore, even though the BeWater approach focuses on water as a leading motive, it also promotes an inter-
sectoral focus, allowing taking into consideration specific polices and measures to adapt agro-forest and urban environments 
to climate change. 
To reach this aim, BeWater designs participatory methods entailing proactive responses to emerging climatic changes and 
drought related pressures: an iterative process of adaptive management fostering a dialogue between civil society, public 
administration and economic sectors. 
Lessons learned indicate multidirectional and multi-sectoral knowledge transfer is crucial to enable the shift from a 
technocratic river basin management approach to innovative governance, adequate planning and integrated management 
processes to face water scarcity and drought scenarios. 
 
 
Using meteorological indicators to assist forest fire management 
 Colaço 
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To map wildfire risk, foresters perform a spatial analysis where susceptibility and hazard are considered independently before 
combined. Simultaneously the temporal dimension is also explored, where meteorology is the main focus. This dimension of 
wildfire is generally explained by weather indices as they correlate with the water content of vegetation fuels, which in turn is 
known to have a major effect not only on fuel ignition but also on fire intensity. 
Climate change scenarios foresee that temperatures will increase and that droughts will also increase in intensity and duration 
with likely consequences on wildfire hazard. The EU project DROUGHT R&SPI related burned areas in Portugal with 
accumulated anomalies in precipitation (SPI, a Standardized Precipitation Index). On the other hand, the EU project ENHANCE 
related the Weather Daily Severity Rating (DSR) with both the area burned and the number of occurrences in Portugal. 
The results of the project DROUGHT R&SPI show that a water surplus by the end of winter benefits fuel accumulation which, 
together with a deficit of precipitation from May to July, can lead to more severe and larger burned areas. This identified link 
between meteorological drought and fire-impact, allow an early-warning for the Fire System in order for forest managers to 
conduct more intense fuel management activities during Spring. Drought indicators from the two previous months can be used 
as an early-warning for fire managers to be prepared for extra-problems in controlling wildfires in the fire season. 
The results of the ENHANCE project show that, while for lower classes of DSR the number ignitions/day is very low and feasible 
for the firefighters to attack rapidly, for the higher classes of DSR more than 200 simultaneous ignitions in the Portuguese 
mainland could occur putting in jeopardy the firefighters capacity to extinguish every fire with the minimum damage to the 
elements at risk. This is important for the Fire System to be aware that during high DSR periods the number of ignitions must 
be kept to a minimum, and the detection systems and early attack should be at a maximum preparedness, in order for the 
system to cope with the amount of simultaneous wildfires. 
Combining the outputs of the projects can help the Fire System to be prepared in a medium-term for extra fuel management 
and anticipation for the fire season and in a short-term to develop extra-efforts in reducing fire ignitions, early detection and 
attack. 



 
 
Extreme events and the value of climate services for agricultural stakeholders in India 
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Agriculture is a key sector in India, contributing to food security at the national level, providing subsistence means and 
contributing to 18% of GDP. India faces significant risks related to climatic and meteorological hazards and has an overall low 
adaptive capacity. Providing climate services such as seasonal and annual forecasting in developing and transition countries is a 
relevant adaptation mean, especially in the face of extreme events. With tailored climate services farmers can better adjust 
their decisions of land use and management. We simulate the provision and use of climatic services and calculate their 
economic impact, as a variation on the agricultural welfare. We use a partial equilibrium agricultural sector model of India 
(ASMIN). ASMIN mimics decision making of the Indian agriculture by portraying its agricultural sector, together with its impacts 
on national markets and international trade. ASMIN consists on an objective function that maximizes the welfare of the sector. 
The objective function is constrained by several equations. Using ASMIN, we provide a measure of the welfare of the sector for 
different degrees of precision of information provided to land use and management decision makers, and comparing the 
resulting welfare we provide a measure of the added value by this information. We discuss the current conceptual approach of 
Value of Information, limiting it to the hypothesis of inexact information produced by climate services, communicated in 
deficient way and imperfectly used, arguing for a more realistic concept of Potential Value of Information (PVOI). We argue it is 
fundamental to understand which agricultural areas are most vulnerable to catastrophic extreme events, such as in our case 
droughts, and how much tailored climate services can contribute to minimize the economic impact of these extreme events. 
This understanding can help policy makers to prioritize investments on research, Information and Communication 
Technologies and capacity building to maximize the usefulness of information from climate services. 

4.5 Managing flood risk in the EU 

Structured Coupling of Probability Loss Distributions: Assessing Joint Flood Risk in Multiple River Basins 
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Losses due to natural hazard events can be extraordinarily high and difficult to cope with. Therefore, there is considerable 
interest to estimate the potential impact of current and future extreme events at all scales in as much detail as possible. As 
hazards typically spread over wider areas, risk assessment must take into account interrelations between regions. Neglecting 
such interdependencies can lead to a severe underestimation of potential losses, especially for extreme events. This 
underestimation of extreme risk can lead to the failure of risk-management strategies when they are most needed, namely in 
times of unprecedented events. We suggest a methodology to incorporate such interdependencies in risk via the use of 
copulas. We demonstrate that by coupling losses dependencies can be incorporated in risk analysis, avoiding the 
underestimation of risk. Based on maximum discharge data of river basins and stream networks, we present and discuss 
different ways to couple loss distributions of basins while explicitly incorporating tail dependencies. We distinguish between 
coupling methods that require river structure data for the analysis and those that do not. For the later approach we propose a 
minimax algorithm to choose coupled basin pairs so that the underestimation of risk is avoided and the use of river structure 
data is not needed. The proposed methodology is especially useful for large scale analysis and we motivate and apply our 
method using the case of Romania. The approach can be easily extended to other countries and natural hazards. 
 
 
Towards Multi Sectoral Partnerships for managing flood risk in the EU 
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The ENHANCE project aims at developing and analysing new ways to enhance society's resilience to catastrophic natural 
hazard impacts. It analyses and develops new multi-sector partnerships (MSPs) between public and private sectors, with 
emphasis on the financial sector. Key for achieving the goal is to analyse new multi-sector partnerships (MSPs) that aim at 
reduce or redistribute risk, and increase resilience 
Flooding disasters in the Balkan, UK and Germany have shown that extreme flood events are now a major concern in Europe. 
Flood losses have increased significantly over the past few decades and in 2011, global flood losses caused over $100 billion in 
economic losses. These trends are projected to increase further in certain regions of the world as a result of climate change, 
and socio-economic changes such as population- and economic growth in areas vulnerable to disasters.  
Current MSPS in the EU, such as across EU member states when applying the the EU Flood Directive and the EU Solidarity 



Fund, are targeted to manage and compensate flood risk, but projected flood risk may require additional policies and 
information. For example, improved empirical information on losses, the costs of flood adaptation and the effectiveness of 
flood management strategies is needed. Furthermore, the EU has embraced the Hyogo Framework for Action (HFA) (UNISDR, 
2007), to stimulate disaster risk reduction. In order to stimulate disaster risk management measures, stakeholder partnerships 
are needed to lower and manage risk, across different geographical scales (from household to country levels), and across 
different sectoral levels. These novel partnerships often comprise a cooperation between the public and private sector, and 
are referred to as Multi Sectoral Partnerships (MSPs). 
The ENHANCE project supports the EU for preparing policies for these challenges and to stimulate effective MSPs. The project 
offers methods to assess the underlying drivers in flood risk trends. It also shows the role of human decision making in 
developing disaster risk reduction policies and to apply economic instruments to reduce, compensate and transfer risk. 
 
 
Stimulating household flood risk mitigation investments through insurance and subsidies: an agent-based model approach 
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In the period 1998-2009, floods triggered roughly �52 billion in insured economic losses making floods the most costly natural 
hazard in Europe. Climate change and socio/economic trends are expected to further aggrevate floods losses in many regions. 
Research shows that flood risk can be significantly reduced if households install protective measures, and that the 
implementation of such measures can be stimulated through flood insurance schemes and subsidies. However, the 
effectiveness of such incentives to stimulate implementation of loss-reducing measures greatly depends on the decision 
process of individuals and is hardly studied. In our study, we developed an Agent-Based Model that integrates flood damage 
models, insurance mechanisms, subsidies, and household behaviour models to assess the effectiveness of different economic 
tools on stimulating households to invest in loss-reducing measures. Since the effectiveness depends on the decision making 
process of individuals, the study compares different household decision models ranging from standard economic models, to 
economic models for decision making under risk, to more complex decision models integrating economic models and risk 
perceptions, opinion dynamics, and the influence of flood experience. The results show the effectiveness of incentives to 
stimulate investment in loss-reducing measures for different household behavior types, while assuming climate change 
scenarios. It shows how complex decision models can better reproduce observed real-world behaviour compared to traditional 
economic models. Furthermore, since flood events are included in the simulations, the results provide an analysis of the 
dynamics in insured and uninsured losses for households, the costs of reducing risk by implementing loss-reducing measures, 
the capacity of the insurance market, and the cost of government subsidies under different scenarios. The model has been 
applied to the City of Rotterdam in The Netherlands. 
 
 
Improving flood risk governance: opportunities and barriers stemming from a combined social science and legal analysis 
 Van Rijswick, Ms Bakker, mr. Hegger 
Utrecht University, UCWOSL, UTRECHT, Netherlands 
 
The implementation of a multi-layer approach to Flood Risk Management requires innovative Flood Risk Governance 
Arrangements (FRGAs). These should address several societal domains, including water management, spatial planning and 
disaster management. However, insights into how flood risk governance arrangements contributing to multi-layered 
approaches can be designed and implemented are still limited and fragmented. This paper therefore aims to contribute to 
insights in the possibilities of innovative flood risk governance arrangements by providing an overview of the results gained 
thus far in the ongoing EU FP7 project STAR-FLOOD. In this project, policy analysts and legal scholars from The Netherlands, 
Belgium, Sweden, France, Poland and England have made a study at their country level based on desk research and a limited 
number of qualitative semi-structured interviews with key actors. The authors of this abstract have translated the findings in a 
preliminary overview of relevant similarities and differences between the countries. The corresponding author will discuss 
these findings with the audience. Since the STAR-FLOOD project, as one of the session's co-organisers, is the only project that 
has incorporated legal expertise, the focus of the presentation will be on the outcomes of the legal analysis. The findings 
reconfirm that one-size-fits-all solutions for improving flood risk governance do not exist. Nevertheless, this exploration of 
similarities and differences does provide an overview of the scope for action of various actors. The findings will enable 
policymakers and practitioners to critically reflect on their own flood risk governance practices and provide them with ideas for 
improving them. 
 
 
Adapting to changing circumstances: the Thames Estuary 2100 plan 
 Quarmby 
Thames Estuary Flood Risk Programme, LONDON, United Kingdom 
 
Communities in London and along the Thames Estuary benefit from world-class tidal flood defences but increasing pressures, 
including climate change, mean that flood risk is increasing. In response to a changing Estuary we produced the Thames 
Estuary 2100 Plan (TE2100) in 2012 following 300 studies and investigations over the course of 6 years. The Plan sets out how 
to manage flood risk across the Estuary up to the end of the century. The plan has been approved in November 2012 and will 
be implemented. For the first 25 years the main recommendation are: 



continue to maintain the current flood defence system including planned improvements 
ensure effective floodplain management (emergency and spatial planning) is in place across the estuary 
safeguard areas that will be required for future changes to the flood defences 
monitor change indicators including sea level rise and climate change (to continue through to end of century) and review plan 
as required 
The recommendations will be implemented by a project management team(TEAM2100) that has been specifically established 
for this purpose. This can be in the role as a regulator, statutory advisor to local authorities in the planning process, and by 
managing flood risk to communities. TEAM2100 is promoting innovation and achieving greater efficiencies - doing more for the 
environment, for less, reducing flood risk while saving up to 100m over ten years compared to previous ways of working. 
We will present the approach that has been followed in the development of the plan to which a multitude of organisations 
have contributed, and the innovative ways to achieve more for less. The lessons we have learned will be shared, and the 
conditions that make such an approach suitable and sustainable (legal, financial, etc.). 
 
 
The EC and disaster risk reduction and flood risk management 
 De Lannoy 
EC- DG Echo, BRUSSELS, Belgium 
 
The European Commission is strongly committed to risk management and vulnerability reduction as critical components of 
poverty reduction and sustainable development strategies. The Commission has developed substantial expertise in disaster 
risk management, from prevention to preparedness and response. Resilience building is a clear priority both domestically and 
in the work in humanitarian aid and development. The new Civil Protection legislation has a very strong focus on preparedness 
and prevention policy and action. Domestically, the Mechanism sets out new commitments to developing further risk 
assessments, the assessment of risk management capabilities, the use of peer reviews for Member States to learn from each 
other in managing disaster risks, as well as the knowledge and evidence base for disaster management. 
Risk management measures are being integrated in a number of key EU policies and financial instruments, including climate 
change adaptation, ecosystems, water, flood risk management, risk financing, and research and innovation. Through regional 
policy the EU makes significant financial assistance available to Member States, their regions and cities in order to invest in risk 

prevention and management. In particular about �6.5 billion were allocated to risk prevention, including flood prevention, 

during the 2007-13 programming period. Estimates for the new 2014-2020 period show that between �7 and �8 Billion 
would be invested in risk prevention and management and adaptation to climate change. 
Besides these practical direct investments, there are also several directives that contribute to reduce flood risk, as for example 
the Flood Directive and the Water Framework Directive. During implementation of these directives lessons have been learned 
and challenges that are not addressed yet have been identified. For instance on flood risk management partnerships to reduce 
or to cope with risk, the legal and governance aspects of flood risk management, and on the economic appraisal of different 
types of risk management measures. During this presentation an overview is given on how flood risk management and DRR 
have been implemented at within the EU, and an outlook is presented on some of the challenges lay ahead. 
 
 
Changes in flood risk management in Germany after flooding in 2002 and 2013 
 Thieken 
University of Potsdam, POTSDAM, Germany 
 
After the severe flood in 2002 that caused damage of 11600 million EUR, Germany was again hit by widespread and severe 
flooding in June 2013. Taking the risk management cylce and a comparison of the two events as a framework, recent 
achievements of flood risk management strategies and measures in Germany, in particular flood warning, risk awareness and 
private precaution of flood-affected residents as well as flood insurance, will be presented. This includes a reflection of the EU 
Floods Directive and the role of different stakeholders in flood risk managment, such as governmental and private institutions 
(e.g. insurances), but also affected individual households and companies. 
 
 
The economics of adaptation to climate change 
 Hunt 
University of Bath, BATH, United Kingdom 
 
Following the publication of the EU's 2013 Adaptation Strategy, there is a need for user-orientated methodologies and 
evidence relating to economic appraisal criteria to inform the choice of climate change adaptation actions. These will, amongst 
others, use analysis that incorporates cross-scale governance under conditions of uncertainty. We will present the preliminary 
results of our work within the ECONADAPT project, on the application of adaptation economics on key decision areas for key 
users of such information. 
Key decision areas include: management of extreme weather events modified by climate change that have high impact costs in 
the short term; appraisal of projects where the costs of climate risks are borne over long time periods; appraisal of flows of 
large-scale EU funds where the case for climate resilience needs to be made; macro-economic effects of climate change risks 
and adaptation strategies at Member State and EU levels, and; appraisal of overseas development assistance aimed at 
reducing the damage costs of climate risks in less developed countries. We further develop the knowledge base on the 



economics of adaptation to climate change, and this knowledge is converted into practical information for decision makers, in 
order to help support adaptation planning. We will share how this is implemented within our project. 

4.6 Cross-scale linkages between Nordic and global mitigation and adaptation in the land 
use sector: results from NORD-STAR 

Modelling Autonomous Adaptation to Climate Change in the Agricultural Sector and the Environmental-Economic 
Implications in the Nordic Region 
 Nainggolan, Professor Termansen, Dr Christensen, Dr Zandersen 
Aarhus University, Department of Environmental Science, ROSKILDE, Denmark 
 
Agricultural sector faces both opportunities and constraints due to a changing climate, for which the direction and magnitude 
vary from one region to another. Accordingly land managers will need to adapt in different ways to climate change and the 
associated drivers, which may involve shifts in their agricultural land uses. In this paper, we develop a spatially explicit model to 
investigate the influence of existing climatic variation (along with biophysical and socioeconomic factors) on rural/agricultural 
land use patterns. The model is then used to explore how projected future changes in climate may trigger important shifts in 
rural/agricultural land use. The outcomes of the land use change modeling are subsequently used to analyze the 
environmental (GHG emissions both as direct and indirect effects) and economic consequences of the predicted land-use 
changes. The timescale of the modeling extends to up to the year 2100. The model is applied to the Nordic region 
encompassing heterogeneous agricultural production (both types and intensities), biophysical and socioeconomic 
characteristics, and policy influence. The fundamental assumption of the model is that current land use patterns in the region 
reflect optimal allocation and that in future land managers will respond and adjust their land use portfolio accordingly in order 
to put their land resources into best use under the new climate regimes. Enforced by the resolution of the accessible data, the 
spatial units of our analysis correspond to Municipality levels. Preliminary results of the model evidence marked climatic 
signals in the existing configuration of agricultural land uses in the Nordic region. For example, growing degree days have 
positive marginal effects on the land use share of cereals and oil seeds while growing season length is favourable for grass and 
potatoes. Accordingly, autonomous adaptation to future climate likely triggers substantial agricultural land use shifts across 
the region. The area shares of some agricultural commodities are expected to increase (e.g. cereals and oil seed) at the 
expense of the shrinkage of the others (especially grassland). These climate-driven future land use shifts can have profound 
environmental and economic implications. The research findings have the potential to inform effective climate change 
adaptation strategies for rural/agricultural land use in general and in the Nordic countries in particular. The model will provide 
an analytical platform for further investigating the possible consequences of different future scenarios not only in terms of 
future climate change projection but also in terms of potential environmental and agricultural policy directions. 
 
 
Farmer Perceptions of Climate Change and Likely Responses in Danish Agriculture 
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We consider how Danish farmers perceive climate change and which factors exert the most influence on crop choice as an 
adaptive response. Based on a survey of farmers across Denmark (1053 responses), we investigate perceptions of climate 
change and elicit the importance of climate change as a determinant of adaptive behaviors relative to other pressure factors 
on agriculture. We add to the existing literature by building on our knowledge of farmers' responses to climate change by 
determining which factors exert the most influence on stated - rather than assumed - changed behavior. Farmers are 
accustomed to coping with year-to-year changes in climate, but human-induced climate change is expected to accelerate the 
need and magnitude of farmers' adaptation (Wheeler & Tiffin, 2009). Since any policy aimed at mitigating or adapting to the 
effects of climate change on agriculture will require farmers to change practice, we set out to determine those factors that 
play a role in motivating farmers to voluntarily change behavior. We find that Danish farmers are - as expected - already 
reacting to changing circumstances by changing crops. In line with the results of similar studies in the U.S. and Europe, 
monetary factors are the most important and climatic factors are the least important when farmers are asked directly about 
why they change their crops (e.g. Whitmarsh, 2008). Of course, potential for a better crop price or better yield may not be 
mutually exclusive from changes in climatic conditions. Nevertheless, we find that temporal scales affect Danish farmers' 
rationality insofar as they are more concerned about and more likely to adapt to short-term changes (e.g. price fluctuations) 
than they are with regard to long-term changes (e.g. temperature and rainfall changes). Descriptive statistics and binary probit 
regression analysis were applied using the survey data. Our results indicate that 1) Danish farmers are more willing to take 
advantage of opportunities presented by climate change than they are to protect against its dangers, 2) that they would rather 
expand their portfolios than shrink them, and 3) that they would rather make small alterations than large changes to their 
current system in the face of external pressures. Farmers' perceptions are the most important predictor of adaptive action. 
Once we understand how perceptions and action influence one another, we may begin to understand what physical changes 
in climate may prompt a change in famers' opinions - and by extension - a change in action. 
 
 
AgroExplore - Assessing Agricultural Vulnerability in the Nordic Countries to Support Strategic Climate Adaptation 
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The focus of this research is the design and development of a conceptual framework to support the development of interactive 
tools for assessing agricultural vulnerability to climate change. The framework seeks to address limitations of static composite 
vulnerability indices, identified in for example Jones and Andrey (2007) Preston et al. (2011) and Wiréhn et al. (forthcoming a). 
A reflexive use of vulnerability indices is restrained by the lack of transparency and inclusion of different stakeholders' 
perspectives. We argue that these shortcomings can be met through geographic visualization, by offering a high level of 
interactivity to the user. 
This framework has been applied for the design and development of AgroExplore - a highly interactive visualization tool 
(Wiréhn et al. forthcoming b). AgroExplore enables the user to select, weight and classify relevant indicators for each of the 
vulnerability sub-indices exposure, sensitivity, and adaptive capacity. The tool aims to support the exploration of composite 
indices and user relevant indicators to determine the vulnerability of Nordic agriculture to climate change. It facilitates the 
assessments of agricultural vulnerability to climate change and enables the identification of adaptation actions in agricultural 
planning and management for agricultural stakeholders. Moreover, this conceptual framework aims to attain increased 
understanding of stakeholder's perception of vulnerability and to identify knowledge gaps regarding vulnerability indicators 
and factors. 
A benefit of AgroExplore is that it may spur discussions on agricultural vulnerability to climate change, in which adaptation 
challenges as well as mitigation and adaptation trade-offs and synergies can be identified. We present preliminary results of 
interactive visualization workshops, targeting stakeholders in the agricultural sector, e.g. representatives from the county 
administrative board and agricultural extension officers. 
References 
Jones, B. and Andrey, J. (2007) 'Vulnerability index construction: methodological choices and their influence on identifying 
vulnerable neighbourhoods', International Journal of Emergency Management, 4(2), 269-295. 
Preston, B., Yuen, E. and Westaway, R. (2011) 'Putting vulnerability to climate change on the map: a review of approaches, 
benefits, and risks', Sustainability Science, 6(2), 177-202. 
Wiréhn, L., Danielsson, . and Neset, T-S. (forthcoming a) 'Assessment of composite index methods for agricultural vulnerability 
to climate change', Submitted 
Wiréhn, L., Opach, T. and Neset, T-S. (forthcoming b) 'Assessing Agricultural Vulnerability to Climate Change in the Nordic 
Countries - an interactive geovisualization approach', Submitted 
 
 
Adaptation in a telecoupled world: linkages between mitigation and adaptation at Nordic and global scales in the land use 
sector 
 Godar 
SEI, STOCKHOLM, Sweden 
 
Adaptation traditionally focuses on national and local levels, but through trade consumer countries can affect adaptation - as 
well as mitigation - needs and policies in producer countries, while exposing themselves also to climate risks that originate 
abroad. Trade is also a powerful strategy for increasing adaptive capacity, especially in small but open economies such as the 
Nordic countries. However, a strategy of relying more on trade to spread climate risks could increase countries' exposure to 
international climate risks and result in maladaptation if impacts beyond national borders and rebound effects (e.g. price 
shocks created by dynamic effects within global markets) are not considered. We illustrate this complex web of interactions by 
analyzing the trade and consumption of key farming commodities between major tropical producers and the Nordic countries, 
with special focus on Nordic climate policy targets for biofuel consumption (goal of 10% renewables in the transportation 
sector). Biofuels can come with significant socio-environmental impacts such as land use change (with associated carbon 
emissions, soil-air-water pollution and biodiversity loss) and threats to food security and local livelihoods, creating additional 
‘adaptation pressures' in tropical countries. Adverse climate impacts on biofuel production in tropical countries also pose risks 
to the cost and/or success of mitigation policies in Nordic countries.  
Current trade analyses are not well suited to trace the risks and socio-environmental impacts embedded in traded crops, 
because their lack of spatial explicitness at sub-national scales, in essence assuming a homogeneous distribution of socio-
environmental impacts in the crop production country, and of homogenous responsibility and risk per consumed ton in the 
countries of consumption. This leads to errors in the socio-environmental accounting that for example may have misled 
assessments of the impact and effectiveness of Nordic biofuel policies. To address this shortcoming and understand how 
adaptation needs are shaped by established trade teleconnections, we use the SEI-PCS model that links socio-environmental 
impacts at sub-national scales with countries of consumption. Our results suggest that the strong compartmentalization of 
Nordic climate and cross-sectoral policies (e.g. agricultural, environmental, foreign aid policies) may have produced a lack of 
climate policy coherence and that a narrow country-level focus on climate change risks may have missed the role of trade in 
transmitting climate impacts between countries. 
 
 
Understanding the linkages between land-based adaptation and mitigation - a systematic literature review and a 
conceptual framework 
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Agriculture and forestry are key sectors in terms of climate adaptation and vulnerability, given the array of economic, social, 
and cultural services delivered by agricultural and forestry ecosystems. However, these sectors are also significant contributors 
to climate change, through CO2 emissions from deforestation (primarily driven by agricultural expansion) and non-CO2 
emissions from agricultural soils, manure management, and enteric fermentation. Effective governance and land use 
management in these sectors therefore requires understanding of the linkages and potential for integration between land-
based adaptation and mitigation, and identification of potential synergies, conflicts and trade-offs. 
Here we develop a conceptual framework for mapping causal inter-linkages between land-based adaptation and mitigation in 
agricultural and forestry sectors, based on a systematic literature review. We found approximately 40 peer-reviewed 
publications that revealed a high level of awareness of the inter-linkages between adaptation and mitigation in agriculture and 
forestry. Although few studies analyzed these inter-linkages in detail they provided enough empirical evidence to form a solid 
basis for our conceptual framework of how adaptation outcomes can connect to mitigation impacts. 
Adaptation impacts are the result of changes either in average yields or in yield variability, mediated for instance through 
actions affecting soil degradation, soil moisture, and micro-climates (heat-stress). Mitigation impacts occur either directly (as a 
consequence of actions affecting non-CO2 emissions or biomass carbon sequestration) or indirectly (through changes in 
agricultural fossil fuel use or bioenergy production potentials). Two primary examples of causal chains linking adaptation and 
mitigation impacts are changes in yield and soil carbon sequestration. Yield changes, a direct result of adaptation measures, 
affect land demand and hence land-use changes and biomass carbon sequestration. Increasing sequestration of carbon in 
agricultural soils is a frequently cited example of a management strategy that comes with benefits both for mitigation (leading 
to a net reduction of atmospheric CO2) and adaptation (as higher levels of soil organic matter tends to have many positive 
effects on overall soil health and resilience to disturbances, leading to lower yield variability). 
The potential to integrate adaptation in the ‘mitigation-oriented' REDD+ framework is actively discussed in the literature. 
However, our results indicate that potential inter-linkages are rarely considered in climate policy negotiations nor are they 
translated into practical actions. Thus, more policy-relevant and holistic assessments of the inter-relationships between 
adaptation and mitigation in the land-use sector are needed to capture the benefits of such integration, avoid conflicts and 
negotiate trade-offs. 
 
 
A typology of maladaptation: assessing risks for maladaptive action within Nordic agriculture 
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The large number of completed and ongoing Nordic vulnerability and adaptation research programs (e.g. NORD-STAR, 
MISTRA-Swecia, CARAVAN, VulClim) generates opportunities for further theoretical and methodological development. A so far 
under-studied area in the region is the unintended negative consequences of adaptation, i.e. maladaptation, defined as ‘action 
taken ostensibly to avoid or reduce vulnerability to climate change that impacts adversely on, or increases the vulnerability of 
other systems, sectors or social groups' (Barnett and O'Neill 2010:211). 
As the efforts for implementing adaptation are progressing, relatively little attention has been paid to the effects of those 
measures and whether they in fact have the desired effect. Maladaptation, in this study considered as actions to adapt to 
climate change effects that lead to adverse climate/environmental or socio-economic outcomes, has emerged as a frequently 
used concept in research but one that remains conceptually elusive and empirically unexplored. This manuscript discusses the 
notion of maladaptation by focusing on how adaptive action can have negative implications, for whom, in what time 
perspective and in which instances. This discussion results in a typology that conceptualises three types of maladaptation. The 
first defines maladaptation as actions that increase current or future vulnerability for the implementing sector or actor; the 
second defines maladaptation as actions that increase current or future vulnerability for external sectors or actors; while the 
third defines maladaptation as actions that increases GHG emissions and/or have negative sustainable development impacts. 
In order to illustrate instances of maladaptation and to test its relevance, the typology is applied to assess risks for maladaptive 
actions within the Nordic agricultural sector identified through a systematic literature review. While agriculture in some 
regions of the world may benefit from climate change, it is also vulnerable to its impacts, as changes in weather extremes are 
likely to affect agriculture (Olesen et al. 2011). Nordic agriculture will need to adapt to climate variability and change as well as 
to socio-economic or policy related factors. This might imply new, and probably unintended, stressors to the agricultural 
system and impact on multiple other resources such as land, water and nutrients. 
Barnett,J. and O'Neill, S 2010: Editorial. Maladaptation, Glob Env Change 20: 211-213 

Olesen, J. E., Trnka, M., Kersebaum, K. C., Skjelv�g, A. O., Seguin, B., Peltonen-Sainio, P., Rossi, F., Kozyra, J. and Micale, F. 
(2011) Impacts and adaptation of European crop production systems to climate change. Europ J of Agr 34(2):96-112 

4.7 Climate change adaptation and public health 

Mental health and climate change: Costing impacts and assessing adaptation options in England 
 Higgins, Wheeler, Taylor 



University of Exeter Medical School, TRURO, United Kingdom 
 
Climate change may have significant adverse impacts on human health, and consequently increasing attention is now being 
given to the issue of adaptation. The effects of anthropogenic climate change have been discernible for a number of years with 
changes to the weather and in the timing of seasonal events. In addition, weather anomalies and extreme events are 
becoming more frequent globally. Climate change adaptation in terms of minimising or avoiding human health impacts is now 
taking centre stage. Direct physical health impacts of climate change associated with heatwaves, droughts, interactions with 
air pollutants, vector-borne diseases and issues relating to food and water security have received much attention. However, 
there remains very little understanding of how climate change may impact on population mental health, whether directly or 
indirectly. 
Approximately 9.7% of the UK population suffers from some form of depression or anxiety, making it the most prevalent 
mental health problem in the population as a whole. Current research and policy on the health impacts of climate change 
acknowledges potential risks to mental health, but there is little evidence with regard to the short and long term impacts of 
climate change on mental health disorders (e.g. depression and anxiety) and the associated costs to society. This study utilises 
GIS methods to link UK (England) data relating to numbers of diagnosis of depression and anxiety and associated prescriptions 
with historic and projected climate data to attempt to quantify the relationship between changing climatic conditions and 
variation in diagnosed and pharmaceutically treated mental health. These patterns are used to predict changes in mental 
health with climate variability in the future. The economic analysis of mental health adaptation measures is a first step towards 
aiding the development of appropriate health policy in response to climate change. 
 
 
Impacts of climate change on health and their economic consequences in Europe 
 Aaheim, HA Amundsen, BO Van Oort, KA Aunan, AO Orlov 
CICERO, OSLO, Norway 
 
This study utilizes published literature on the impacts of climate change on health to assess the socioeconomic consequences 
to European economies. For many reasons, knowledge about the social and economic impacts of climate change on health is 
constrained when compared with other impacts of similar potential. Relationships between climate indicators and health are 
uncertain, indeed, and in some cases unknown. Impacts on health are often caused by environmental changes in the wake of 
climate change, such as extreme events, sources of infections or air quality. These changes are not easily predicted, and the 
consequences for health are difficult to point out. People respond differently to changes depending on socioeconomic status, 
local climatic and environmental conditions, and different systems of health care. To fully derive the socioeconomic 
consequences, one needs tools that address the variety of responses among population groups. 
This paper provides an overview of the state of knowledge about impacts of climate change on health, and shows how this 
information can be used to derive the socioeconomic consequences. When possible, we utilize information from studies 
differentiating the impacts across demographic groups with different vulnerabilities. The economic consequences, channeled 
through responses in the supply of labour and demand for health services, differ accordingly. The socioeconomic impacts are 
addressed by implementing labour markets consisting of different demographic groups in a macroeconomic model, where 
available information about the impacts on health are used to address effects on the supply of labour and the demand for 
health services. 
Preliminary results from the macroeconomic study indicate that climate change, in general, leads to a positive shift in the 
demand for capital and a negative shift in the demand for labour. Health effects, on the other hand, reduce the supply of 
labour and increase the demand for health services, both contributing to a tighter labour market. How strong influence the 
health effects have on the labour markets depends, however, on all the aforementioned factors. The question addressed by 
the modeling is how the tightening of labour markets resulting from health effects of climate change balances with the slacks 
in labour markets that follow from impacts of climate change in general in different European regions. 
 
 
Evaluating health watch warning systems in a changing climate: A cost-benefit analysis for the city of Madrid 
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Heatwaves will pose an increased hazard to human health in a changing climate, particularly in urban settings and among 
vulnerable population groups. Heat health watch warning systems (HHWWS) have been established at city and national levels 
to inform citizens about possible ways to guard against excessive heat exposure and to implement emergency plans. A heat 
warning is issued if climatic variables exceed established criteria used to define a critical temperature (Tcrit) above which 
observed population mortality increases rapidly. 
The frequency, intensity and duration of heat waves are expected to increase in the coming decades, as an effect of the 
changing climate. In this context, the correct assessment of Tcrit becomes essential for cities if a HHWWS is to be operated 
effectively as a counter-measure (adaptation) to reduce the heat-related health impacts. 
Against this background, the present study provides a preliminary cost-benefit analysis of HHWWS for the city of Madrid in 
two climate change scenarios for the period 2015-2020, RCP4.5 and RCP8.5 combined with the socio-economic paths 
SSP2/SSP5. The proposed model combines epidemiological and economic assessment with assumptions to estimate total 
projected yearly avoided deaths and associated costs and benefits under different discount rates. An epidemiological study has 



been carried out for the city of Madrid to identify the correct Tcrit and to estimate the corresponding attributable health risks 
for the historical period 2001-2009. Results are presented for each climate and socio-economic scenario, under two 
hypothesis: acclimatization versus non-acclimatization, according to the assumptions in expected future change in Tcrit,. 
Preliminary findings suggest that the incorrect setting of Tcrit might result in a significant decrease in the HHWWS 
effectiveness with an increase in total discounted projected costs of 50% on average in scenario RCP4.5/SSP2, and of 72% in 
scenario RCP8.5/SSP5, with a corresponding decrease in the benefit-cost ratio by the end of the century. The decreased 
effectiveness in the non-acclimatization scenario is attributable to the excessive number of operating days for the HHWWS, 
estimated at 33% for RCP4.5/SSP2 and 54% for RCP8.5/SSP5. 
These findings suggest that a periodical assessment of Tcrit over time is essential for appropriate decision making in urban 
adaptation measures in a changing climate and that long term projections of heat wave impacts and adaptation measures 
need to take into account acclimatization processes. 
 
 
Health and Economic Impact of Threshold Temperature on the Effectiveness of a Heat Warning System: A Case Study for the 
City of Madrid, Spain 
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The frequency, intensity, and duration of heatwaves are likely to increase rapidly in the coming decades in response to changes 
in global climate. Climate extremes pose increased risks to human health, especially amongst the elderly and children living in 
urban areas. Early health watch and warning systems (HWWS) have been established for many years, and have served to 
notify and inform citizens of the potential dangers to human health from extreme heat exposure. The decision to issue a heat 
alert depends on numerous complex and interacting factors, which relate to local weather characteristics, exposure risks of 
vulnerable individuals, and healthcare system awareness and preparedness. Governments, the medical establishment, and the 
public media will have an important impact on the general public through awareness campaigns, which will influence public 
perceptions, attitudes, and response behaviors to extreme heat. 
Heat warning systems go into effect when outdoor temperatures exceed specified thresholds for which population mortality is 
expected to increase rapidly above the baseline mortality. The threshold temperature Tcrit depends partly on advancements in 
technology and medical knowledge, as well as location-specific circumstances, including health of the population, and 
socioeconomic conditions. Population resilience (acclimatization) will directly affect the threshold temperature, and, thus, the 
heatwave-related mortality risk. Current long-term projections of heatwave health impacts assume a constant Tcrit; however, 
Tcrit variations on a decadal scale have now been observed at multiple locations across Spain. 
The present study focuses on heatwave-related mortality, more specifically on the potential benefits to human health, both in 
physical and economic terms, in relation to selecting a threshold ambient temperature when a heat warning system should be 
activated. Using updated meteorological and epidemiological data for the city of Madrid, Tcrit during the period 2001-09 has 
changed to 34C against 365C that was measured during the decade 1986-97. Our calculations reveal that hundreds of lives 
could have been saved by the Madrid heat alert system had Tcrit been set to 34C rather than the previously estimated and 

currently applied threshold of 36�5C. The economic benefit would be seven million euros, while the additional HWWS 

running costs would be less than 0�25 million euros, giving a benefit cost ratio of 40. Therefore, failure to recognize the time-
dependence of Tcrit is likely to render HWWS, and other urban adaptation measures, inefficient, and perhaps cost ineffective. 
 
 
Adaptation for the UK's Health and Care System 
 Eggen

1
, S Roschnik

2
, A Crossley

1
, LE Newport

3
 

1
Public Health England, CHILTON, OXFORD, United Kingdom 

2
Sustainable Development Unit, CAMBRIDGE, United Kingdom 

3
Department of Health, UK, LONDON, United Kingdom 

 
The UK's Climate Change Act 2008 requires public sector organisations to consider the risks posed by climate change and 
report on their preparation and planning for adaptation to climate change. For the first time, a comprehensive report for the 
whole of the health and care system in England is being prepared. A multi-sectorial system approach was considered most 
appropriate because it would provide greater insights into the state of climate change preparedness and the capacity to adapt 
in this sector. It also means that synergies and barriers can be identified so that areas for further collaboration can be 
recognised. 
The following parts of the health and care system are being considered: 
- National Bodies that represent the health sector in England including NHS England, Public Health England, Department of 
Health, and NHS Property Services; 
- Providers of NHS services (including Ambulance Trusts); 
- Family doctors (general practitioners = GPs) and dental practitioners; 
- Voluntary Sector represented by the Joseph Rowntree Foundation and National Council of Voluntary Organisations; 
- Local groups responsible for the commissioning of local health services (Clinical Commissioning Groups); and 
- Local groups responsible for the health and wellbeing of their local populations (Health and Wellbeing Boards) 
The report is being prepared by a team from all the above sectors and is being led by the Sustainable Development Unit (SDU). 



Three elements are considered for each part of the health and care system: 
- Risk Assessment, 
- Adaptation Planning; and 
- Impact/Evaluation of Adaptation Actions. 
Where possible other areas are addressed including: 
- Opportunities, 
- Assumptions and uncertainties, 
- Barriers to implementation of adaptation plans, and 
- Useful tools, support and guidance. 
A considerable amount of information is routinely collected by the health and care system and this adaptation report draws 
predominantly on these sources. In order to provide a more complete picture, short surveys or additional evidence were 
collected where necessary. These survey responses have been summarised within the report sections, and the full responses 
are available in the Appendices. The report also highlights areas where key information is still needed. 
As far as we are aware, this is the first comprehensive adaptation report for a country's health and care system and we hope it 
will prove useful for similar efforts in other countries. 
 
 
Elderly and migrants under urban heat pressure - Results of two climate change adaptation studies 
 Allex

1
, Arnberger

1
, Eder

1
, Wanka

2
, Kolland

2
, Hutter

3
, Wallner

3
, Kundi

3
, Blättner

4
, Grewe

4
 

1
University of Natural Resources and Life Sciences, Vienna, VIENNA, Austria 

2
University of Vienna, Institute of Sociology, VIENNA, Austria 

3
Medical University, Institute for Environmental Health, VIENNA, Austria 

4
University of Applied Sciences Fulda, FULDA, Germany 

 
Background 
Climate change is projected to further increase heat waves over most land areas during the 21st century (IPCC, 2013). 
Especially urban areas are affected. In Vienna, hot days with temperatures above 30C will increase from actual 15 days to 23 to 
60 days in 2085 (Formayer et al., 2007) and will negatively impact the living conditions of the population. Particulary elderly 
suffer from heat impacts. Many studies have shown the increasing morbidity and mortality rates among elderly during heat 
waves (e.g. Gabriel & Endlicher, 2011). Furthermore, persons with migrant background are considered to be at risk during 
heat periods due to the intersection of several risk factors: social status, residential area and health condition. 
Therefore two research projects focus on these groups: 'STOPHOT - Cool towns for the elderly - protecting the health of elderly 
residents against urban heat' and 'EthniCityHeat - Vulnerability of and adaption strategies for migrant groups in urban heat 
environments'. The studies aim to reduce the vulnerability of both risk groups living in Vienna against urban heat. 
Both studies are the first investigations of those population groups in Austria. The studies receive financial support from the 
Austrian Climate and Energy Fund. 
Methods 
STOPHOT (project duration 2011-2014): The first survey interrogated elderly via telephone interviews (N=400). In addition, 
face-to-face interviews with elderly residents in retirement homes (N=200) and in-depth interviews with stakeholders were 
carried out. A second survey among the elderly evaluated developed adaption measures (N=200). 
EthniCityHeat (project duration 2014-2017): Two case studies based on participant observation in families with migrant 
backgrounds, in-depth interviews with stakeholders and two face-to-face surveys (household survey and outdoor survey, each 
N=400) were and will be carried out. 
Results 
STOPHOT: Elderly's most commonly taken adaption measures are wearing lighter clothes, increasing liquid intake, closing the 
curtains and undertaking activities in the morning or evening. Most of the elderly stayed in their apartment when it was hot. 
But persons who went outside on heat days mentioned less heat stress symptoms. Asked about their wishes for 'cool' public 
spaces, most respondents preferred more shadow (e.g. shaded seats, shaded pavements). 
The survey data also showed that the high risk group consists mainly of elderly with a low socio-economic status and poor 
health conditions, who tend to be socially isolated (Wanka et al., 2014). Finally, adaption measures for the elderly were 
developed. 
Outcomes of EthniCityHeat will be also presented at ECCA 2015. 

4.8 Drivers for decision making amongst forest owners 

The role of institutions in forest land-use decision making: modelling institutional adaptation to climate change 
 Blanco, Holzhauer, Brown, Rounsevell 
University of Edinburgh, EDINBURGH, United Kingdom 
 
Increasingly interconnected market forces and the rise of international environmental conventions mean that the impacts of 
institutional drivers on land-use extend from local to global levels. To understand how institutions affect the complex systems 
within which they operate, they therefore need to be considered at various scales, allowing identification of mediating factors 
and adaptive strategies at local levels and their interplay with individuals and other institutions. Such multilevel institutional 
governance underpins decision-making systems in environmental matters such as land use or natural resource management, 



and so determines changes in land-use and ecosystem service provision. 
To investigate these effects, we have created a generic institutional action modelling framework applicable to socio-ecological 
systems. The framework is based on the development of (a) a description of institutional decision-making, and (b) a (static) 
institutional conceptual model supported by empirical evidence from the Swedish forestry sector. We then explore the 
application of this framework through an agent-based model of institutions that can act, interact and adapt to environmental 
change in their attempt to affect ecosystem service provision within a simple forestry governance system. We finally discuss 
the advantages and opportunities for further development of our modelling framework and its components, the possibilities 
for institutional model parameterisation, and its value in policy-making and climate-change adaptation planning. 
 
 
Forestry Professionals' Perceptions of Climate Change, Impacts and Adaptation Strategies for Forests in South-West 
Germany 
 Yousefpour, Prof. Dr. Hanewinkel 
University of Freiburg, FREIBURG, Germany 
 
Forestry professionals' perceptions of the risks and uncertainties associated with climate change were investigated in a 
questionnaire survey in south-west Germany. The respondents were employed in forestry in either public or private forests or 
working for state authorities. We focused on a group of forestry professionals directly involved in forest decision-making 
processes to analyze their knowledge and perceptions about: a) climate change and associated risks in general; b) the impacts 
of climate change on forest ecosystems; c) the need to adapt forests to changing environmental conditions and, d) the 
potential of forest management activities to mitigate climate change. A factor analysis of the responses revealed significant 
variables explaining the major part of the variance and the key variable groups were identified in a canonical analysis. The 
majority of respondents (72%) said they were under-informed, but most (83%) view climate change as a reality, human-
caused, and a significant risk. These forestry professionals were particularly concerned about extreme hazards, water scarcity, 
and changes in climatic zones. They generally said the potential of forestry to mitigate climate change is low, and saw few 
realistic measures like increased harvesting to substitute fossil fuels and energy-intensive materials for mitigation. Despite the 
uncertainty involved, adaptation strategies like using better-adapted tree species and provenances were mainly perceived as 
helpful, and tools such as spatially-explicit maps with recommendations for adapted species and indices of biotic and abiotic 
risks as important. 
The forestry professionals reported obtaining their information about climate change from advanced forestry training, the 
media, and scientific literature. The findings of the study are discussed in the light of the ongoing debate on climate change in 
Germany and recommendations made, including periodically checking and improving forestry professionals' knowledge about 
climate change. 
An important topic is how to improve the avenues for sharing information about effective tools, taking into account the survey 
results. Our respondents reported preferring classical information channels like newspapers and specialized forestry journals, 
as well as training and outreach activities. This suggests that the internet has underused potential for this type of knowledge 
transfer since only one third of the respondents mentioned it as a source of information. We therefore recommend integrating 
the different tools in a newly created or existing community of practice, e g. by organizing training events jointly with forest 
owners and using advanced decision support systems. 
 
 
Indicators for the evaluation of adaptive capacity of forest social-ecological systems: opportunities for future sustainable 
management 
 Sansilvestri, Fernandez-Manjarres 
Laboratoire ESE, ORSAY, France 
 
 
The aim of presentation is to analyze various indicators related to the theoretical basis of adaptation research and apply them 
to the local forest sector within a climate change context. Here, we propose a bottom-up approach to bring out the social 
barriers which could be exist in forest sector for adaptation face to climate change. 
Are forest social-ecological systems ready to accommodate and apply adaptation strategies in the face to climate change? 
Climate change potentially creates continuous and unpredictable changes in forest social-ecological systems. Hence, it is 
important for actors and institutions highly dependent on ecosystems to promote adaptive strategies to maintain ecosystem 
function and society well-being through improved management. However, before developing adaptive strategies for a social-
ecological system it is necessary to develop our knowledge about the capacity for institutions and actors to apprehend and 
manage uncertainty and perturbations. 
Until now, the evaluation of adaptive capacity of systems remains largely theoretical requiring the development of context-
based indicators. In research context, adaptability is referred to as the capacity of actors in a system to implement actions to 
maintain sustainable management of resources and well-being for populations that is thought to depend on the level of social 
and ecological capitals (Folke et al, 2011). Thus, we developed a framework to evaluate social-ecological capacity based on 
four main factors: social, political, resource and natural capitals (Magnan, 2014). The analysis attempt to highlight the different 
drivers; whether economic, social, politic or ecologic; which can block or enhance local adaptation. 
During our presentation, we will first, describe the framework developing the role of indicators for each capital, specific criteria 
for evaluating them and the hypothesis associated. Then we will illustrate the application of this framework with two study 
cases of contrasting climatic exposure and different levels of vulnerability in an Atlantic high productivity mono-culture forest 



and in a low productivity high diversity Mediterranean forest. With this tool we present an evaluation of the adaptive capacity 
for the two cases in line of adaptive wheel research approach (Gupta et al., 2010). 
Here, our goal is not to rank the levels of adaptive capacity of social-ecological systems but to highlight strengths and 
weaknesses of each, and to bring out potential ways for adaptation strategy for decision making in the forest sector and 
maintain a sustainable management of forests. 
 
 
Assessing and explaining individual engagement with climate change adaptation and preferences for adaptation measures 
 Vulturius, Swartling, KA, Rounsevell, Blanco 
Stockholm Environment Institute, STOCKHOLM, Sweden 
 
A large share of the contemporary scientific literature about climate change adaptation focuses on determinants the capacity 
of institutions to adapt to climate change impacts. The determinants-based approach explains why adaptation takes place by 
examining the availability and accessibility of economic and political certain resources. A growing body of literature, however, 
calls into question the ability of determinants-based approaches to assess and explain why individuals are engaged in 
adaptation. This research suggests that social-cognitive factors such as values, beliefs, social trust or previous experiences with 
climate change risks are crucial factors determining how individuals perceive and act upon climate change. Recent studies on 
forest owners in Europe and Sweden have shown that perception of climate change risks and belief in self-efficacy can in fact 
more accurately explain individual adaptive action than access to economic resources. This study combines the Model of 
Private Proactive Adaptation to Climate Change (MPPACC) with the more recently developed values-based approach to 
adaptation. The aim of this study is to assess and examine individual engagement with climate change adaptation among 
forest managers in Sweden. The study will answer the question how personal beliefs about the salience of climate change and 
the credibility of climate science effect individuals perception of climate change risks, effectiveness of adaptive measures, 
believe in self-efficacy and consequently engagement with adaptation. In addition, the study also asks how objectives of 
individuals, a factor that is being overlooked in the current literature, influence the perception of climate change risks, and 
preferences for different adaptation measures. Other variables such as experiences with extreme natural events and economic 
dependency are also considered. Findings are based on a survey study comprising responses from approximately 6000 forest 
owners and 1000 forestry professionals in Sweden. It compares the perception of climate change risks, adaptation intent and 
preferences for adaptation measures between and within members of those two groups using sophisticated statistical 
analysis, including ordered logistic regression. Results from this study will provide valuable insights for governments and 
scientist that seek to promote adaptation about how individuals understand climate change risks, their willingness to take 
adaptive actions and potential conflicts of interests that can impede adaptation. 
 
 
Can Climate Change Communication effectively promote adaptation? 
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One of the biggest concerns for governments and scientists wanting to promote adaptation is low awareness and level of 
engagement amongst people that are particular vulnerable to climate change risks. Increasingly, governments and scientists 
are turning to new publication education and information efforts to engage people in adaptation. Climate change 
communication (CCC) is a new concept that describes efforts that aim to disseminate scientific information about climate 
change, raise public awareness about climatic risks and adaptation measures and encourage behavior change for adaptation. 
Despite its growing popularity, quantitative assessments of CCC are largely absent in the scientific literature at this point. 
The objective of this study is to close this gap by providing a comprehensive, quantitative assessment of the effectiveness of 
CCC in engaging people with adaptation and promoting adaptive behavior. The study asks if CCC can lead to cognitive, affective 
and relational learning and changes in attitudes and behavior regarding adaptation to climate change risks. 
The empirical data of this study comes from a survey of 6000 forestry owners in Sweden. Half of these forest owners took part 
in a CCC project run by the Swedish Forestry Agency. Participants in this project were given information and practical guidance 
about the risks of climate change and viable adaptation measures. 
The study assess if perceptions and attitudes about climate risks and adaptation measures differ significantly between forest 
owners that have and forest owners that have not participated in the CCC project. In detail, we use multivariate regression and 
related statistical methods to estimate the effect of CCC on the perception of climate risks, perceived efficacy of adaptation 
measures, perceived self-efficacy and actual adaptive action of participants and non-participants of CCC. 
The study also examines the influence of preference for different forestry objectives, personal experience with extreme 
events, trust in climate science, gender, age, social capital, education and dependency on income from forestry activities as 
well as other factors on the perception of climate change risks, the efficacy of adaptive measures and their own ability to adapt 
to climate change. 
Results from the study will offer valuable insights into how existing CCC can become more successful in engaging certain target 
groups with climate change. Key insights suggest that CCC can be improved if it more purposively addresses the varying 
objectives, needs, experiences and decision making processes of different user groups of climate services.  
 
 
Adapting to indirect effects of climate change - motivations and attitudes among European forest owners towards supplying 



biomass as feedstock for energy  
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The European Commission (EC) has set a legally binding target to cover at least 20% of EU's total energy use from renewable 
sources in 2020, partly to replace the use of fossil fuels and thereby reduce the emission of greenhouse gases causing climate 
change. Today woody biomass is the most important source of renewable energy in the EU and the EC expects the use of 
biomass for energy in the EU to double between 2010 and 2020. Several studies suggest increasing supply of woody biomass in 
response to pricing and market mechanisms as the demand increases. We tested the hypotheses that European forest owners' 
attitudes towards supplying woody biomass are reflecting the profitability of woody biomass and that their attitudes are 
positive so that the EU 2020 target can be met. Using survey data collected in 2010 from 800 private forest owners in a 
latitudinal gradient across Europe our results show that the respondents' attitudes towards supplying woody biomass for 
energy cannot be explained as direct responses to changes in prices and markets. Furthermore, our results imply that the 
amounts of woody biomass for energy requested from European private forest owners to meet the woody biomass share of 
the EU 2020 renewable energy target cannot be expected to be supplied, at least if stemwood is to play the important role as 
influential studies suggest. 
 
 
Decision making in forestry enterprises 
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<b>Despite considerable investment by New Zealand central government agencies in recent years to develop an evidence-
base demonstrating climate change impacts and opportunities for adaptation, there is little demonstrated impact of increased 
uptake or enhanced strategic planning in the primary sector. Two research programs are currently underway, seeking to better 
understand the drivers for decision-making across primary sectors and geographic regions in New Zealand. The Climate Change 
Impacts and Implications (</b>www.ccii.org.nz<b>) is focused on a biophysical impacts and available responses across alpine, 
upland, lowland, coastal and marine environments. A second project is investigating information and communication / 
technology transfer mechanisms used to inform industry decision making in forestry and agricultural sectors, and seeks to gain 
insight into end-users' information requirements, to support adaptation planning.</b> 
  
<b>Our research hypothesises that targeted climate change messages, together with mechanisms that address decision-
makers' learning requirements, will enhance uptake of climate change information and support adaptation actions. The focus 
is the decision maker; the message and the mechanism are subservient to their needs.</b> 
  
<b>The initial phase analysed the mechanism used by 20+ completed climate change related research projects completed in 
New Zealand over the last 10 years. The learning affordance of each mechanism was evaluated against Bloom's (YEAR) revised 
taxonomy of cognitive learning. We found that most mechanisms were at the lower end of the learning spectrum and the 
messages and messaging were generic and probably not fit for decision making purposes, i.e., they were focused on facts and 
concepts, not metacognitions and used lower order cognitive function of remembering and understanding, not analysis, 
evaluation and creation. Some of the mechanisms used - such as 'Train the trainers' - did have the ability to tailor the message 
to the decision makers' context.</b> 
<b> To determine what decision makers' information context (messages) is, a systems mapping methodology was used, where 
transcribed interviews of individuals in businesses were analysed to produce decision maps and causal loop diagram from 
which specific and generic leverage points were identified. The preliminary generic casual loop diagram identified a series of 
key leverage points. </b> 
<b> This presentation will discuss research findings based on interviews with forestry companies, and systems analysis. It 
identifies factors that inhibit climate change adaptation decision making and what levers can be addressed through targeted 
messaging.</b> 
 
 
Understanding of quantified and perceived uncertainty affecting forest planners decision-making 
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In forestry uncertainty relates to any decisions forest managers or planners have to make. This uncertainty describes, among 
others, a lack of knowledge about the management of forests with diverse objectives and future development. Furthermore, 
climate change adds another uncertainty to forest management of complex ecosystem. Many discourses from a local to 
national planning address climate change uncertainty, mainly because of its potential harmful and hard to predict impacts. We 



need to better understand how forest planners comprehend and respond to climate change uncertainty, which will influence 
whether or not they will be keen to take adaptation measures. To answer this question we conducted a survey with British 
forest planners managing the public forest estate to explore their understanding of climate change uncertainty and also risk 
perceptions. The public estate covers approximately 27% of woodlands in the Great Britain providing multiple benefits to 
society, such as timber production and recreation. In workshops, we also investigated how framing and ambiguity - 
representing uncertainty - about climate change impacts and forest management actions can affect forest planners' decisions. 
We provided to forest planners information with quantified climate change uncertainty using the latest climate change 
projections (UKCP09) for the UK. These two studies offer novel insights about understanding of uncertainty and decision 
making with uncertainty in forest planning crucial for informed climate change adaptation. 
Forest planners identified less uncertainty about social and economic future impacts on forests, but more uncertainty about 
climate change impacts. Surprisingly, more information is available about climate change than about economic or social 
impacts, supported by numerous climate change models. From the risk perception perspective, forest planners on the one 
hand indicated high concern and increase in frequency of pests, drought, and wind risks but on the other hand, they believed 
in high regulation and control for these risks by forest policy and planning. These findings might cause inertia for taking 
suitable climate change adaptation measures. Comparing ambiguity about different forest management actions, results from 
workshops show diverse responses caused by new climate change information. Ambiguity understanding resulted in 
postponing or bringing forward several forest actions, and also in making it harder for planners to decide. 
Uncertainty continues a challenge for forest planning and management, especially when considering climate change, but 
knowing how forest planners comprehend it helps to support relevant adaptation policies and operational adaptation 
measures. 
 
 
Biodiversity conservation in a changing climate - limits and opportunities for adaptation in Finland's privately owned forests 
 Mäkinen, Primmer, Paloniemi, Carter 
Finnish Environment Institute, HELSINKI, Finland 
 
Forest species and ecosystems face multiple challenges from human and environmental pressures including climate change. 
Future changes in climate threaten not only biodiversity but also the many economic benefits derived from forest ecosystems, 
and impacts are experienced at first hand by the owners and managers of forest ecosystems. In a non-industrial private 
ownership context, climate change adaptation rests largely on forest-owners and the policies steering these individuals. As 
nature conservation efforts are often focused on spatially-limited protected areas, the commercially managed forest landscape 
plays an important role in safeguarding biodiversity and ecosystem services. Thus, it is in these non-industrial but unprotected 
forests that adaptation measures are needed to ensure the resilience of forest ecosystems under a changing climate. This 
paper examines how public policy, through current nature conservation and forestry policy mechanisms, supports adaptation 
of forest biodiversity in Finland and what role private action by forest owners may play in efforts to address adaptation 
concerns in Finnish forests.  
The study uses survey responses of 181 private forest owners from the South-West and Pirkanmaa regions of Finland and key 
forest and conservation policy documents to examine adaptation of forest biodiversity and forest owner behaviour. The 
findings of the survey analysis indicate that in general forest owners are not interested in adopting voluntary conservation 
contracts or adjusting forest management practices to enable adaptation of forest biodiversity. However, a small group of 
forest owners can be identified that is actively interested in both of these approaches. These forest owners are characterised 
by relatively larger forest estates and higher education levels than those not indicating interest. They have also experienced 
relatively more damages resulting from natural risks (e.g. insect pests). Preliminary findings of the policy document analysis 
indicate that biodiversity conservation is included at the high level of policy objectives but in practical terms conservation relies 
heavily on voluntary measures. Voluntary measures may work with the small conservation-oriented group forest owners 
recognised in the study. However, the generally low interest in voluntary conservation or adaptation action combined with 
limited operational policy support for conservation and adaptation suggests that targeted policy instruments coupled with 
significant resources are needed to ensure biodiversity conservation as well as forest resilience and sustainable productivity in 
a changing climate. 
 
 
Science-Stakeholder Interactions in Climate Change Adaptation Research - a case study of the Swedish Forestry sector 
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Stakeholder engagement has become increasingly important in research programs focusing on climate change impact on 
ecosystem services. Communication between researchers and stakeholders is however often impaired by linguistic barriers, 
different priorities, and time constraints. We have examined the organizational aspects of science-stakeholder interactions, 
focusing on the Swedish forestry sector. The aim was to elicit stakeholder perspectives on science-stakeholder interactions and 
knowledge requirements on climate change adaptation. Answers from forest owners, advisors, officials and researchers 
highlight different views on climate change adaptation and need of scientific information. We discuss the dilemma that 
stakeholders want to interact with researchers who possess excellent pedagogic skills and that researchers are concerned that 
popular scientific activities provides low-merit. Suggested ways forward in terms of different kinds of meetings, provision of 
information material and stakeholder feedback on the research process are related to the three different goals of science-



stakeholder interaction: 1) study stakeholder decision making process, 2) provide up-to date popular scientific knowledge, and 
3) get concrete input to a research project. We conclude that clear communication about common goals, expectations, 
resources, and time frames is needed in order to reduce the risk of stakeholder fatigue. 
 
 
Tool development for analysing forest owners' strategies to manage risks and adapt to climate change 
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Many forest management operations can be planned in such a way as to increase the likelihood of a favourable outcome. This 
applies for instance to the management of risk factors associated with climate change, weather events and pest infestation, as 
well as to the preservation of biodiversity. Examples of measures in which knowledge of climate and climate change can 
influence the decisions are the construction of logging roads, drainage, selection of tree species and provenances when 
regenerating, intensity of thinning and length of rotation period. Active choices can be made to manage future risks, such as 
the risk of storm damage which is affected by forest stand properties in combination with wind speed. Soil temperature and 
precipitation additionally influences the risk, as the tree root anchorage capacity is lower in unfrozen and wet ground. Reactive 
strategies, which address what to do in the event of damage or disturbance, also need to be adapted to climate change. This 
may concern the fighting of forest fires or how urgent it is to cut storm damaged trees and breakage caused by snow in order 
to minimise the risk of subsequent pest infestation, how and when to implement sanitary cutting of trees infested with spruce 
bark beetle, and when to plant additional trees if the regeneration fails. The opposite, a proactive strategy, is about foresight 
and dealing in the present with issues that are assessed as being important for the future. Forestry in general works proactively 
in tree breeding programmes, and with development of new management methods, new products and guidelines for handling 
invasive species. The individual forest owner can draw up a strategy for preserving future options and spreading risks by 
investing in several tree species. We conclude that it is necessary to consider all three types of strategies to achieve the goal of 
sustainable forestry capable of producing a diversity of ecosystem services. A discussion-support tool for analysing forest 
owners' decision-making strategies regarding risks of climate change, extreme events, pest infestation and the preservation of 
biodiversity was developed, and the tool was tested through Mistra-SWECIA science-stakeholder dialogues with Swedish non-
industrial forest owners, to elucidate potential synergies and conflicts between active, proactive and reactive risk management 
strategies in relation to forestry objectives. 
 
 
The impact of species and management choices on wind risk to forest in south-west Europe under a changing climate 
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In France, storm Martin storm of 1999 severely affected forests and plantations in the Aquitaine region, with estimated timber 
losses of 26.1 million m

3
, most of which were in Maritime pine (Pinus pinaster Ait) stands. It has been estimated that storm 

Klaus, which hit northern Iberia and southern France in January 2009, was responsible for French losses between 1.34 and 1.77 
billion Euros for its effect on Maritime pine plantations alone. This figure comprises losses in market value, future value, 
reforestation costs, and indirect damage to the affected stands. Despite the recorded maximum wind speeds from Klaus not 
differing greatly between Portugal, Spain, and France, wind damage to the extensive areas of plantations of Eucalyptus spp. in 
the Iberian peninsula were not reported, suggesting negligible losses. Foresters could benefit from information on the relative 
risk and economic benefits of these 2 species and the impact of their management choices under a changing climate in which 
extreme winds are predicted to become more common in the Bay of Biscay. We therefore tested the wind risk to eucalyptus 
and pine with differing rotation lengths using the wind risk model, ForestGALES. We also looked at the impact of these 
management choices on their overall economic performance accounting for all input costs (e.g. planting costs, site 
preapration, thinning and harvesting costs, etc.) and the value of thinnings and the final crop, together with their overall 
carbon storage potential. We found that eucalyptus could provide a potential alternative to pine for reducing the impact of 
wind damage due to its faster growth and shortened rotation periods. 
 
 Forest owners' social preferences for the provision of forest ecosystem services 
 Vedel, BJT Thorsen, JBJ Jacobsen 
University of Copenhagen, FREDERIKSBERG, Denmark 
 
Landowners' decisions to accept or decline environmental contracts for providing ecosystem services such as biodiversity 
conservation or recreation cannot be understood based on traditional utility models of economic agents who maximize profit. 
As many other groups in society, forest owners are heterogeneous and may be driven by different sets of objectives. In 
practice, this may lead to different management practices on each property resulting in different provision levels of ecosystem 
services. This is investigated using a choice experiment (CE) study of Danish forest owners' willingness to enter environmental 
contracts with specific ecosystem service provision levels. The ecosystem services are closely linked to Natura2000 policies and 
current policy debates regarding forests as an important resource for both recreation and habitat for many species in decline. 
The ecosystem services targeted here promote the future resilience of forest ecosystems and have a positive effect on carbon 
storage. The forest management changes investigated here are increased access on foot for the public, requirement of a 



certain percentage of broadleaves, setting aside forest areas and allowing old trees to decay naturally. 
We show that, in addition to the current provision level of specific ecosystem services, the owners' tendencies to hold social 
preferences has a significant reducing effect on how much compensation they require for ecosystem service provision. In other 
words, forest owners' tendency to exhibit altruism when providing forest ecosystem services for the local community can help 
explain a part of the variation in the compensation forest owners require. Furthermore, we are able to provide a differentiated 
picture depending on what type of ecosystem the owner is confronted with. 
-  
 
From nursery to sawmill: stakeholder perspectives driving conifer diversification in public and privately owned forests 
 Lawrence 
Forest Research, ROSLIN, United Kingdom 
 
The forests of Great Britain (i.e. England, Scotland and Wales) are owned by a mixture of public and private entities. Half the 
forest area consists of planted Sitka spruce (Picea sitchensis), generally in pure stands under a clearfelling regime. Reliance on 
Sitka spruce is proportionally higher in Scotland and Wales, and in publically owned forest, but is significant for a wide range of 
owners. England, Scotland and Wales each have their own forest strategy and suite of policy tools offered through Rural 
Development Programmes. Each has a policy ambition to reduce climate vulnerability by diversifying away from this narrow 
species base. These ambitions are challenged by: a forest industry founded on continuous supply of spruce wood; several 
concurrent outbreaks of major tree diseases, reducing the range of familiar conifers available to forest managers; lack of 
recent research on suitability of alternative conifer species for the British context; and stakeholder interactions which enhance 
aversion to change. 
Among national decision makers, change is perceived as slower than desirable, but the experiences and decisions of owners 
and managers are not well understood. Change relies on a chain of stakeholders, from nursery producers through owners and 
managers to forest harvesting contractors, sawmills and end users, and these interactions have not been researched. This 
qualitative research therefore focuses on the perceptions and practices of these stakeholders in both public and private 
sectors, with a focus on factors influencing decisions about adoption of alternative conifers. 

Findings indicate a market driven system, where ‘demand' is the dominant theme. As such, stakeholders further down the 
supply chain (nurseries and forest managers) identify sawmills and end users as inflexible, yet this research reveals a 
processing sector which has had to adapt, and become more flexible, over the last decade. Nevertheless Sitka spruce 
continues to provide the most reliable financial return, so while forestry professionals are often enthusiastic about 
diversification, their clients in the private investment forestry sector are generally reluctant. The nursery sector appears to 
bear the highest levels of risk, with less ability to spread change over time: any initiative to produce alternative species may be 
a costly failure if forest managers do not purchase. The papers concludes by considering options for intervention which work 
with existing change rather than imposing a new direction on productive conifer forestry, including incentives, regulation, 
advisory and information systems. 
 
 
The role of social networks in communicating knowledge on climate change adaptation among forestry stakeholders in 
Sweden 
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Climate change is likely to have considerable impact on forests and forest management. In Sweden, both positive and negative 
consequences are expected, yet recent extreme weather events show that the vulnerability of the Swedish forests is high. 
Consequently, forest owners and forest decision-makers need to adapt forest management strategies to reduce climate risks 
but also to exploit possible opportunities. Research on adaptation processes show that adapting to climate change is a 
complex process dependent on both external and internal factors such as what knowledge is available, how is it produced and 
communicated, to whom and when. Previous research also demonstrates the importance of social networks regarding how 
stakeholder learn and understand changes to the environment. This study analyses the role of social networks in enabling 
stakeholders in the Swedish forestry sector to reduce their vulnerability to climate risks and enhance the capacity to adapt to 
climate change. The empirical material builds on a quantitative survey distributed to 6000 private forest owners in Sweden. By 
applying the concept of egocentric networks, special attention is paid to the features of social networks among forest owners 
and the role these play in sharing and distributing knowledge and information on climate change and possible strategies to 
adapt. The results show with whom forest owners communicate with regarding questions and decisions related to forest 
management, the frequency of these contacts, and whether and how the features of the social networks affect forest owner 
perceptions on climate risks and adaptive capacity. The conclusions provide insights into how different attributes of social 
networks link to forest owner characteristics and forestry stakeholders' capacity to adapt to climate change. 
 
 
Interdisciplinary methodology on science-stakeholder based adaptation research: The experience of Mistra-SWECIA and 
reflections for future research 
 Gerger Swartling
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The next generation of adaptation research needs to draw on lessons learned over the past decades. The adaptation research 
domain has evolved from impact assessments relying on primarily the natural sciences, into socio-cultural and political inquiry, 
spanning a range of issues, from vulnerability and adaptive capacity of societies to climate change impacts, to equity, financing 
and governance of adaptation. However despite recent scientific advancements, adaptation research has so far achieved 
limited progress in terms of practical relevance to stakeholders. 
This presentation highlights some methodological and theoretical considerations that appear critical for an emerging 
generation of adaptation research that enable successful adaptation action among relevant stakeholders. In our presentation 
we will showcase how, in the course of seven years, the Swedish Mistra-SWECIA programme has gradually developed into a 
co-driven research process shaped by new scientific insights and stakeholders' objectives, beliefs and needs. 
In the first programme phase, conventional research on climate scenarios and impact assessments was complemented by 
participatory research involving forest stakeholders. This research took the form of science-stakeholder dialogues which aimed 
to elicit stakeholders' perspectives about adaptation and offer a platform for mutual knowledge exchange between scientists 
and stakeholders. In its ongoing second phase, the scope has widened, and redesigned to enable an interactive science-
stakeholder dialogue and to directly address stakeholder's questions and needs. In its final year in operation, our 
interdisciplinary research approach encompasses targeted climate change communication for forestry owners and specialists 
and the application of a quantitative survey by researchers and governmental agencies that aims to inform future political 
decision making for climate change adaptation. 
Our experiences highlight the need for adaptation research to become more reflective and practice-orientated in order to 
foster greater stakeholder engagement with adaptation. In theoretical terms, our findings suggest that future adaptation 
research should allow scientists and stakeholders to co-produce knowledge in an interactive setting and to jointly develop 
research questions. This requires adaptation research to be conducted in a conducive environment, where scientists and 
stakeholders spend enough time to co-evaluate research results, learn from each other, assess adaptation needs and build 
mutual trust. Science-stakeholder driven adaptation research further needs to acknowledge social barriers to adaptation, 
namely factors affecting perception of the severity of climate change risks and the efficacy of adaptation measures. Moreover 
it needs to develop user orientated climate change communication strategies that build upon insights into these barriers and 
that convey a sense of agency among stakeholders. 

4.9 Ecosystem-based approaches to adaptation and disaster risk reduction 

The Impacts of Climate Change in Amazonian Indigenous communities: The role of human-ecosystem interactions in 
supporting adaptation and resilience 
 Comberti 
Environmental Change Institute, University of Oxford, OXFORD, United Kingdom 
 
The Amazon rainforest is a climate change hotspot, with impacts relevant (and already evident) at local, regional and global 
scales. The ecosystem is changing. Numerous and diverse indigenous communities, with livelihoods and knowledge systems 
evolved through generations of close contact with the rainforest, are being forced to respond. Like many indigenous 
communities worldwide, they are amongst the first and more severely hit by environmental change. The situation thus offers a 
unique opportunity to investigate and improve understanding of the human-environment interactions that support resilience 
to environmental change. Given the pace of these changes and the risk of loss of cultural and environmental diversity, it is 
critically important to improve understanding of these interactions to better support positive adaptation. 
Ecological-anthropological research was undertaken in 2014-15 amongst four Tacana Indigenous communities of the Bolivian 
Amazon. The research focuses on the communities' perceptions of and responses to recent extreme events, such as the severe 
flood and ensuing drought of 2014; and changing rainfall patterns and rising temperatures; each possible early examples of 
climate change. Ecological impacts, and changing interactions between these communities and their ecosystem, are also 
studied. Research findings offer insights into the factors important in supporting the resilience of these and similar 
communities, and their local ecosystems. Future challenges given the predicted acceleration in climate change impacts, and 
how positive adaptation can be supported in light of this, are considered. Finally, the potential significance of findings for 
understanding adaptation and resilience amongst human-ecological systems worldwide is considered. 
 
 
Integrating the ecosystem-based approach in municipal adaptation strategies: the case of Germany 
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In order to address the increasing impacts of climatic extremes and variability, more and more cities are establishing climate 
change adaptation strategies. In parallel, the ecosystem-based adaptation approach has gained increasing interest during 
recent years by governmental bodies and scholars alike. The approach uses biodiversity and ecosystem services for adapting 
human systems to climate change. In cities, green infrastructure provides ecosystem services and biodiversity, and its climate 
regulating functions are widely acknowledged. Nevertheless, it remains unclear how the importance of ecosystems and natural 
resources for climate change adaptation is addressed in urban adaptation strategies. The present study aims to increase 



knowledge on the integration of ecosystem-based adaptation in urban adaptation strategies and related planning processes. 
The adaptation strategies of German cities are assessed to analyse whether or not the ecosystem-based adaptation approach 
is explicitly or implicitly addressed, and if so, why. The analysed cities were selected according to three criteria: 1) They include 
a stand-alone adaptation strategy or an integrated adaptation strategy in their mitigation or urban development programmes; 
2) They have over 100,000 inhabitants, as large cities are highly vulnerable due to their concentration of population and 
economic assets; 3) They are affected by an increase of extreme heat events and flooding after heavy rain. On this basis, 32 
adaptation strategies were identified. The strategies were reviewed using ecosystem-based adaptation related keywords to 
identify sections of text for a content analysis. Results show that none of the analysed strategies deals explicitly with the 
ecosystem-based adaptation approach. However, implicitly, nearly all strategies include activities that can be related to the 
ecosystem-based adaptation approach and its underlying ecosystem services concept. Reasons for including these activities 
are often not elaborated in detail and generally only related to certain aspects of the ecosystem service concept. A 
comprehensive approach is missing. On this basis, the paper discusses core areas and possibilities for decision-makers to 
further enhance the integration of ecosystem-based adaption into urban adaptation strategies and planning. 
 
 
Ecosystem-based approaches to climate change adaptation in vulnerable natural areas 
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Climate change poses a threat and brings opportunities both to human-dominated environments and to natural and 
unimpaired areas. While in the former case, technological adaptation measures are often favoured, the letter case requires 
solutions strengthening the potential of natural ecosystems to mitigate and adapt to changing conditions. Such 'ecosystem-
based' approaches generally focus on enhancing the resilience and ecological integrity of natural ecosystems. Since ecosystem-
based adaptation (EbA) to climate change presents a relatively new approach and its specific applications have been scarce, 
the aim of this contribution is to analyse an array of prospective EbA measures developed within a case study in a vulnerable 
natural area in the Czech Republic. 

The �umava National Park and UNESCO Biosphere Reserve presents one of the most extensive European forested mountain 
areas, characterized by coniferous forests, mountain meadows, mires and peat bogs, protected under various national and 
international regimes. While nature conservation has been traditionally strong in the area, the demands to utilize local touristic 
and recreational potential and generate opportunities for economic growth have been growing in the past two decades. At the 
same time, climate projections suggest that the area might face increasing occurrence of extreme weather events, wind 
storms, decreased snow cover and pest outbreaks. Therefore, EbA measures present one of potential solutions. 
Within this case study, we applied participatory approaches to propose a set of EbA measures suitable for the study area. 
Among others, sustainable forest management, an enlargement of national park core zones, an enhancement of water 
retention in the landscape and ecosystem restoration were identified as the most viable and beneficial options by local 
stakeholders. Subsequently, these adaptation measures were incorporated in a set of consistent future scenario storylines, 
which in addition described different courses of socio-economic development in the area and potential types of prevailing land 
use and land cover change. Finally, economic effectiveness of different adaptation scenarios was assessed through a cost-
benefit analysis. 
The results suggest that the proposed EbA measures generate substantial benefits in terms of both direct revenues and 
ecosystem services provided, while reducing the vulnerability of local ecosystems and potential environmental risks brought 
about by climate change. As such, these measures can contribute to the well-being of local communities and increase the 
capacity of the area to host sustainable tourism. The results of the study aim to inform local decision-making and to increase 
the involvement of local stakeholders in the climate change adaptation process. 
 
 
Impacts and adaptation options of climate change on prioritizing conservation areas of ecosystem services 
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Ecosystem services including habitat quality, nutrient retention, and water yield play important roles in sustaining human well-
being. However, climate change may threaten several ecosystem services in the future to not only global but also local scales. 
It has been estimated that nearly 60% of ecosystem services are being degrade at a global level. To better understand the 
consequences of climate change and further develop an effective strategy of mitigating the impacts, a novel systematic 
conservation approach for assessing the impacts on several ecosystem services is proposed. This study focuses on the impact 
of climate change on five climate-sensitive ecosystem services, including (1) habitat quality (target on birds), (2) nitrogen 
retention, (3) phosphorous retention, (4) soil sediment and (5) water yield in a watershed in Taiwan. Firstly, with monthly 
temperature and precipitation data, an ecosystem service evaluation model-Integrated Valuation of Ecosystem Services and 
Tradeoffs (InVEST)-is applied to quantify the considered ecosystem services for baseline and under various scenarios of future 
climate change. Next, a systematic conservation planning software, Zonation, was used to methodically prioritize reserve areas 
based on the ecosystem services under each scenario. Then, the spatial distribution of the conservation priority (area with high 



value of ecosystem services) for baseline and that under future climate scenario was compared, in order to evaluate the 
vulnerability of the ecosystem services in the nearly future. The results indicated that the increment of rainfall in wet season 
will cause high water yield and indirectly lead to high sediment and great nutrient export. In addition, the decrease of habitat 
quality was attributable to the increasing of air temperature and the large variability between monthly rainfalls. In order to 
ensure the ecosystem services in future, we suggest that the areas with low resilience of ecosystem services under climate 
change, i.e. low capability of ecosystem service to respond to natural perturbations, should be considered as top priority 
protected area. The results show that the proposed novel systematic conservation approach is useful, to assess the impacts of 
climate change on spatiotemporal variations of ecosystem services and to prioritize protected area under various scenarios of 
future climate change. 
 
 
The role of ecosystem-based Adaptation and Eco-DRR - Some insights from Dassari watershed in North-West Benin 
 Kloos, Renaud 
UNU-EHS, BONN, Germany 
 
Although engineered structures are still preferred and promoted by planning authorities dealing with disaster risk reduction in 
many cases, there is an increasing number of applications of ecosystem based solutions in disaster risk reduction worldwide. 
Similarly, ecosystem based solutions in CCA such as ecosystem based adaptation (EbA) are gaining recognition. More and 
more, the crucial role of ecosystems and ecosystem services in climate change adaptation and disaster risk reduction has been 
explicitly recognized. As local adaptation strategies are not pursued as a simple response to climatic stimuli or to specific 
hazards but are embedded in a complex web of socio-economic, political and institutional variables, environmental change and 
multiple hazards, ecosystem based DRR and ecosystem based adaptation strategies call for a holistic perspective.After 
discussing the concepts of Eco-DRR, EbA and ecosystem services this paper will present some preliminary insights from the 
Dassari catchment in North West Benin which is characterized by rural communities dependent on subsistence-based, rainfed 
agriculture. The region is affected by increasingly irregular rainfall patterns and seasonal variability inducing flooding, but 
simultaneously generating agricultural droughts and dry spells because of a shorter and disrupted rainy season. Communities 
therefore have to manage multiple hazards of contrasting natures (floods and droughts), which presents a considerable 
challenge to inherently impoverished households. With limited financial resources available for technological solutions, 
ecosystem based measures can provide low-cost, opportunities with additional social or economic benefits. Ecosystem-based 
adaptation measures are often considered as no regret solutions to managing the challenge of multiple hazards but this paper 
also addresses some of the limitations of them given the existing resource constraints faced by the rural population. This paper 
will also raise questions as to if and how these efforts can be scaled up. 
 
 
Payment for ecosystem services - paying farmers for using farmland for flood control 
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Northern Europe experiences an increasingly wet climate, leading to more frequent and severe fluvial flood events. Ecosystem-
based Adaptation (EbA) is becoming recognised as a valuable yet under-utilised means to alleviating negative effects of a 
changing climate. This however, necessitates a new and different collaboration between land-owners and stakeholders 
interested in protecting urban structures and as a result, novel ways of understanding and organising EbA emerge across 
Europe. One example, using the approach of Payment for Ecosystem Services (PES), is presented in this paper. 
Farmers along the second longest watercourse in Denmark could be instrumental in allowing flooding on farmland to protect 

urban infrastructures. We conduct a choice experiment among farmers located in vicinity to the river �Stor�en' in order to 
assess their willingness to accept a contract that would allow the local municipality of Holstebro to periodically flood farmland 

in order to avoid or limit urban flooding from Stor�en. The experiment aims to estimate the costs of getting farmers to 
participate in the scheme, which would represent (some of) the costs of reducing climate change impacts in the town of 
Holstebro.  
In a number of choice occasions, farmers were asked to select between either no contract or contracts characterised by a set 
of positive and negative attributes, including a whether or not to require specific flood resistant crops or not; whether to allow 
for a compensation in case of crop loss or not; the type of negotiation situation and finally the level of payment to the farmer 
for including his/her land in the inundation control scheme. 
Results indicate that farmers on average would prefer not to enter a contract. If they were to agree on a contract they would 
prefer a compensation for lost crops; to negotiate collectively with other farmers and as expected would prefer higher rather 
than lower yearly payments. Surprisingly, the data did not show a significant preference for or against a requirement to grow 
flood resistant crops. A contract that would allow for compensation and based on individual negotiation would on average 
require a yearly payment of 309euro/ha. 
This type of analysis investigates attitudes and preferences of land owners, which are essential when dealing with Ecosystem-
based Adaptation. Past experience shows that without the agreement of land owners or the appropriate compensation level, 
voluntary schemes will not function at the necessary scale. 
 
 
Integrated assessment of the environmental risk for ecosystem services provision in the Czech Republic 
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Human well-being benefit from various vital ecosystem services such as drinking water provision, climate regulation or 
recreation. Their provision has been undoubtedly under increasing pressure from different natural and socio-economic 
changes. Additionally, the capacity to provide them has been rapidly changing over the last decades as well as a result of the 
increasing demand of the human society. There are approaches dealing with a single hazard or on the other hand the ones 
trying to incorporate more than one stressor under the scope. The aim of the study is to conduct an integrated assessment of 
various environmental hazards for the ecosystem services provision at the national level in the Czech Republic. 
The dominant land use in the Czech Republic is arable land (39%), followed by forests (34%), grasslands (13%), water areas 
(2%), build-up areas (2%) and other areas (10%). There are several studies reporting the impacts on ecosystems from various 
drivers (e.g. droughts, erosion, contaminated sites, air pollution, invasive species,..). The study is also developed in respect with 
a recent integrated mapping of ecosystem services in the Czech Republic (Frelichova et al., 2014). 
Our approach is based on a classical multi-hazard approach where the risk is defined as an exposure to certain stressors that 
impact people's vulnerability (Cutter et al., 2000; Greiving et al., 2006; Collins et al., 2009). The risk can be assessed from an 
intersection of different hazards, vulnerability and the value of ecosystem services. The analysis includes driving forces such as 
erosion, floods, pollution, invasive species, land cover change, etc. The vulnerability is compromised by landscape 
fragmentation representing a quality of the ecosystem and population density representing the societal demand for ecosystem 
services. The monetary value of ecosystem services in the analysis came the earlier mapping. 
The final risk map clearly reveals spatial disparities between hot-spots, where the expected risk is the highest and cold-spots 
were the risk is the lowest. The most naturally valuable areas (National parks, protected areas,..) were often associated with 
high risk because of the high ES provision values. Around one third of the areas of the Czech Republic were given very low risk 
and in contrast over 8 % was classified with high risk, which should imply various policy and management implication on both 
national and regional level for the disaster risk reduction strategies in the Czech Republic. 

 

4.10 Safeguarding our shores: social and cultural dimensions of coastal climate change 
adaptation in Europe and the U.S. 

Bottom-up approaches in adapting to a changing climate: Perspectives from the West Coast of the U.S. and why they could 
matter for Europe 
 Waldmann 
Robert Bosch Foundation Fellowship Program, BERLIN, Germany 
 
The coastal and marine environments of the West Coast of the United States face a variety of threats related to global climate 
change, including sea-level rise, increased storm frequency, and changing ocean chemistry. Communities and businesses which 
are vulnerable to these threats have initiated diverse efforts to adapt to changing environmental conditions. These bottom-up 
approaches combine cultural elements with technological innovation and interact with policy measures across multiple levels. 
This presentation will highlight several case studies of citizen-based adaptation initiatives which have catalyzed and 
contributed to adaptation efforts at different geographic scales, from cities and towns to the entire West Coast. Case studies 
include (1) the California King Tides Initiative, a citizen-science project to help people visualize how sea-level rise will impact 
their lives and contribute to vulnerability assessments, and (2) Pacific Northwest shellfish hatcheries which have adapted their 
practices in response to changing ocean chemistry. These efforts contribute to regional planning efforts, such as Adapting to 
Rising Tides (San Francisco Bay) and Washington State's Ocean Acidification Blue Ribbon Panel, as well as coast-wide 
collaborations led by the West Coast Governors' Alliance on Ocean Health. Case study analysis will highlight building blocks for 
success which can inform adaptation approaches in Europe and beyond. 
 
 
Community-level Climate Adaptation in Coastal Regions: A Transatlantic Exchange between the U.S. and Germany  
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Coastal communities in the US and in the EU are increasingly aware of the existing and possible impacts of climate change. 
Over 123 million Americans and nearly half of European citizens live on or near their respective coasts. Adapting to ongoing 
and future climate change in coastal communities is an area of common concern between the US and the EU, and it is an area 
where the two can pursue common approaches that build on learning and best practices. Further, climate change adaptation 
for coastal communities must be considered in the context of already existing constraints and challenges to these 
communities. 
In some places, often in the EU, national and regional governments drive coastal communities to increase their resilience and 
adapt to climate change, through the development of climate adaptation plans and the provision better estimations of 
projected risks in the short and longer term. In other areas, often in the US, coastal communities are actively aware of 



increasing risks and have begun to organize themselves to strengthen their resilience to potential and existing threats through 
e.g. improved information sharing and developing alternatives to cope with perceived and estimated risks. These self-
organized processes consist in a variety of grass-root oriented dialogues and action which are embedded in socio-cultural and 
economic structures. The communities, policymakers, and researchers on both sides of the Atlantic have much to learn from 
each other. 
The presentation draws on empirical results of a variety of FP7 and German research projects, namely RISC-Kit, BASE and 
Radost. 
 
 
A comparison of local adaptation strategies - Results from a qualitative data analysis of nine coastal adaptation strategies. 
 Stelljes 
Ecologic Institute, BERLIN, Germany 
 
Adaptation measures are needed to reduce negative climate change impacts. One form of adaptation at the local level is the 
development of local adaptation strategies. The presentation will focus on a report undertaken within the German climate 
adaptation project RADOST (Regional Adaptation Strategies for the German Baltic Sea Coast). This report analyzed nine 
adaptation strategies of coastal communities, which were published between 2009 and 2013 in different Cities in Europe, US, 
Canada and Australia. Based on four hypotheses, a qualitative data analysis of the strategies was undertaken. A number of 
similarities within the strategies are obvious, though they originated in different contexts. 
Starting shortly with the introduction to the project RADOST and where the analysis was located within the project, the 
presentation will focus mainly on the results of the analysis. Following the hypotheses, differences and similarities of the 
strategies will be examined. Themes will be challenges of adaptation, proposed or already undertaken adaptation measures, 
goals of the measures, responsibility and instruments to implement adaptation measures. It can be discussed, if such an 
analysis can be of help for other communities to shape their own adaptation strategy. 
 
 
Coastal risk reduction. Converging approaches in the U.S. and the Netherlands? 
 Van Dongeren 
Deltares, DELFT, Netherlands 
 
Recent and historic high-impact events have demonstrated the flood risks faced by exposed coastal areas, both in Europe and 
the U.S. Risks is the product of the probability of a hazard and its consequences. The hazards may increase due to climate 
change (sea level rise, increase in storm energy) and soil subsidence, while the consequences will surely increase due to 
ongoing economic development in coastal areas. This change in risk requires an evaluation of coastal disaster risk reduction 
strategies and prevention, mitigation and preparedness measures. This presentation will contrast two approaches and how the 
two may converge into the future. 
In the Netherlands, where more than half of the country lies below sea level with major investments of cities, industry and 
infrastructure, the emphasis has always been on flood prevention (i.e., that a flood will never happen). However, the 1953 
storm surge showed that the existing protection was not adequate. The south-western part of the Netherlands was flooded, 
killing about 2000 people. In the 1960's, protection levels were rationalized using a cost-benefit analysis. The most important 
'dike ring' of Central Holland (protecting most major cities) should withstand a surge with a probability of exceedance of 
1/10000 per year, with other areas assigned a larger probabilities. However, because of the increases in both hazards and 
consequences, flood risk was expected to increase fast, in some areas by 4 to 8 percent annually. Therefore, new standards 
were developed, which included both a cost benefit analysis, taking into account non-monetary value such as cultural heritage, 
a Local Individual Risk of dying and group risk. This new approach leads to much more spatial differentiation of the protection 
levels. 
In the U.S., flood protection levels are historically based on the 1/100 per year probability of flooding. This l affords little 
protection, and thus more emphasis is placed on mitigation (reducing the effects of flooding) or preparedness (including 
evacuation). However, since the costs of recent hurricane events such as Katrina and Sandy have skyrocketed, a new approach 
is proposed, in essence similar to the new method applied in the Netherlands. Besides prevention of flooding in some high-
investment areas, mitigation methods based on nature-based approaches should be explored as well, employing the full array 
of disaster risk reduction tools. Moreover, the proposed method has consequences for the interaction between various levels 
of government. 
 
 
Coastal alteration effects on Fish Habitat Suitability under current and climate change conditions 
 Abdel-Fattah, Doka, Minns 
Fisheries and Oceans Canada, BURLINGTON, Canada 
 
Within the fisheries science, advocacy and protection community, there has been a need for methods, models and tools for 
assessing project effects on fish ecosystems and for evaluating potential for offsetting these impacts. The Habitat Alteration 
Assessment Tool (HAAT) is an application of a quantitative fish habitat assessment tool for use in evaluating proposals (such as 
infills) affecting lacustrine fish habitats. The tool is flexible to user choices of fish lists, guild assignment, guild weighting to 
allow for inclusion of habitat and fisheries goals. A habitat suitability matrix (HSM) is used to estimate the habitat suitability 
indices along with the rules and criteria that must be applied to allow evaluation of fish habitats (Minns et al., 2001). The HSM 



model uses pooled matrices representing the aggregate habitat preferences of species by life stage to ensure that all needs 
during that critical stage are met for survival for each species. The software package allows pre- and post-project assessment 
of limnological and physical habitat changes and their impact on fishes, through scenario-testing. Results from scenario runs 
supports strategic outcomes for Fisheries Protection and the capacity to respond and plan for climate change. Climate driven 
variables such as water levels and temperature scenarios in the existing assessment address changing depths that occur with 
some development projects such as infills. Climate trends and projections for use in the fish habitat management tool can 
allow for rejection of proposals that may negatively impact fish habitats currently and into the future. This program has been 
largely used in the Canadian and U.S. Great Lakes and data on examples of how infills and development projects can affect fish 
habitat suitability in coastal areas will be presented. 
 
 
Adapting to increased flood losses in flood damage compensation: A comparative analysis of the U.S. and The Netherlands 
 Bergsma 
University of Amsterdam, AMSTERDAM, Netherlands 
 
Everywhere, policymakers are struggling with increased losses due to floods. These losses challenge current policy frameworks 
in flood governance. It for example challenges the large role of national governments in paying for flood protection and 
providing disaster relief to flood victims. Now that floods become a more structural problem and flood damage rises, questions 
increasingly arise about whether individuals can themselves be held responsible for choosing to live in a floodplain, for taking 
protection measures against floods, and for bearing the consequences of these choices when a flood strikes. In fact, a trend 
towards emphasizing individual responsibility for dealing with floods can already be recognized in national and international 
contexts. 
The existing literature on this topic focuses on the implications of the challenge of rising flood damage for flood protection 
policies. Less attention has been paid to how this challenge affects policies that regulate damage compensation to flood 
victims. In my presentation, I will discuss the results of two national case studies on flood damage compensation, one that 
focuses on the United States and one that focuses on the Netherlands. Both countries exemplify two very different approaches 
to flood governance and to damage compensation accordingly. In the U.S., flood damage is compensated through a federally-
backed insurance scheme while in the Netherlands, flood damage is compensated through a taxpayer-sponsored disaster 
fund. 
My presentation will show how both approaches to damage compensation are historically constituted in their specific national 
context. By zooming in on two recent cases of decision-making on flood damage compensation in both countries - in the U.S. 
my talk will focus on the recent reforms of the National Flood Insurance Program after hurricane Katrina and for the 
Netherlands I will discuss the long judicial trials that resulted from the levee breach near the town of Wilnis in 2003 - I will 
however also argue that due similar changes in political-context over time, the governance of flood damage compensation in 
both the U.S. and the Netherlands now faces similar difficulties with adapting its policy framework to the challenge of rising 
flood damage. These difficulties, as I will argue, have to do with the type of experts involved in contemporary policy 
discussions on flood damage compensation. 
 
 
Coastal Climate Change Adaptation for Scotland's Historic Environment 
 Davies, Dr Hyslop 
Historic Scotland, EDINBURGH, United Kingdom 
 
Historic Scotland has duties under Part 4 of the Climate Change (Scotland) Act 2009 that require it to contribute to climate 

change mitigation and adaptation, and to act sustainably. Ministers have identified HS as a �Major Player' because it has a 
larger influence/impact on climate change than other public bodies. HS's Climate Change Action Plan 2012-2017 sets out how 
it will fulfil its duties under the Act.  
The UK Climate Change Risk Assessment 2012 identified a range of risks and opportunities that climate change may present. 
Many of these have the potential to impact on the historic environment. Historic Scotland is key to the delivery of the Scottish 
Climate Change Adaptation Programme, which includes quantifying heritage assets affected by climate change, collating action 
on understanding and mapping anticipated coastal erosion/flood risk to cultural heritage, and researching the physical effects 
on buildings of changing weather patterns and profiles. 
We will present an overview of our work, including initial climate change risk assessments from coastal sites on the Historic 
Scotland Estate, and specific conservation measures such as dune stabilisation and coastal defence construction. We will also 
outline collaborative work with Buildings Standards and other agencies to increase resilience against climate change impacts 
such as flooding and extreme weather events. This includes encouraging a culture of pro-active building maintenance, for 
example through publication of guidance on how owners of traditional buildings, including those in the coastal zone, can 

ensure that their property is �Climate Ready'.  

 

4.11 ToPDAd-tools for adaptation in energy, transport and tourism 



Workshop 4.4 From water to growth - in urban areas 

Governance Innovations for Climate Change Adaptation in Urban Denmark 
 Lund 
University of Copenhagen, FREDERIKSBERG C, Denmark 
 
Urban areas worldwide are challenged by climate change and urban flooding. Recently adaptation became a mandatory 
planning theme for the Danish municipalities, which in the absence of established practices are struggling to find the best 
institutional set-up to address the issue. The municipalities want to integrate adaptive measures with other issues such as 
recreation, nature reserves and social issues to create added value. While the municipalities recognize that new types of 
collaboration are required internally among the sector administrations and with external actors they seem unsure of how to 
establish the necessary collaborative governance practices. Some municipalities have initiated experimental small scale 
projects with external partners to gain experiences of governing integrated adaptation and regional networks have been 
established where municipalities share experiences and best practices, so clearly there is a demand for governance innovation 
to create holistic approaches to adaptation. 
Based on a case study of one of the most progressive municipalities in Denmark, governance innovations that are necessary in 
order to create synergistic solutions are identified and discussed. The municipality has established a partnership with housing 
organizations, foundations and a utility company, and facilitated a dialogue process with citizens and institutions to address 
flooding threats and social issues at neighborhood scale. Administrators, partners and politicians are enthusiastic about the 
partnership project, and as a direct result of the project, the municipality is in a process of institutional reorganization in order 
to harvest synergy effects in other areas as well illustrating the potential of the approach. The case study both shows some 
challenges for interdisciplinary partnerships which needs to be addressed as well as the potentials from a holistic approach to 
adaptation. 

 
5. Infrastructures  

5.1 Resilience of the transport sector as a condition for climate change adaptation 

Analogues for the Railway Network of Great Britain 
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In recent years, extreme weather events have caused substantial disruption to Great Britain's railway infrastructure. Parts of 
the rail network were damaged by flooding during winter 2013/14, and the railway at Dawlish was closed for eight weeks after 
the sea wall collapsed following storms in February 2014. In coming decades this vulnerability is unlikely to subside as the 
effects of climate change become more intense. However, by learning from resilience measures implemented in countries 
already experiencing events of the type which could affect Britain in the future, mitigation of the worst events to come may be 
feasible. This paper describes the identification of suitable railway networks in other countries for further study, which forms 
part of the Tomorrow's Railway and Climate Change Adaptation (TRaCCA) project funded by Network Rail and RSSB in the 
UK.Railway networks were identified using climate and railway analogues. Climate data from twenty models of the Coupled 
Model Intercomparison Project Phase 5 (CMIP5) were used to identify regions whose present day climate is similar to the 
projected future climate of Great Britain for the mid- and end of the twenty-first century. Three indicators based on 
temperature and rainfall were used to characterise the climate at each location. The indicators were then compared using a 
suitable metric. Climate analogues identified were located in northern and western Europe, southern Australia, New Zealand, 
and southern parts of Chile and Argentina. Similar locations were identified for both the mid- and end of the twenty-first 
century. The use of alternative climate indicators and comparison metrics had little effect on the analogue regions identified. 
Railway networks in many countries worldwide were studied using data from the International Union of Railways (UIC) to find 
those which had similar physical and operational characteristics to the GB network. Metrics used included lengths of single and 
double track, proportion of electrification and staffing levels. Countries which are both climate and railway analogues are 
France, Netherlands, Belgium, Germany and Denmark. Railway networks in these countries are being studied to provide 
guidance on how the GB network could adapt to a changing climate. Measures already identified are raising of embankments 
to improve flood resilience, stabilisation of slopes in cuttings and improved maintenance. Other innovative solutions are the 
use of 'laser' trains in the Netherlands for clearing leaves from the lines, and the use of prefabricated slab track which has 
improved resistance to flood damage and reduced maintenance needs 
 
 
Adapting Aviation to a Changing Climate 
 Burbidge 
EUROCONTROL, BRUSSELS, Belgium 
 
The impacts of climate change, such as sea level rise, higher temperatures and greater weather extremes, pose an operational 
and business risk for European aviation. To mitigate this risk it is essential for the sector to proactively adapt at both 



organisational and network level. Yet despite growing recognition of the need to build climate change resilience many 
stakeholders are still not acting, often due to a lack of information and guidance. It is therefore essential to identify and 
address the barriers which are currently preventing action. Overall, climate change is an issue of risk management and early 
action is the key to cost-effective mitigation of those risks. 
This presentation will identify the key climate change impacts which the aviation sector can expect to face and the operational 
and business risks which this poses. It will then examine how the sector can develop resilience to those risks at both 
organisational and network level by, for example, initiating local and network-wide risk assessments, better use of MET 

information and the implementation of �no-regrets' or �win-win' measures which also address issues such as capacity. As 
these measures are also applicable to both the wider transport sector and other key sectors this contributes to developing 
cross-sectoral knowledge on developing and managing resilience. 
The presentation will then go on to consider the results of a survey of European aviation organisations which shows that, 
although awareness is growing, many stakeholders are still not acting. It will follow this by examining the barriers which are 
currently preventing action and how they can be addressed. 
The next section will consider how we can measure the effectiveness of the resilience measures which are implemented. It will 
examine some generic resilience metrics currently being developed before considering how these might be applied to climate 
change resilience and whether specific climate resilience metrics are required. 
It is intended that the sections on breaking down barriers and developing metrics will stimulate interactive discussion during 
the session. It is therefore proposed to present a range of possible actions for breaking down barriers and a selection of 
potential metrics to initiate discussions. Such discussions are applicable to both the wider transport sector and other key 
sectors and thus have cross-sectoral relevance. 
The presentation will conclude by examining why it is both pragmatic and cost-effective to take proactive action rather than 
waiting for impacts to become more severe. 
 
 
Using access via the North Sea Route as a possibility to increase resilience of global maritime trade flows to Europe 
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Growth in global trade and global maritime flows are traditionally highly correlated, a situation which is unlikely to change in 
the future. Therefore the expected growth in maritime trade flows is likely to give rise to additional pressure on already 
congested parts of the network, for example on the Suez Canal. Besides this, there have been long term concerns with political 
stability and piracy along the route. A real structural change in global (maritime) trade flows nevertheless, is an uncommon 
event. 
Current research in Arctic Shipping however, indicates that such a change could be induced by climate change. The Northern 
Sea Route is a combined name for a number of fairways that go from the Bering Strait (east) to Novaya Zemlya (west). It is a 
stretch of roughly 2100 to 2900 sea miles that runs mostly along the Northern shore of Russia. The feasibility of the Northern 

Sea Route as an alternative to the conventional international shipping routes such as the �Royal Route' or �Southern Sea 
Route' as well as the Panama Canal has been under discussion for several decades. It was a long thought infeasible to use this 
route on regular commercial basis, but the current melting of the Arctic ice cap has led to increased traffic on the NSR. 
This presentation treats the possibility of the Northern Sea Route as a possible alternative for trade flows between Asia and 
Europe. Given its location and the presence of natural resources along the route, the route is especially interesting to ship iron 
ores, natural gas and other minerals within Russia and internationally. Recent work by Furuichi and Otsuka (2014) however, 
shows that the NSR can also be interesting for shipping high value goods and containers. 

Using a model called the �World Container Model (WCM)', we study current and (expected) future (2030-2050) trade flows 
between Asia and Europe. During the study we compare the NSR with other alternatives, such as the Trans-Siberian Network. 
We study the impact of a fully open NSR and the possibility of the route to secure a part of the global trade flows, reducing the 
pressure on the Suez Canal route. We claim that the opening of a parallel route may increase overall resilience of the network, 
but also show that the relative potential of the NSR is limited and may be overshadowed by a more efficient Trans-Siberian 
railway network. 
 
 
Impact of extreme weather events on the transport system: a test case study for Zurich, Switzerland 
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It is widely recognized that, despite all mitigation efforts, climate change is already ongoing and its magnitude will likely grow 
in the foreseeable future. Intra- and inter-seasonal weather variations, including substantially more frequent and more severe 
weather extremes are expected to increase. This will affect a wide range of aspects of human life.  
In urban areas, extreme weather events have the potential to disrupt several infrastructural layers causing major hindrances 
and substantial financial losses. A deeper insight in the economic costs of such events is necessary to drive the deployment of 
adaptation strategies. 
 The vulnerability of the transport system is not limited to direct damage to the infrastructure. The system impairment that 
extreme weather can generate is expected to account for a substantial part of the short term total costs. In this perspective, it 



is important to have instruments modeling the transport system's behavior in different weather conditions. This paper shows 
that agent-based micro-simulations represent a promising approach for comprehensively modeling the impacts on the 
transport systems of extreme weather events. This is part of an innovative model-based analysis of the short and long term 
impact of climate change, where three different models, suitable to capture different aspects of the problem at hand, are 
combined. An agent-based micro simulation model of transport (MATSim), a system-dynamics model of the transport market 
(MOVEET) and a general equilibrium model of the economy (EDIP). This paper reports on the first model and presents the 
results of a test-case were the impact of extreme weather events is modeled for Zurich, Switzerland. Different scenarios, with 
different degrees of severity, are simulated. The results illustrate the extent to which extreme weather events can obstacle the 
regular functioning of the transportation system and therefore generate significant indirect costs. 
The work presented in this paper is part of the EU financed project ToPDAd. 
 
 
Adaptation to climate change in the German railway system: the interplay between actors and institutions 
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Railway infrastructure is a critical infrastructure, which is characterized by its importance for society as a whole and for a 
sustainable transport system; its failure may result in both, shortages of supply and dangers to public safety and security. 
Recent extreme weather events have moreover shown that railway infrastructure is vulnerable to weather events and climate 
change. 
Based on the framework of the actor-centered institutionalism (Mayntz & Scharpf 1995; Scharpf 1997) we conducted an 
exploratory case study on the German railway system. We aimed at identifying how the actors in the system (railway 
companies, ministry for transport, public authorities) are adapting to climate change and what influences action and decision-
making towards a (climate) robust infrastructure. Following the guiding framework we analyzed action situations, institutional 
setting, actor constellations, and actor orientations. Our empiric approach includes document analysis, semi-structured in-
depth interviews and sectoral workshops. 
The main results of the analysis are: Although the German railway system was severely affected by extreme weather events 
during the last decade, the different actors have only tentatively started adaptation measures (e.g. improved vegetation 
management, integration of climate aspects in the environmental impact assessment for new railway constructions), but do 
not follow a strategic proactive approach to adaptation. Hampering factors can be found in the institutional setting, the actor 
constellation and the actor orientation: existing institutions in the railway sector do not define responsibilities for decision-
making on climate change. On this topic an institutional void prevails. Moreover the different actors have contrasting 
perceptions how adaptation should proceed and who should be responsible. On the other hand, we found that single actors, 
who have a high willingness to act, are able to use the unclear responsibilities to proactively integrate adaptation issues in 
existing institutions such as the environmental impact assessment. Practical implications from our research are that changes in 
standards (ISO, CEN, DIN etc.) and in regulation (e.g. integrate climate proofing in financing mechanisms for new railway 
constructions and railway maintenance) are needed to support adaptation measures in the German railway sector. 
 
 
Improvement of transport networks resilience against extreme weather events 
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The European transport system has shown vulnerability to external shocks, which have partially or, in some cases, totally, shut 
down part(s) of the transport system. The problem is complex by its nature, as transport networks serve simultaneously both 
passenger and freight transport but even more as there are no official coordination mechanisms that would enhance cross-
modality substitution in the transport system. Any robust assessment of cross-modality potential should, as the starting point, 
address these issues and try to seek in what ways the dynamics of the European transport system can be better improved. In 
an effort to address the latter, the recently finished EU funded MOWE-IT project has identified existing best practices and 
developed methodologies to assist transport operators, authorities and transport system users to mitigate the impact of 
extreme weather events (EWE) and hazards on the transportation system performance. This paper summarizes these research 
efforts in regard to the specific measures and methodologies that have been developed in order to effectively address the 
impacts of the increasingly frequent and intense EWEs in the transportation networks and discusses ways that such findings 
can be incorporated in the European climate policy agenda. As related research so far has established that such events induce 
specific issues for each single transport mode, all findings reported in this paper are mode-specific. 
 
 
Emerging challenges for transport adaptation in Europe: A research agenda for a long-term vision 
 Aparicio 
Technical University Madrid (UPM), MADRID, Spain 
 
This paper is based on a systematic review of a substantial number of recent adaptation actions in Europe. Its purpose is to 



identify lessons learnt and to highlight the limitations of current 'site-specific' approaches. 
The evidence for the report is based on the review undertaken in 2013 and 2014 by the European Topic Centre of Climate 
Change Adaptation (ETC/CCA) of the European Environment Agency (EEA). This review identified and made an assessment of 
inspiring adaptation experiences in all transport modes, with a focus on topics such as cooperation between meteorological 
and transport experts, the impact of extreme weather events on transport and the counteractions to prevent and manage 
such events, the assessment and monitoring of the vulnerability of the transport system, the revision and development of 
standards and technical guidelines for transport infrastructure and operations, and the implementation of soft, low-regret 
measures, with a focus on maintenance practices. 
While there is growing evidence of action in all these areas, the review showed that the integration of adaptation objectives 
within long-term transport policies and visions is still at its infancy in Europe. This is the case for the application of key long-
term planning tools, such as forecasting and backcasting exercises or the development of long term scenarios; it is also the 
case for current practice in collaborative governance in transport, in which adaptation does not seem to play a relevant role 
yet in discussions and consensus-building processes among stakeholders (infrastructure managers, service operators, 

equipment providers, users�). In short, a long way seems to remain ahead in order to mainstream adaptation within current 
long-term planning practices. 
The paper argues that the current situation is likely to favour the adoption and consolidation of under-optimal adaptation 
solutions, which can make the system more resilient at the cost of jeopardising the low-carbon transport transition efforts. In 
short, there is a potential for the adoption of contradictory policy actions, depending on whether they are developed from an 
adaptation or mitigation perspective. A research agenda, focusing on the inclusion of a long-term perspective within current 
adaptation is subsequently developed. 
This paper is based on the activities of the ETC/CCA, and particularly on the recent EEA report 8/2014 Adaptation of transport 
to climate change in Europe: Challenges and options across transport modes and stakeholders. 
 
 
Projecting the potential impact of climate change on transport: modelling and data requirements 
 Jaroszweski 
University of Birmingham, BIRMINGHAM, United Kingdom 
 
This paper draws lesson from a number of multidisciplinary projects on the impact of weather and potential impact of climate 
change on transport. These include the UK Research Councils funded FUTURENET project, the Network Rail-funded REWARD 
project and the EC-funded MOWE-IT project. The focus is on a multidisciplinary assessment framework created within which 
the FUTURENET project has: (i) determined relationships between observed weather and transport failure (ii) extrapolated 
these relationships on to future climates using a journey resilience model (ii) extrapolated these impacts on to future climates 
using statistically downscaled climate projections (iii) modified these impacts with future scenarios for the UK transport 
network and its use. Large ensembles of simulated journeys along the route corridor under present and projected future 
climates are subjected to synthetic weather and associated weather-related delays including those caused by infrastructure 
failure and behavioural change on the part of the driver, producing probabilistic projections for the future performance of the 
route for surface transport. These projections can be used to answer questions about current and future resilience from a 
number of different stakeholder perspectives. For instance, policymakers may want an idea of the potential impact of climate 
change on the social and economic functions of transport, such as the transport of freight or the maintenance of spatially-
extended social networks, whereas infrastructure managers may be interested in the frequency with which particular assets 
may fail, as a means of prioritising adaptation work. 
We argue that unlike sectors traditionally associated with climate change impact assessment, the spatial and temporal scale 
with which transport reacts to weather requires a bottom-up modelling approach. Key amongst the future requirements is the 
creation of spatially-correlated weather generator output derived from overlying climate projections, essential for a network 
which is vulnerable to spatial hazards. Moreover, the handling of daily and hourly extremes by current generators is 
insufficient for many modes of infrastructure and transport failure. Comment is made on the current availability and suitability 
of transport data and how this should be improved to meet the requirements of impact assessment. These include asset 
condition, location and elevation, but also the criticality of links and nodes in the network in terms of disruption propagation 
and the social and economic importance of routes. 

5.2 The role of critical infrastructures in disaster risk mitigation 

Multi-Scale Criticality Analysis for National Infrastructure Network Systems 
 Thacker, Pant, Hall 
University of Oxford, OXFORD, United Kingdom 
 
The severity of the consequences of critical infrastructure failure depends upon complex interactions at a wide range of spatial 
scales. We provide new insights into the spatial criticality of real-life critical infrastructure networks by integrating high-
resolution data on infrastructure location, connectivity and interdependence. We propose a metric of spatial criticality in terms 
of the number of customers that may be disrupted by infrastructure failure. Using this metric we provide a framework for 
evaluating the spatial criticality of infrastructure systems at multiple spatial scales. This analysis provides evidence to inform 
the targeting of investments to reduce risks and enhance system resilience. We provide a comprehensive and unique national 
scale demonstration for Great Britain utilizing previously unavailable data from the energy, transport, water, waste and digital 



communications sectors - testing 170,000 failure scenarios. 
 
 
Climate adaptation engineering: a transport network case study 
 Pregnolato 
Newcastle University, NEWCASTLE, United Kingdom 
 
Critical infrastructures, such as transportation systems, are at risk of natural hazards worldwide, in particular in urban areas. A 
changing climate and a strong urbanization is posing under pressure communities, assets, and built environment. As 
infrastructures can be considered the backbone of cities, network resilience has become a necessary component of any 
structured development. A key to effective acts on road transport network is an in-depth knowledge of their exposure and 
vulnerability to geologic hazards, as floods, and the damage due to their impact experienced across the network. 
In recent years, since uncertainty trends dominate the scenario, flood management has seen a transition from scenario-based 
approach to risk-based approach. Therefore, risk modelling has assumed a key role in flood risk assessment (De Moel and Aerts 
2011). 
This research addresses the challenges by focusing on the development of probabilistic methodology for managing risk by 
modelling urban transport networks within the context of flooding events, through a combination of climate simulations and 
spatial representations. By overlaying spatial data on hazard thresholds from a flood model and a flood safety function, 
different levels of disruption to commuting journeys on road networks are evaluated as indirect tangible damage (Jenkins et al. 
2012). To calculate the disruptive effect of flooding on transport networks, a function relating water depth to safe driving car 
speed has been developed by combining data from experimental reports, safety literature, analysis of videos of cars driving 
through floodwater, and expert judgement. 
A preliminary analysis has been run in the Tyne & Wear (in North-East England) region to demonstrate how the analysis can 
assessed the disruptions for commuter journeys due to flooding. Nevertheless, it can be applied to present conditions as well 
as future uncertain scenarios, allowing the examination of the impacts alongside socio-economic and climate changes 
As model validation is rarely performed in damage modelling and it is often evaluated as a gap in the research, an urban flood 
validation on real data from traffic flows is an on-going effort to assure the reliability of the method. 
Future research directions are likely to undertake cost-benefit analysis of adaptation measures, for an optimal employment of 
resources and a cost-effective risk management. This new step will involve i) flood risk estimation of events with different 
severity and frequency ii) a portfolio of potential risk reduction options iii) quantification and comparison of benefits and cost 
of the different options selected. 
 
 
Resilient critical infrastructure at local level 
 Gebhartova 
AF-CITYPLAN Ltd., PRAGUE 1, Czech Republic 
 
Cities are concentrated centers of people, assets, and economic activity. This concentration increases exposure to the impacts 
of climate change and natural hazards, making urban dwellers particularly vulnerable to very sever hazards. When a disaster 
hits, impacts can include the loss of basic services, damage or destruction to homes, reduction of loss of livelihoods, threats to 
security, social conditions, public sector and the rapid decrease of local economy. Big cities cope with consequences of disaster 
significantly worse. Long-term interruption of services in critical infrastructure can result in breakdown of the whole society in 
a city and can bring occurrence of pathological phenomena. When supplies of basic commodities are reduced and supply chain 
is not renewed, people cannot meet their fundamental needs and they begin literally to fight for their survival. 
If population and urbanization rate keeps rise, it will be harder to supply these territories and ensure population protection 
against extraordinary events. In the world of 21st century, new way of thinking (based on the concept of resilience) is needed. 
Resilience of infrastructure in water supply, energy supply and food supply sectors is high priority because these services are 
essential for fast recovery of functions in a society. 
The presentation deals with first results of research project VF2011201518 'Security of population - crisis management' 
concerning issue of critical infrastructure, ensuring regional self-sufficiency in crisis situations and issues related to population 
protection and water, energy and food security. The project is being solved within Security Research of Ministry of the Interior 
of the Czech Republic in 2011 - 2015. 
 
 
Flood risk assessment for the port of Rotterdam infrastructure 
 Nicolai 
HKV Consultants, LELYSTAD, Netherlands 
 
Past floods have shown that critical infrastructure networks are highly vulnerable to floods and when disrupted, the 
consequences of the flood might increase significantly. The most striking example is the tsunami in Japan in 2011, which led to 
the meltdown of three nuclear reactors. As a consequence more than 4 million households were left without electricity. 
As part of the EC FP7 ENHANCE project (Grant Agreement No. 308438) the case-study 'Port of Rotterdam infrastructure' aims 
to reduce and mitigate the flood risk of Europe's largest port, now and in the future. The port of Rotterdam is one of the 
largest logistic, industrial and electricity hubs of Europe. The yearly container throughput is about 450 million TEUs. The 
industrial cluster contains amongst others five oil refineries. The productive capacity of the power plants in the port is about 



7,000 megawatts, powering a quarter of the industry and homes in The Netherlands. 
Currently, the Port of Rotterdam area is considered safe against storm surge floods. The paradox is that the port is located on 
relatively high grounds, outside of the primary flood defence system of The Netherlands. Climate change (sea-level rise) 
directly increases the port's flood hazard. The challenge is to develop an adequate adaptation strategy, which minimizes 
(future) flood risk and enhances society's resilience. To compare strategies and policy measures a risk assessment tool is 
required that captures the port's flood hazard, exposure and vulnerability under several scenarios. Such a tool must not 
neglect the presence of the port infrastructure. After all, any substantial disruption of the port infrastructure has a great 
impact on the Dutch society and possibly on that of North-West-Europe. 
We propose an integrated framework for flood risk assessment with societal disruption as the main indicator. Societal 
disruption is defined as 'the extent to which people experience physical, social and emotional hindrance by failure of a function 

due to a flood'. The framework considers business interruption and several �infrastructure' functions such as electricity and 
accessibility. Societal disruption is quantified by the number of affected people (inside and outside the vulnerable area), the 
impact factor and the duration of the disruption. These variables are specified for all functions. Disruption only occurs if the 
water depth exceeds a certain threshold, specified for each function. 
The framework is tested on the port of Rotterdam area. The first results are promising. Wider application to other areas 
vulnerable to natural hazards is foreseen. 
 
 
Understanding national scale systemic risks due to critical infrastructure network failures 
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National infrastructures such as energy, transport, water, waste and ICT are critical lifeline systems on which society and 
economy are reliant. These infrastructures are generally built as networks, comprising critical node assets and connecting edge 
assets, which span the entire national landscape or even traverse beyond national borders. Hence the impacts of any failures 
to such networks can grow substantially from localized effects towards more global scales. There is enough evidence to 
support this claim, because there have been major infrastructure failures during extreme events such as hurricanes (Katrina 
2005, Sandy 2012), tsunamis (Japan 2011), floods (Great Britain 2013/2014), which have lead to widespread disruptive effects. 
For risk mitigation and long-term planning for sustainable infrastructure a key research question arises: What are the risks of 
infrastructure network failures and how can such risks inform resilience planning? 
The aim of this research is to address the above research question through a spatial risk assessment framework that 
incorporates: (i) spatially coherent probabilistic extreme weather events; (ii) interdependent national infrastructure networks; 
(iii) network demand models; and (iv) macroeconomic linkages. The outcomes of the framework include: (i) spatial estimates 
of key vulnerabilities in national infrastructure networks; and (ii) demographic and economic consequences of national 
infrastructure failures. 
The risk assessment framework is demonstrated through a flood risk analysis case study of interdependent national-scale 
networks for Great Britain. For an island like Great Britain, flooding risks are a major cause of concern and are imminent as 
future climate projections indicate the likely increase in sea levels and frequent extreme rainfall events. We have created 
detailed spatial networks for the electricity and transport infrastructures and tested their failures when exposed to extreme 
floods events with 1000-year return periods. The analysis shows that importance of understanding interdependence among 
infrastructures, which leads to greater failure propagations. 
The work presented here makes important contributions to research and practice. The national-scale infrastructure risk 
perspective provides a useful tool for network operators for analyzing vulnerable points in networks thereby leading towards 
adaptation planning. Flooding is a major cause of concern in Great Britain, which makes the present research very useful for 
policy planner and industry stakeholders who are looking for updating the current understanding of large-scale flood risks. In 
the end we provide a useful tool for infrastructure planners and operators. 
 
 
Potential of intramodal and cross-modal substitution in enhancing the resilience of air transport - Evidence from European 
airports 
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Air transport is a crucial enabler of the modern global economy. Many major international flows of people and high-value 
goods are almost solely dependent on it. Climate change affects air transport infrastructure and operations due to changing 
weather patterns and regional increase in some adverse conditions. Because of its critical role in the economy, successful 
adaptation within the air transport is a necessity. This study analyzes the potential of flexible measures such as intramodal and 
cross-modal substitution to cope with disruption caused by adverse conditions. Switching passenger flows temporarily to 
another airports or to rail instead of air could alleviate the delays and costs caused by disruptive weather. Such measures can 
also yield benefits in current climatic conditions since aviation is already relatively vulnerable to weather in comparison with 



other transportation modes; weather is the direct cause of at least 10 % of all flight delays. Delays caused by weather also tend 
to last longer than delays caused by other factors (Perrels et al., 2014). 
The study aims to examine the potential implementation of substitution measures in relation to current air transport 
operations. First, the recent trends and developments in weather related air delays are analyzed based on statistics from 
Europe, United States and Asia. This is followed by a review of regulatory and operational measures currently in place to 
manage weather related delays. Finally, using Amsterdam Schiphol and Frankfurt am Main airports as case studies, a new 
method is developed to calculate the potential impact of intramodal and cross-modal substitution on air transport operations. 
These airports are selected because such congested hub airports operating on or beyond their airside capacity limit are 
practical bottlenecks of the European air traffic system. 
The results indicate that the impacts of adverse weather conditions on air transport operations can be significantly reduced 
using new, flexible substitution measures. Based on these analyses, a set of policy suggestions and ideas for future research 
are formulated. The results of the study can guide further improvements in enhancing the adaptive capacity of air transport in 
Europe in the face of climate change. 
References 
Perrels, A., Harjanne, A. Stamos, I., Kreuz, M., Temme, A., Doll, C., Tagscherer, U., Jaroszweski, D., Nokkala, M., Tuominen, A., 
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The Dutch delta is increasingly dependent on well-functioning interlinked and interdependent infrastructure networks. These 
critical networks are highly vulnerable to climate related disasters and incidents, such as floods, extreme precipitation, and 
extreme droughts. Recent developments in adaptation policy - for instance those within the framework of the Delta Program - 
show increasing attention being paid to managing the risk of social disruption and social/economic loss due to climate induced 
network failure. In a background study on behalf of the establishment of the Dutch National Adaptation Strategy by 2016, the 

authors mentioned above - as an interdisciplinary team of legal and governance experts - have assessed the �climate 
preparedness' of several vital network sectors, among which the electricity sector, the internet sector, and the inland 
navigation sector. Criteria for assessing the concrete level of preparedness were the explicitness, transparency, legitimacy and 
effectiveness of legal adaptation responsibilities within relevant sectoral legislation. The researchers distinguished public and 
private (proactive) preventive and mitigative responsibilities from (reactive) responsibilities to repair any network damages. A 
main conclusion was that - however slowly increasing and differing per sector - the general level of awareness, and hence the 
level of preparedness across the sectors mentioned is rather low. Moreover, especially within the electricity and internet 
sector, there seems to be a practical focus on reactive measures, whereas opportunities for risk prevention/mitigation are 
being missed. The main recommendation was to (legally) explicate adaptation responsibilities where needed, to stimulate the 
adoption of a more proactive strategic approach, and to focus more on interdependency of critical networks (cascade-effects). 
The conference presentation will focus both on methodological aspects and the operationalization of the assessment criteria, 
as well as on the study's main conclusions and recommendations. 
 
 
Frequency analysis on critical meteorological conditions in a changing climate - Assessing future implications for railway 
transportation in Austria 
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Alpine railway infrastructure is essential for the European transit of passengers and freight as well as for the accessibility of 
lateral valleys and their economic welfare. Due to limited usable space in alpine regions, railway lines in Austria often follow 
flood plains or are located along steep unsteady slopes, which considerably expose them to floods and alpine hazards. The 
majority of alpine hazards are, as a general rule, triggered by extreme (hydro-) meteorological events such as heavy 
precipitation or extreme temperatures and, thus, are a great issue of concern for risk management for railway infrastructure. 
Since meteorological hazards cannot be prevented and the implementation of technical protection measures is often not 
feasible for both financial reasons and aspects of nature and landscape protection, the risk mitigation strategy of the Austrian 
Federal Railway also puts great emphasis on precautionary and organizational measures as well as preparation tools, i.e. 
monitoring, warning services, alarm plans and also disruption of traffic if specific thresholds are exceeded. Therefore, a 
weather information and warning service for railway infrastructure was implemented in 2005. 
However, the Alpine region is constantly disclosed as particularly sensitive to climate change. According to recent studies, a 

significant annual mean temperature rise of approximately 1.6 �C until 2040 as well as potential seasonal changes in 
precipitation frequencies and intensities is indicated. These changes will presumably have serious implications on the current 
risk profile of Austria. Hence, providing insights on future trends and frequencies of meteorological extremes with relevance 
for the railway operation is of utmost importance for a comprehensive and sustainable natural hazard management. 



The major objective of this study was to inform the decision makers in the railway sector on possible future changes in hydro-
meteorological triggering events for alpine hazards due to climate change. Therefore, frequencies of certain air temperatures 
as well as liquid and snow precipitation amounts in the periods 1961-1990 and 2011-2040 were analysed on the basis of 
different regional climate models. Further, the sensitivity of results was tested with varying meteorological thresholds. Finally, 
the consequences for railway transportation will be discussed. 
This case study is part of the ENHANCE-project, funded by the 7th EU Framework Programme (Grant Agreement number 
308438). 
 
 
Disruption of a drainage infrastructure system: economic outcomes and risk mitigation policies 
 Carrera, MA Amadio, JM Mysiak 
Fondazione Eni Enrico Mattei, VENICE, Italy 
 
Over the centuries, flood plains have always attracted the development of human activities. This is partly explained by the 
easiness of waterways transportation, and also by the fertility of soils in alluvial plains and former wetlands. To allow 
agriculture production and urban development, river diversions and modifications, dams, water reservoirs, dykes, river 
embankments, and artificial drainage systems have been constructed over time. As a consequence, societies have become 
more and more dependent on the functioning of their infrastructure systems. 
Amongst these areas, one of the most economically productive in Europe is the downstream part of the Padan Plain, in 
Northern Italy. In particular, under certain meteorological conditions, in the low-altitude zones of this area, the sophisticated 
system of gravitational water drainage needs to be complemented by water uplifting plants enabling discharge into local 
rivers. Clearly, this system is extremely vulnerable to external shocks. 
Beyond other physical impacts, the devastating earthquake that hit hard the Emilia Romagna region in May 2012 has damaged 
the water uplifting plants. As a temporary result, flood risk increased dramatically in almost 100 km

2
 of residential, 85 km

2
 of 

industrial and 840 km
2
 of agricultural land. The event disclosed further vulnerability, generating the need for innovative 

disaster risk mitigation strategies. 
Against this background, this analysis is intended to inform the construction of a multi-stakeholder partnership, rooted in an 
inter-regional civil protection agreement, and negotiated among a multitude of public and private institutions, for the case of 
controlled floods and damage reduction by shifting the flood risk and damage from high- to low value land use categories. The 
analysis ties in with the recent flood risk reduction pursued throughout Italy that aims at flood peak lessening through imposed 
land easement and servitude. 
The research estimates how impairment to drainage infrastructure increased flood risk and amplified the potential economic 
damage. The flood hazard analysis is based on the observed precipitation applied in 1D hydraulic model Storm Water 
Management Model. The flood damage is assessed using the stage damage curves transposed into the Italian business and 
residential wealth context, and regionalised gross added value with variable grid resolution. Impaired infrastructure scenarios 
are applied. 
The results show that the flood risk responses based on controlled flooding on low-value land uses are cost-effective strategies 
able to reduce the flood damage by a factor 5-6. These results are robust against the uncertainty of flood damage estimation. 
 
 
A strategy for public infrastructure resilience: Case study of El Salvador in Central America. 
 Ventura, Martinez 
Ministry of Public Works, SAN SALVADOR, El Salvador 
 
El Salvador in Central America was declared in 2010 by United Nations as the most vulnerable country in the world to the 
impact of natural phenomena, especially those related to climate. In the last six years more than 100 bridges were affected by 
extreme rainfall, main roads were blocked by landslides and urban flooding impact has increased. The cost of disasters related 
to rainfall in 2011 came to reach 6'%' of GDP of the country. Given this scenario, a strategy has been implemented by the 
Ministry of Public Works of El Salvador in order to move the country from a culture of reaction and emergency disaster to a 
culture of prevention at all levels. Resilience for road infrastructure and for urban and rural settlements is one of the main 
goals of the strategy; the participation of communities, private companies, universities, local governments, official 
development assistance agencies and others key stakeholders is included. Significant progress has been done and an 
important leadership is recognized in Central America for El Salvador related to disaster risk management and climate change 
adaptation. The strategy, progress, limitations and challenges for the future are presented on the paper. 

5.3 Assessing the impact of adaptation strategies on reduced vulnerability of economies to 
energy-related climate impacts 

The Application of High Resolution Seasonal Downscaled Models for the Energy Performance of Buildings 
 Eleftheriadou, Dr. Sfetsos, Mr. Gounaris 
Environmental Research Laboratory, INRASTES, NCSR „Demokritos„, ATHENS, Greece 
 
The socioeconomic impacts of climate change on buildings and infrastructures make the need for resilience and adaptation 
measures urgent and critical. Climate impacts vary across the EU according to the location, the seasonal patterns, the 



territorial settings (e.g. urban/rural/coastal), the existing adaptive capacity and resilience, and the level of economic 
development of each region. Climate change impacts, such as an increased frequency of extreme weather events or changing 
air temperatures have effects on energy transmission, distribution, generation and demand. The impact on energy factor leads 
directly to the economy impact. 
The application of a seasonal forecasting model downscaled with a very high spatial resolution is examined in the current 
paper in order to assess the energy performance and requirements of buildings. Greece, as a country in the middle of a 
financial crisis and facing serious societal challenges, is also very sensitive to climate changes. An extensive bottom-up 
framework is presented for assessing building sector-specific vulnerability to climate change: energy supply and demand. The 
commonly used method for the correlation of climate change with the buildings energy consumption is the concept of Degree 
Days (DD). This method can be applied to heating and cooling systems for a better management of environmental, economic 
and energy crisis, and can be used as medium (3-6 months) planning tools in order to predict the building needs and country's 
requirements for residential energy use. The research focuses on the application of downscaled seasonal models for 
estimating energy performance of buildings in Greece. The ARW-WRF model has been set-up and suitably parameterized to 
produce downscaled climatological fields for Greece, forced by the output of the CFSv2 model. The outer domain, D01/Europe, 
included 345 x 345 cells of horizontal resolution 20 x 20 km

2
 and the inner domain, D02/Greece, comprised 180 x 180 cells of 5 

x 5 km
2
 horizontal resolution. 

The comparison has been established for a period of 5 months through a series of indices for estimating Heating (HDD) and 
Cooling Degree Days (CDD) for a) 6-hourly data and b) interpolated hourly data. The data, that covered all Greek regions and 
climatology zones according to the existing building regulations code present a very reasonable correlation with data published 
in previous studies. The low biasing terms is also an indication that predictions do not have a consistent over- or under- 
prediction which will be transferred into the estimation of the HDD and CDD.  
 
 
Electricity Generation System in Taiwan: Risks under Climate Change 
 Lu, Chen, Lee 
Taiwan Research Institute, NEW TAIPEI, Taiwan 
 
Climate-induced events such as extreme weather, floods, drought and typhoon can threaten both the energy supply and 
energy infrastructure. IPCC AR5 indicated that climate change did affect energy supply on different aspects include energy 
source, electricity generation, and power grid. In an effort to address climate change challenges in Taiwan, the government 
had set a series of policies related to 'Energy Saving and Carbon Reduction' and 'Adaptation Strategy.'  
In this paper, a semi-qualitative method has been developed to evaluate the climate risks of Taiwan's electricity generation 
infrastructure. Four main climate-related factors (storm surge, land slide, strong wind, and flood) and 53 key electricity 
generation facilities which includes 15 power plants, 9 independent power producer (IPP) and 29 extra-high voltage substation 
(E/S) are considered. 
 
 
Synthesizing climate change scenarios, impacts, and adaptation information in an EU-wide GIS framework. 
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In the FP7 project ToPDAd[1] a suite of sector-linked cases was selected, for which the original climate change impacts as well 
as the effectiveness of adaptation strategies were assessed by means of sector models. To support this process, a set of RCP-
SSP scenario combinations was selected: RCP2.6-SSP1, RCP4.5-SSP4, and RCP8.5-SSP5. For an ensemble of 17 global climate 
models, monthly temperature and precipitation projections per decade for the period 2010-2100 were produced for the three 
RCPs by means of pattern scaling (Osborne et al. 2015). The forecasts were subsequently adapted to a geographical 
information systems (GIS) spatial lattice of approximately 17 000 25 x 25 km grid cells, covering the EU29 plus EFTA countries 
(Osborn et al. 2014). Population and GDP forecasts were added to this system based on the SSP scenario repository of IIASA 
and regional base year (2010) data of Eurostat; these were also downscaled to the same 25 x 25 km grid cells. These data form 
the basis of the system. Specific projections of occurrence of extreme events in selected regions are added, regarding droughts 
and heat waves, strong winds, and snow cover. 
Subsequently, the case-specific sector model assessment results have been added if spatial differentiation was applicable. This 
created a system for the comparison of climate change trends and impacts in different socioeconomic contexts at a variable 
spatial scale. The presentation will provide a cross-section of the possibilities and results. Linkage to an internet-based 
presentation tool is under development (see other ToPDAd related contributions in ECCA: Lokers et al.; workshops organized 
by Hanski et al.). 
[1] TOPDAD - Tool-supported policy development for regional adaptation. 
References: 
Osborn, T.J., Votsis, A., Perrels, A., Melvin, T.M., Harjanne, A., Wallace, C. (2014), Climate hazard & impact scenarios, 
Deliverable 2.1, FP7 ToPDAd project, http://www.topdad.eu/publications. 
Osborn T.J., Wallace C.J., Harris I.C. and Melvin T.M. (2015), Pattern scaling using ClimGen: monthly-resolution future climate 
scenarios including changes in the variability of precipitation. Under review by Climatic Change. 
 
 



Adapting power generation to climate change impacts 
 Azevedo, Kiviluoma, Ekholm, Rosqvist 
VTT Technical Research Centre of Finland, ESPOO, Finland 
 
The paper analyses the potential impact of climate change on the costs of operating the Northern European power system 
from climate change adaptation perspective. Based on the representative concentration pathway (RCP) climate model results, 
climate change is likely to increase hydro inflow and decrease winter time heat demand, resulting in lower electricity 
consumption. The impact of wind power and photovoltaics generation was ambiguous with the climate model results used. An 
integrated assessment model TIMES and a power and heat sector investment model Balmorel were applied to analyse the 
impact of these changes on the power sector. TIMES generated electricity demand projections and Balmorel was used to 
calculate power and district heating sectors in more detail. First, a base case was calculated where no climate change was 
assumed. Then different RCP and shared socio-economic pathway (SSP) scenarios were applied and the models adjusted 
power sector investments and operations to the new conditions - i.e. adaptation. It was also tested what happens if the 
adaptation misses the target. The results demonstrate that the sensitivity of the power system towards the considered climate 
change impacts is likely to be low. For Northern Europe climate change is likely to bring cost reductions. However, this analysis 
does not account for extreme weather events, such as the impact of long-term droughts to cooling water availability; or 
changes in the temporal distribution of wind speeds and rainfall patterns. 
 

6. Adaptation policy and governance  

6.1 The innovation of adaptation policies across scales 

Are there adaptation barriers? Experiences from Switzerland 
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The need for adaptation efforts to reduce climate risk is widely recognised as indispensable in order to deliver human security 
and the functioning of the physical environment. However, findings from previous works (Adger et al., 2007; Klein et al., 2014) 
have identified the possibility of adaptation barriers or constraints which are hindering the development and implementation 
of adaptation policies and strategies. In a cross-sectoral approach, the existence and impacts of adaptation barriers are 
assessed across different political levels (federal, cantonal and local) in Switzerland. Based on an extensive survey, key 
stakeholders (authorities, insurance companies, NGOs) are targeted to provide their perception about potential adaptation 
barriers, such as knowledge, motivation, technology, finance and institutional/legal issues. Findings from initial talks to key 
stakeholders show that the adaptation process in Switzerland has so far only partially been down-scaled from the federal to 
the local level. Thus, adaptation barriers are likely to exist; however, this does not rule-out that climate change adaptation still 
occurs, at least to some extent autonomously through the implementation of non-adaptation-specific policies. This study 
therefore focuses on the challenges associated to the diffusion (Implementation) of the existing federal (national) climate 
change adaptation strategy across different levels and among key stakeholders involved in this process. Moreover, it aims to 
highlight what the drivers and underlying causes (barriers) are in order that climate change adaptation takes place in 
Switzerland. A better understanding on how the adaptation process functions also provides crucial insights about how to 
increase the actual adaptive capacity of Switzerland. 
References: 
Adger, W. N., Agrawala, S., Mirza, M. M. Q., Conde, C., O'Brien, K., Pulhin, J., Pulwarty, R., Smit, B., and Takahashi, K. (2007). 
Assessment of adaptation practices, options, constraints and capacity. Climate change, 717-743. 
Klein, R. J. T., Midgley, G. F., Preston, B. L., Alam, M., Berkhout, F. G. H., Dow, K., and Shaw, M. R. (2014). 'Adaptation 
opportunities, constraints, and limits,' Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA. 
 
 
Public Health Adaptation to Climate Change in Canadian Jurisdictions 
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Climate change poses numerous risks to the health of Canadians. Extreme weather events, poor air quality, and food insecurity 
in northern regions are likely to increase along with the increasing incidence and range of infectious diseases. In this study we 
identify and characterize Canadian federal, provincial, territorial and municipal adaptation to these health risks based on 
publically available information. Federal health adaptation initiatives emphasize capacity building and gathering information to 
address general health, infectious disease and heat-related risks. Provincial and territorial adaptation is varied. Quebec is a 
leader in climate change adaptation, having a notably higher number of adaptation initiatives reported, addressing almost all 
risks posed by climate change in the province, and having implemented various adaptation types. Meanwhile, all other 
Canadian provinces and territories are in the early stages of health adaptation. Based on publically available information, 
reported adaptation also varies greatly by municipality. The six sampled Canadian regional health authorities (or equivalent) 
are not reporting any adaptation initiatives. We also find little relationship between the number of initiatives reported in the 



six sampled municipalities and their provinces, suggesting that municipalities are adapting (or not adapting) autonomously. 
 
 
Assessment of European regional adaptation strategies 
 Lasage, Eikelboom 
IVM VU university Amsterdam, AMSTERDAM, Netherlands 
 
Recently the EC has published a white paper on climate change adaptation and the European Adaptation Strategy. This will 
lead to the development of more national adaptation strategies. However, there are different requirements for adaptation in 
different geographical areas and sectors, hence the region is the scale level where more concrete adaptation strategies and 
plans will be developed. In 2013 the EC has published a guideline for developing regional adaptation strategies. However, over 
the past years several regions in Europe have developed adaptation strategies already. 
Here we will present the results of an assessment of the quality of these regional adaptation strategies in Europe, with a 
specific focus on the use of spatial, or geo-information and the inclusion of stakeholders in the process. We use the evaluation 
matrix from Preston et al. (2011) in this assessment and study the relation between the quality of the strategies and the use of 
geo-information. The main results of the study are that most strategies are rather climate change effect and impact 
assessments instead of climate change adaptation strategies. Also the inclusion of stakeholders is limited in most strategies. 
The quality of the strategies varies and the use of geo-information is also highly variable, and not always in line with the EC 
guidelines. 
This study provides a first overview of experiences with regional adaptation strategies. The results shows that most strategies 
do not cover all topics that are described in the EC guideline on regional adaptation strategies. Our results are relevant for 
governments that will develop adaptation strategies as they can learn from the past experiences, and provides input to the EC 
on the policy field of climate change adaptation. 
 

 
Climate Policy integration across Europe: Assessing adaptation policy through national adaptation strategies 
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Abstract proposed for ECCA 2015 session 44 
Climate Policy integration across Europe: Assessing adaptation policy through national adaptation strategies 

Helle, �rsted Nielsen (Aarhus University, Denmark ), Anne Jensen, (Aarhus University, Denmark), Duncan Russel, (University of 
Exeter, UK) and Eleni Kareli (ISPRA, Italy) 
Across the EU, member states, cities and regions are addressing the challenge of managing impacts of climate change which 
has implied adoption of national strategies in a number of countries. Among policy makers as well as in academia, there is 
growing concern for how to successfully implement adaptation policy and address issues that involve a wide range of actors 
and areas of society and which involve uncertainty in scale of impacts and effect of instruments. Advancing the adaptation 
policy objectives, the sectoral organisation of public policy has shown to halter development of climate adaptation actions 
(Adele and Russel, 2013); in other sectors adaptation objectives may be overshadowed or opposed by sectoral policy 
objectives, reflecting opposing interests or relatively lower positions on policy agendas. Concomitantly, policies and policy 
actions at one level are influenced by policies and policy actions at other levels of policy making, from European to local/city 
level (Mickwitz et al, 2009). Thus, the coordination of climate adaptation objectives with policy issues and objectives across 
sectors and across levels of policy making emerges as crucial, and integration of climate policy objectives appear as vital for 
effective climate adaptation. While recognition of the importance of climate policy integration is growing, how to successfully 
implement this in practice is tested, ranging from institutionalised practises in some member states to mere intentions stated 
in national strategies of other member states, and covering a wide range of instruments. Approaches additionally vary in focus, 
from very procedural approaches to approaches mainly focussed on outcome. 
Integration of climate objectives thus develop along several dimensions, including sectors, policy levels, policy instruments, 
and procedures/outcomes. In this study, we focus on procedural approaches and, in the context of national governance 
systems, the paper examines dominant perceptions of climate change and involvement of targeted sectors and procedures 
established, through a conceptual framework based on environmental policy integration theory. Based on this, we assess how 
weak or strong climate policy integration is in national adaptation strategies in seven member states. 
 
 
Institutionalisation of climate policy: The role of national boundary organisations 
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Dealing with climate change is a collective action problem, where action needs to be taken not only at the international level 
but also at the national level. In the recent years, there has been a proliferation of national climate change advisory 



organisations globally, signifying a process of institutionalisation of climate policy. These scientific advisory organisations are 
becoming a permanent feature of national climate change policy through climate related legal frameworks, further 
demonstrating the evidence-based approach in environmental policy making to resolve collective action problems. Whilst 
there have been examples of policy fora for other issues, such as healthcare, agriculture, water governance for example, there 
are no instances where their mandate has been written into legislation, as is the case for some climate panels and committees. 
These kinds of advisory bodies have been a topic of science-policy field for some time already, where the concept of boundary 
organisation has been used to exemplify the idea of a science-policy forum for the transfer of knowledge. Hence, the concept 
of boundary organisations is not new and they have existed for decades in various forms appearing in response to certain 
problems bridging science and policy. However, we argue that these climate committees go beyond a conventional boundary 
organisation, given their status through climate legislation, thus changing the nature of boundary organisations. 
We examine these processes in national level climate policy making in Australia, Finland, Germany and the United Kingdom. 
These examples on climate change policy do not only work on principal-agent theory solely delivering scientific expertise on 
demand, but have a permanent function of advising governments and parliaments during decision-making process, as well as 
reviewing climate policies and shaping solutions. In order to guide our analysis, we use the eight 'design principles' of stable 
local common pool resource management that Ostrom identified. The analysis focuses on the structure, setup and status of 
these organizations, and we discuss how and what has contributed to their successful bridging of the science-policy gap or why 
it has failed to do so. 
 
 
Preserving the national cultural heritage in the framework of the impacts of climate change 
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Art and adaptation 
The potential impact of climate change covers physical, social, and cultural aspects that directly threaten forms of life, work, 
worship and socialization of the communities and their assets. 
in Mexico, public and private organizations show little interest by introducing the risk variable impacts of climate change in 
projects, even when the increased intensity of extreme climate events are impacting every year the national infrastructure and 
the extensive and rich cultural heritage of the nation, reason by which the authors conducted a research that highlights the 
importance of adaptation and prevention to the effects of climate on cultural heritage, combining the past and the expression 
of continuity of tradition and creativity that currently is also a robust engine of economic activities, in addition to strengthening 
social and territorial cohesion. 
Much of the country's physical cultural heritage is at risk of deterioration or definitive loss due to environmental degradation, 
global warming, socio-economic pressures, the advance of urbanization and mass global tourism, is also highly vulnerable to 
natural disasters and phenomena related to climate change. Consider the impacts of climate change in isolation is not enough 
to know its effects in the cultural field, better understanding and management of risks is an integral vision of the alterations by 
climatic factors, natural disasters and risks arising from the use and appropriation. 
In sum, climate impacts for better or for worse to society and climate change can definitely affect our own future political, 
economic and social; changes taking place adaptation is an option to safeguard the cultural heritage historical and present an 
opportunity for the culture. 
we attempt to show the findings of our investigation and to link with colleagues working in climate change and cultural 
heritage both tangible and intangible. 
 
 
Industrial water management: An analysis of the European technologies 
 Abritta Moro 
Danish Technical University, GENTOFTE, Denmark 
 
According to the OECD (2012a), the global demand for water is expected to increase by more than 50% over the next 40 years, 
and by the year 2050 more than one third of the global population might be living in river basins experiencing severe water 
stress. This scenario is likely to increase the competition for this resource among domestic users, electricity generation, 
industry and agriculture (OECD, 2012a). In this context, the development of new and more efficient water technologies can be 
considered a key element in the transition towards a sustainable pathway in which eco-innovation is becoming a still more 
important driver of economic development globally (Andersen, 2009). We know from innovation system research that despite 
rapid globalization, nations still display very different patterns in their mode of innovation (Lundvall 2007, Schaaper 2009). This 
is also the case in the eco-innovation area (Andersen, 2009). In this context, the aim of this paper is to identify the nature and 

innovative performance of the core actors in the water �innovation dynamo' (water-companies and knowledge institutions), 
focusing on the industrial water management technologies that have been developed in Europe over the last decade. Although 
there are many studies regarding water management, the knowledge on its outcome is fragmented and, in most cases, 
disconnected from an innovation system perspective. Therefore, the paper will contribute to an evolutionary economic 
understanding of green water innovation systems. 
OECD (2012a) Environmental Outlook to 2050: The consequences of inaction. Available at: www.oecd.org 
Andersen, M.M. (2009) Combating Climate Change Through Eco-innovation - Towards the Green Innovation System. In 
innovative Economic Policies for Climate Change Mitigation (1

st
 ed., pp. 37-58, 2009, Lule. 



Lundvall, B A (2007) National innovation systems-analytical concept and development tool, Industry and innovation, 
Volume: 14, Issue: 1, Pages: 95-119, 2007. 
Schaaper, M. (2009) Measuring China’s Innovation System: National Specificities and International Comparisons, OECD 
Science, Technology and Industry Working Papers, 2009. 
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Climate adaptation is a rapidly developing policy field, measured by the high number of novel policies that are currently being 
introduced. As such the governance of adaptation offers great opportunities for scholars of policy innovation - it is one of the 
few policy domains where state activity is stil rapdily increasing, but we still lack an understanding of the reason why this is 
ocurring, which patterns are emerging from this increased activity, and the effects this activity has in reality. This presentation 
explains the conceptual framework underpinning the COST Action INOGOV (Innovations in Governance) and is meant as an 
invitation to scholars and practitioners alike to join this Action. The Action starts from the notion that the term innovation can 
be understood in three different ways - each emphasizing different aspects and connected to different scholarly communities. 
One understanding of innovation emphasizes novelty, and then something is innovative if it is completely new to the world. 
Academic communities interested in novelty focus on transitions, on experiments, and on social and policy entrepreneurs and 
thereby seek to understand how new ideas develop and become influential. Another understanding of innovation emphasized 
the rapid diffusion of novel approaches - critically examining what explains the fact that some policies spread rapdily and 
others don't. The associated academic communities try to understand whether internal or external factors influence the 
decisions of jurisdictions to adopt new policies. The third perspective finally, suggests that innovation is a term that needs to 
be reserved for policies that have real impact - critical evaluative questions are asked about how the currently rapidly diffusing 
adaptation policies actually improve our lives. In the presentation, the argument will be made that the current high level of 
governance activity in the adaptation domain are poorly understood - we have little understanding for instance of the question 
where guiding notions on adaptation come from (e.g. that adaptation policies should be multi-sector, that the emphasis 
should be on the local level, or that the main mode of governance should be networked). Also, we do not really understand 
why so many countries are adopting adaptation policies, and much less whether we can expect any actual effects from such 
policies. The presentation is an open invitation to scholars and practitioners to link up with the COST Action INOGOV. INOGOV 
has funding for workshops, special issues, summer schools and exchanges between academic institutions for the next 4 years.  
 

 
An innovative methodological approach for stakeholder engagement at regional level in climate change adaptation policies 
 Ballarin-Denti 
Lombardy Foundation for the Environment, SEVESO, Italy 
 
This contribution explores the role of participatory processes in setting up the planning of climate change (CC) adaptation 
policies across different government scales. Based on the experience of a two-years work in the definition of the recently 
adopted Regional Adaptation Strategy (RAS) in Lombardy (Italy), this presentation aims at: (i) providing a methodological 
contribution to the emerging debate on the role of stakeholder involvement, by exposing an overview of the Lombardy Region 
approach adopted to engage suitable institutional actors in the process of adaptation planning; (ii) reviewing the strategic 
factors to be considered in designing a comprehensive and effective adaptation strategy, based on the model used in 
Lombardy. 
Our results suggest that providing meaningful information and ensuring an effective participation of key stakeholders at a very 
early step of the CC adaptation strategy, enhances the building capacity of decision-makers in developing successful 
Adaptation Plans at regional and local level. 
On the basis of the Guidelines for a Regional Climate Change Adaptation Strategy (see in European Commission, 'Climate 
change adaptation practice across the EU', 2013), a number of socio-economic sectors in Lombardy have been selected, which 
are subjected to multiple and often interacting impacts of the expected local climate change. Moreover, the roadmap of a 
regional adaptation strategy in Lombardy shows that the proper engagement and commitment of all sectoral authorities, 
decision-makers and other stakeholders is a crucial factor to ensure an efficient planning process.  
In the first section of our study, an innovative methodological approach for stakeholder engagement in the definition of the 
RAS is presented, based on the following steps: (i) stakeholders mapping; (ii) online questionnaire; (iii) plenary workshops; (iv) 
intersectoral workshops. 
Effective and coherent adaptation policies require a high degree of consensus between the different levels of governance that 
operate in the same region. Therefore, the planning and the implementation of the Lombardy's future regional Adaptation 
Plan needs to meet the challenges of vertical coordination (ensuring its complementarity with the inter-regional, national and 
European adaptation strategies) and of horizontal coordination (among distinct sectoral interests). 
The second section of the study examines some key factors to be taken into account for a successful definition of the future 
Regional Adaptation Plan in Lombardy, such as the filling of knowledge gaps the provision of quantitative impact assessments, 
the attainment of a high level of stakeholder involvement and the selection of appropriate financing instruments. 
 



6.2 Drawing Lessons from National Experiences of Adaptation Planning and Strategy 
Making 

Handling adaptation policy choices in Sweden, Germany, the UK and the Netherlands 
 Massey
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Parallel to growth in climate change adaptation policies and procedures in Europe, so too has attention been increasing 
towards the governance of adaptation, specifically how countries have begun to define the adaptation 'problematique' and 
craft public policies to address it. In order to address adaptation, countries have had to make certain choices as to the types of 
polices to create, the sectors they should cover (water, agriculture, transportation etc.), ministerial jurisdictions, and how to 
fund activities. The purpose of this article is to contribute to the growing discussion on the governance of adaptation by 
presenting a conceptual framework that outlines which policy choices governors need to make in setting up policy 
arrangements, by applying this framework to a number of countries, and starting the debate on which choice or choices were 
particularly instrumental in shaping adaptation policy in particular countries as a whole. Specifically we look at (1) how 
countries have defined the problem, (2) the administrative levels they have applied it to, (3) the timing and sequencing of their 
activities, (4) the instruments and implementation methods employed, and (5) the costs and benefits. We focus on Germany, 
The Netherlands, Sweden, and the United Kingdom. 
 
 
Mainstreaming adaptation to climate change (ACC) within government agencies: why are some civil servants more 
responsive and purposeful than others? 
 Jacob, Mr Lamari, Mr Sawadogo, Mrs Anstett 
CREXE-ENAP, QUEBEC, Canada 
 
More and more government agencies have committed themselves to adaptation to climate change (ACC) and have begun 
mainstreaming ACC decision-making efforts aiming to develop new responses and adaptation measures (Wellstead & 
Stedman, 2014; Dovers & Hezri, 2010). Several authors have described measures initiated by government agencies within this 
framework (Biesbroek et al, 2010; Kok & de Coninck, 2007; Klein, Schipper & Dessai, 2005), but little empirical research has 
been done to explain the behavior and perceptions of civil servants who are responsible for ACC policies. 
Our paper examines ACC mainstreaming efforts within government agencies and identifies the determinants that make some 
civil servants more likely than others to be proactive in, and committed to, government action concerning ACC. The findings 
are based on data from a survey conducted in 2013 among 394 civil servants working within government agencies directly 
involved in ACC efforts in Quebec, Canada (environment and municipal affairs). Factor analyses were used to establish a profile 
of the knowledge used within the framework of government ACC mainstreaming efforts. Regression analyses (OLS) were then 
used to explain the determinants in question. 
Factor analyses indicate that civil servants are interested in two categories of knowledge related to ACC: i) micro-operational 
knowledge characterizing ACC measures (cost, efficacy, attributes) and ii) macroscopic knowledge of the climate change 
phenomenon (global climate change, general impact, etc.). It has also been learned that some civil servants perceive climate 
change as an imminent danger, whereas others perceive efforts to fight climate change as being well and sufficiently 
underway. The regression results indicate that civil servants who are most committed to developing ACC measures are rather 
young, better trained, more concerned with the impacts of CC, and act with clear support from their manager and within an 
administrative framework that actively collaborates with other government agencies. Our results also indicate that the use of 
new knowledge positively influences the development of ACC measures. Finally, the existence of a government ACC strategy 
also seems to be a significant determinant in developing ACC measures. 
 
 
Adaptivity in the Dutch Delta Program 
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In the Dutch Delta program for watersafety and freshwater supply, a proactive and adaptive approach was chosen. This 
approach was named Adaptive Delta management (ADM). ADM connects short term decisions (in physical domain) with long 
term water challenges and links water investments with other (short term) investment agenda's. It involves incorporating 
flexibility to speed up or slow down investments and keeping options open to shift to another strategy. 
After 4 years of intensive study and stakeholder consultation the Dutch Delta program presented the new Deltaplan for 

watersafety and freshwater supply. The � 16 billion Deltaplan was accepted by parliament end of 2014 and is supported by 



regional and local authorities. It presents 5 principal Delta decisions that set the main directions for the coming decades, and 
the preferred regional strategies that include the short term measures for the years to come. 
In hindsight the question is asked: how was flexibility incorporated in the decisions and strategies? How are the major 
objectives of ADM reached? What are the main conditions for executing such an adaptive approach? In this paper we try to 
structure and analyze these questions and try to formulate lessons learnt and recommendations on how the approach could 
be applied in other settings with similar or different constraints.  
 
 
Drawing lessons about climate change adaptation: what European countries learn from each other and under what 
conditions are they likely to do so? 
 Vinke-de Kruijf 
University of Osnabrück, OSNABRÜCK, Germany 
 

Rather than sharing �best practices' or lessons learned, this contribution takes one step back by questioning the 
transferability of knowledge from one countries to another and the factors that influence such knowledge transfer processes. 
As in the rest of the world, European countries increasingly start to adjust their socio-ecological system in response to the 
expected or projected impacts of climate change. Besides that countries are in different stages of preparing, developing and 
implementing strategies and actions, their strategies and actions also tend to differ in scope with some countries focusing 
much more on water and spatial planning (e.g. the Netherlands) and others paying more attention to health and cultural 
heritage (e.g. France). As countries respond differently and have different levels of knowledge and experience, there is a great 
potential for lesson drawing, policy and knowledge transfer. In a European context, this potential is acknowledged in European 
Climate Adaptation Strategy. Moreover, international collaboration and knowledge transfer is stimulated by various European 
programmes, including the action-oriented INTERREG programmes and the research-oriented Framework Programmes. 
Against this background, this contribution discusses the potential for lesson drawing in a European context as well as the 
factors that support and restrict the drawing of such lessons within the context of European cooperative projects. Building 
upon the literature about lesson-drawing, policy and knowledge transfer, I will highlight different processes by which lesson 
drawing may occur and discuss the role of contextual factors and differences. Building also upon the literature about social, 
organizational and societal learning, I will then elaborate the factors that influence learning in a project or interaction context 
as well as the factors that influence the subsequent transfer and up-take of lessons learned by organizations, networks and 
communities. Theoretical insights will be illustrated with practical examples and experiences of two climate change 
adaptation-oriented European cooperative projects.  
 
 
The national adaptation policy process in Austria: Activities, status, performance, and lessons learned 
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As is evidenced by the comparative analysis presented in the recent EEA report 'National adaptation policy processes in 
European countries - 2014', Austria is among 21 European countries that have developed National Adaptation Strategies and 
one of 13 countries that are already implementing adaptation policies. Following a five-year policy development process that 
applied a broad and intense national participation and consultation approach, Austria has adopted its National Adaptation 
Strategy and Action Plan in 2012. Since then, Austria has embarked on a range of horizontal, vertical and supporting policy 
implementation activities. Sub-national adaptation plans on the level of provincial governments are either in place or in 
preparation, decision-support, guidance and work aids for public administration and stakeholders have been provided, 
bottom-up initiatives on regional and local levels are starting to emerge, the first monitoring and evaluation of NAS 
implementation progress and detectable impacts have been conducted, and the action plan will be revised based on the 
respective first progress report in 2015. Although considerable progress has been achieved since the inception of adaptation 
on the national policy making agenda, financing, horizontal mainstreaming, policy diffusion to lower-ranking levels, and 
concrete implementation on the ground are still facing multiple barriers and challenges, in Austria as in other countries. 
The paper presentation will give an overview of the adaptation policy process in Austria to date and review experiences made 
in strategy making, adaptation planning and policy implementation, with particular regard to governance issues within a 
federal state setting. Drawing on findings of a recent policy performance analysis (empirical surveys, document analysis), 
drivers and success factors as well as barriers and challenges with regard to the approaches chosen in Austria will be identified 
and discussed along the different stages of the adaptation process (e.g., agenda-setting, preparation phase, strategy 
formulation, action plan development, implementation across levels and sectors, monitoring and evaluation) and with 
reference to relevant parts and dimensions of the adaptation policy field (e.g., external factors, motivation, processes, policy 
outputs, science-policy interactions, horizontal integration, vertical coordination, governance arrangements, capacity-building). 
The talk intends to contribute to the sharing of knowledge and experiences between European countries, and it is hoped that 
both countries at various stages of the adaptation policy cycle and strategy-building efforts at regional levels will be able to 
capitalize on the lessons learned in Austria so far. 
 
 
Do we need more information? Exploring the Enablers and Barriers to Climate Adaptation in British Local Government 
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The use of climate information has become of paramount importance in long term planning, including in local government. 
This paper draws on a unique longitudinal dataset to measure progress in adaptation by local authorities (LAs) in Great Britain, 
comparing results from a national-scale survey and follow-up interviews conducted in 2003 with a second wave of research 
completed a decade later. Whereas a decade ago LA staff were unable to find scientific information that they could 
understand and use, we find that these technical-cognitive barriers to adaptation are no longer a major problem for LA 
respondents. Thanks to considerable Government investment in research and science brokerage to improve the quality and 
accessibility of climate information, LAs have developed their adaptive capacity, and their staff are now engaging with the 

�right' kind of information in assessing climate change risks/opportunities. However, better knowledge and capacity has not 
translated into tangible adaptation actions. LAs face substantial difficulties in implementing adaptation plans. Budget cuts and 
a lack of political support from central government have sapped institutional capacity and political appetite to address long-
term climate vulnerabilities, as LAs in Britain now struggle even to deliver their immediate statutory responsibilities. LA 
adaptation has progressed farthest where it has been rebranded as resiliency to extreme weather so as to fit with the focus on 
immediate risks to delivering statutory duties. In the current political environment, adaptation officers need information about 
the economic costs of weather impacts to LA services if they are to build the business case for adaptation and gain the 
leverage to secure resources and institutional license to implement tangible action. Unless these institutional barriers are 
addressed, local government is likely to struggle to adapt to a changing climate. 

6.3 Institutional economics of climate change adaptation 

Institutional adaptation to cooling water scarcity in the electricity sector 
 Eisenack 
Carl von Ossietzky University Oldenburg, OLDENBURG, Germany 
 
This paper studies the adaptation of water management institutions to climate change. Power plants occasionally need to be 
curtailed during heat waves, causing economic losses and putting electricity supply at risk. This problem likely exacerbates due 
to global warming, so that institutional arrangements for cooling water management may require adaptation. The papers 
compares different arrangements with a transaction cost analysis, and balances them with costs from environmental 
externalities. If heat waves only increase in intensity, long-term and site specific temperature caps perform comparatively best. 
Otherwise, total costs can be reduced by a specific contract between the environmental regulator and electricity producers 
(the minimum power plant concept), or a dynamic heat load plan. The paper highlights economies of scale in transaction costs, 
and shows how institutional adaptation can depend on the speed of climate change. The general considerations are illustrated 
by taking the German Rhine catchment as an example. 
 
 
Diagnosing Institutional Traps, Trade-offs and Opportunities for Climate Adaptation: A Meta-Analysis of Case-Study 
Evidence from Europe 
 Oberlack 
University Freiburg, FREIBURG, Germany 
 
Institutions enable, constrain and shape adaptation to the impacts of climate change, variability and extreme events. However, 
current understanding of institutions in adaptation situations is fragmented across the scientific community, evidence 
diverges, and cumulative learning beyond single studies is limited. This study operationalises an institutional diagnostic 
approach to develop a nuanced understanding of institutional traps, trade-offs and opportunities in climate adaptation. It 
conducts a systematic meta-analysis of empirical studies of public adaptation in Europe. The first result is a taxonomy of 
institutional attributes in adaptation situations which decomposes the many institutional details that empirical research has 
shown to shape adaptation. Utilising this taxonomy, the article then identifies archetypical patterns of institutional traps and 
trade-offs that hamper adaptation. Based on this, the paper finds corresponding opportunities that enable actors to alleviate, 
prevent or overcome specific institutional traps or trade-offs. These results cast doubt on the existence of context-free 
institutional design principles for successful adaptation. Instead, the identified opportunities provide leverage to match 
institutions to specific governance problems that are encountered in specific adaptation situations. A set of tailored diagnostic 
questions is provided which can help to take stock of crucial institutional details in future studies of adaptation. Taken 
together, the meta-analysis may contribute to more coherence and integration of adaptation research that we need if we are 
to foster learning about the role of institutions in adaptation situations in a cumulative fashion. 
 
 
Mainstreaming Local Climate Adaptation Investments Using Municipal Income: analyzing actors, adaptation, and context 
using simulation gaming 
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To overcome barriers to climate adaptation, it is often cited that local governments ought to mainstream measures into 
existing policies/processes, yet the answer remains incomplete about how this process is achieved. Using an institutional 
approach, this study analyzes how practitioners use formal and informal rules to enable or constrain the use of a market-based 
municipal financing instrument as a possible means to mainstream adaptation investments. Based on 21 hours of simulation 
gaming sessions with professional planners, the findings indicate that, currently, the instrument would be confronted with the 
enforcement of various institutional rules thereby erecting a financial barrier to implementation. Four key findings are 
highlighted: 1)role of individual tacit knowledge in defining the outer perimeter of rules, including space for alternative 
applications, within limits of structures; 2) practitioners are on a learning curve' about what type of processes and combination 
of instruments are most likely to be effective; 3) more knowledge about the way in which policy-makers enforce or reinterpret 
existing rules may assist practitioners in the development of strategies that shift from trial and error into legitimate 
organizational routines; 4) mainstreaming climate adaptation is beyond the capacity of individual actors, thus broader 
organizational learning is required. The presentation will begin by identifying the institutional analytical approach, followed by 
a description of the simulation gaming method used to explore the institutional fit of the financing mechanism. In conclusion, 
the presentation will identify the findings and suggestions for further research using experiential methods as a strategy for 
practitioners to test drive' different institutional arrangements without the fear personal/organizational damage, which 
provides a co-learning opportunity to advance scientific knowledge about institutional change in the context of climate 
adaptation 
 
 
Adapting Transactions: Integration and modularity in local climate adaptation from a transaction costs economics 
perspective 
 Roggero, AT Thiel 
Humboldt Universität zu Berlin, BERLIN, Germany 
 
Facing the dire prospects of a changing climate, governments worldwide are turning to local administrations so as to move 
towards a future of increased climate uncertainty: the local level is where climate impacts are felt, putting the respective 
public administrations in the best position to gauge the relevant costs and benefits of alternative adaptation strategies. In a 
truly multi-level governance approach, local communities are expected to take the lead on adaptation, relying on the 
necessary support from their respective national administrations. 
Yet, academia is divided on the question of the appropriate scalar level at which to address climate adaptation: the very 
capacity of local administrations to cater for the material and organizational resources needed for adaptation hasn't yet been 
settled conclusively. An extensive literature on barriers to adaptation has shown how easily the link between exposure, 
sensitivity, spontaneous and planned adaptation can be severed, shifting the question to the challenges of achieving collective 
action for adaptation or, more simply, coordinated adaptation. 
Surprisingly, institutional (economics) analyses of those incentives for or against collective action for local adaptation didn't 
follow suit, leaving a dearth of questions open concerning the link between increased climate uncertainty and the governance 
structures shaping the provision of and access to threatened resources. In particular, we know surprisingly little on how such 
structures are expected to react to the likely end of a stationary climate. 
Conveniently, local public administrations play a crucial role in resource management, making them an ideal subject for 
inquiries into the collective action dimension of climate adaptation. Besides, they vary greatly in terms of how they go about 
collective action: some administrations investing a large amount of time and financial resources in coordination across 
branches and units, while other ones deal with it at a chiefly sectoral level, each unit 'adapting' within its own range of 
competences. 
A question emerges here: is such variation is the very proof of local adaptation mirroring local conditions and needs, or is it 
simply inertia? We address such question through transaction costs economics, distinguishing integrated from modular forms 
of organization and trying to link them to different approaches to adaptation. Comparing interview-based case studies from 19 
climate-sensitive municipalities in Germany, we find that large investments in coordination lead to adaptation processes based 
on the flexibility of the available coordination structures. Adaptation processes actually reshaping present coordination 
structures can hardly be captured through organizational variables, though. 
 
 
Institutional Economics of Direct Access to Climate Change Adaptation Finance 
 Kostus 
IAW- Commission on Climate Change, Poznan University of Economics, NEW YORK, United States of America 
 
This paper contributes to the contemporary debate on the governance of climate finance for adaptation by examining direct 
access to the Adaptation Fund, with a focus on the role of trust and institutions. In recent years, research on the economics of 
adaptation emphasized that the main obstacle to financing and delivering adaptation is based on weak institutions. Drawing 
on the conceptual framework, theories and tools of institutional economics, factors for climate finance readiness are 
identified, such as, political leadership, enabling environments, institutional organization, decision making, and stakeholder 
engagement. The results suggest that direct access builds trust in public institutions in developing countries, though enhanced 
institutional capacity to align with international benchmarks and safeguards, better coordination and involvement of diverse 
stakeholders, and increased ownership, legitimacy, and accountability. Accreditation of National Implementing Entities 
requires cross sectoral cooperation, implies highly political decisions, and diversity of institutional details. 
Based on theoretical groundwork of institutional economics, this paper examines how direct access to Adaptation Fund has 



changed institutions in developing countries, has influenced the relationships between institutions in developed and 
developing countries, and traces the effects of those institutions in climate change adaptation. This paper seeks to provide 
research, analysis, and diagnosis about patterns of accredited National Implementing Entities, successfully implementing 
projects and programmes under the Adaptation Fund. A key inquiry why, when, and how direct access to climate finance for 
adaptation is chosen by governments, influenced by factors such as, reduction of transaction costs, institutional fit, 
institutionalizing monitoring and evaluation, environmental and social policy, and institutional change. Examination of roles 
and responsibilities accepted and fulfilled and policies adopted in institutional relationships between the Adaptation Fund, 
accredited National Implementing Entities, and bilateral and multilateral institutions providing readiness and institutional 
capacity building support; including analysis of the Government of Germany commitment of 40 million EUR for readiness 
support for the Green Climate Fund-administered by the Federal Ministry of Environment (BMUB) and the Federal Ministry for 
Economic Cooperation and Development (BMZ), implemented though UNEP, UNDP, WRI, GIZ, and KfW-which has a 
component to support direct access and strengthen possible institutions for accreditation as National Implementing Entities 
for the Adaptation Fund. 
International adaptation policy and governance context, including the status of climate negotiations and climate finance 
sources and architecture, will be considered from the perspective of institutional interdependence and European leadership.  
 
 
Institutional economics of flood damage compensation: a comparative analysis between the Netherlands and the United 
States 
 Bergsma 
University of Amsterdam, AMSTERDAM, Netherlands 
 
Everywhere, policymakers are struggling with increased losses due to floods. These losses challenge current policy frameworks 
in flood governance. It for example challenges the large role of national governments in paying for flood protection and 
providing disaster relief to flood victims. Now that floods become a more structural problem and flood damage rises, questions 
increasingly arise about whether individuals can themselves be held responsible for choosing to live in a floodplain, for taking 
protection measures against floods, and for bearing the consequences of these choices when a flood strikes. In fact, a trend 
towards emphasizing individual responsibility for dealing with floods can already be recognized in national and international 
contexts. 
The existing literature on this topic focuses on the implications of the challenge of rising flood damage for flood protection 
policies. Less attention has been paid to how this challenge affects policies that regulate damage compensation to flood 
victims. In my presentation, I will discuss the results of two national case studies on flood damage compensation, one that 
focuses on the United States and one that focuses on the Netherlands. Both countries exemplify two very different approaches 
to flood governance and to damage compensation accordingly. In the U.S., flood damage is compensated through a federally-
backed insurance scheme while in the Netherlands, flood damage is compensated through a taxpayer-sponsored disaster 
fund. 
My presentation will show how both approaches to damage compensation are historically constituted in their specific national 
context. By zooming in on two recent cases of decision-making on flood damage compensation in both countries - in the U.S. 
my talk will focus on the recent reforms of the National Flood Insurance Program after hurricane Katrina and for the 
Netherlands I will discuss the long judicial trials that resulted from the levee breach near the town of Wilnis in 2003 - I will 
however also argue that due similar changes in political-context over time, the governance of flood damage compensation in 
both the U.S. and the Netherlands now faces similar difficulties with adapting its policy framework to the challenge of rising 
flood damage. These difficulties, as I will argue, have to do with the type of experts involved in contemporary policy 
discussions on flood damage compensation. 
 
 
The institutional economics of rapid and unpredictable climate change 
 Jones, Young, Symons 
Victoria University, MELBOURNE, Australia 
 
Analysis of climate change suggests that unanticipated and rapid shifts in climate can flow through to rapidly alter climate-
related extreme events. These may have no historical analogue, making it difficult to anticipate how such evens should be 
managed. Values that can be harmed by such events range from market-based tangible values through to intangible social and 
environmental values. Such values are difficult to measure, but are nevertheless considered to be an important source of 
wealth, with total values that dwarf the monetary economy. Many of these values cover social and ecosystem services that 
sustain communities, ecosystems and ultimately, the planetary ecosystem. Institutional economics has been at the forefront of 
sustainable development for some time, and as is becoming clear, is a central part of adaptation to climate change. 
Assessments of these intangible values suggests there are three levels where values reside: individual, 
community/organisation and institution. Differences in the way values are expressed at each of these levels requires a 
polycentric economic approach that incorporates both qualitative and quantitative methods. Individual benefits are centred 
on markets and utility, but extend into welfare benefits and the maintenance of intrinsic value. Community benefits centre on 
shared values and interactions, leading to greater connectivity and resilience. Institutional benefits sustain the policies and 
goals of institutions and support both individuals and communities. Each requires a different system of valuation but all play a 
part in adaptation to climate change. Taking the view that the values at each level are largely incommensurate but 
complementary, then resilience requires the development and integration of all three levels. However, in some areas, market-



based individualism will dominate, whereas in others institutional factors will be most important. We discuss some of these 
strengths and weaknesses using urban green infrastructure and domain-crossing climate disasters as examples. 
 
 
Nature-related transactions analysis of finance for coastal adaptation 
 Bisaro, Hinkel 
Global Climate Forum, BERLIN, Germany 
 
Whileit is very likelythat sea-level rise impacts will become more frequent and it is recognised that in densely populated coastal 
areas adaptation will be cost-efficient over longer time horizons, adaptation in coastal areas is under-financed.New sources of 
private finance are essential for adaptation, and yet private sector finance for adaptation in coastal areas has been slow to 
materialise. Whereas it could be expected that contracting arrangements between adaptation beneficiaries and provisioners 
of finance would emerge to share benefit streams arising from adaptation measures, these are rarely observed. Thus, an 
important question regarding adaptation finance is what explains the lack of private adaptation finance to date. In this paper, 
we apply a transaction cost economics (TCE) approach, which strives to explain contracting arrangements between investors 
and investees through 'second-order' costs arising from i) information gathering; ii) negotiation and contracting; iii) monitoring 
and enforcement; iv) conflict resolution. These costs arise from properties of the transactions between the private investor 
and an adaptation project developer in the coastal area. Specifically, we apply properties pointed to by the nature-related 
transactions concept including excludability, rivalry, uncertainty and time-lags between actions and outcomes. We analyse 
whether existing investment vehicles (governance solutions) are 'fit' to properties of the transaction for investment in 
adaptation in coastal areas. We apply our approach to the analysis of the Newcastle Science City development, as an 
investment vehicle for coastal adaptation. Newcastle Science Central is a mixed-use development of 24 acres in central 
Newcastle, which incorporates flood risk reduction measures into its development plans. Private finance is being sought 
through both retail investment through, e.g. making plots available by lease; and through issuance of a project bond. We find 
that our analysis provides a theoretical explanation for the barriers to private adaptation finance observed in coastal areas. We 
also find that different financial instruments are associated to different transaction costs, e.g., debt finance impliesgreater 
financial risk and thus requires greater contracting costs than retail investment. Conversely, bond issuance carries economy of 
scale advantages. Finally, the fit of financial vehicles to the time horizon of adaptation benefits is found to be an important 
consideration in reducing transaction costs. 
 
 
Advancing cost-benefit analysis frameworks for climate policy 
Elges 
Frei University/Transparency International, BERLIN, Germany 
 
(to be submitted) 
 
 
The role of institutions in coping with climate variability and adapting to change: a multi-scale analysis of two Ugandan 
communities 
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Household strategies for coping with climatic variability vary both within and between communities in developing countries. 
The ability of a household to draw upon particular strategies is influenced in part by varied institutional processes. Whilst the 
importance of institutions for adaptation is widely acknowledged, the role they play in facilitating coping and adaptation in 
rural communities remains largely unknown. This paper sheds light on how institutions ranging from the local through to the 
national enable and constrain coping strategies for households. Drawing on evidence from two communities from Uganda, 
formal (officially recognised rules and bodies) and informal (socially recognised rules) institutions are identified and explored as 
considered through the specific coping strategies of agricultural practices; economic activities; selling assets; savings; social 
support; labour exchange and sourcing food outside the village. 
The P-AIL (Adaptation, Institutions and Livelihoods through a Polycentric lens) framework is developed and used to 
demonstrate how local institutions are crucial in shaping household coping strategies. Formal institutions play a dominant role 
in livelihood-specific coping strategies whilst informal institutions underpin more general coping strategies. Informal 
institutions for social support determine whether households respect or disregard local formal by-laws and regulations. 
Acknowledging the presence and function of local customary institutions provides access points for externally planned 
adaptation activities. Focusing on developing and strengthening political frameworks to enable planned adaptation activities to 
support autonomous activities will contribute towards empowering rural households and building their capacity to cope. 
Recent studies have adopted the AIL framework to try to focus on local institutions, yet informal customary institutions remain 
relatively under-investigated. Developing and adopting the P-AIL framework highlights the importance of undertaking an 
institutional analysis through a polycentric approach. Despite the expanding literature on institutional perspectives within the 
wider climate change adaptation field, a substantial gap remains where studies have insufficiently considered local level 

institutions that remain outside the formal or �traditional' policy sphere. The modification of the AIL framework present in 
this paper shows the need to give more consideration to the polycentric nature of the institutional environment concerning 



household coping strategies. The development of the P-AIL framework is one contribution towards developing institutional 
analysis approaches that enhance understanding of the complex relationships that shape coping and adaptive capacities. 
 
 
Disturbance characteristics and transaction costs: an institutional economics approach to adaptation strategies in five 
Spanish irrigation systems 
 Villamayor-Tomas 
Humboldt University, BERLIN, Germany 
 
This paper looks at patterns of responses to different climatic and non-climatic events to build some a series of propositions 
about the relationship between disturbance characteristics, transaction costs and collective adaptations. Empirical evidence is 
drawn from a comparative case study of the diversity of disturbances that 5 Spanish irrigation associations have been 
confronted with and responded to in the last decades. According to the data, stresses (i.e., slow moving disturbances) tend to 
be addressed by twice as many responses than intense and/or frequent disturbances, respectively. Also, collective responses 
by farmers can be classified into 6 types of strategies, including internal mitigation, bargaining with external entities, 
delegation on external entities, institutional development, infrastructure development and institutional design. In terms of 
transaction costs, the last three strategies are more demanding than the previous three, and that seems to affect how the 
associations respond to different types of disturbances. Also, the data points to a tendency from the part of the irrigation 
associations under study to invest in sets of low-transaction cost or combinations of high- and/or low-transaction cost 
responses depending on the disturbance at hand. 

6.4 Adaptation frameworks – can one size fit all? 

Adaptation Planning in the Torres Strait and South Australia- A case study comparison of two different cultures and 
communities 
 Hamden 
Rohan Hamden & Associates, CAMPBELLTOWN, Australia 
 
This paper examines the application of adaptation planning practices in two different cultural contexts. It highlights the 
differences and the remarkable levels of similarities between the two cultures and how adaptation planning practices can span 
across different situations. 
 The Torres Strait region of Australia is unique with its strong islander community, rich cultural heritage and significant risks 
arising from sea level rise. While it may be considered at a disadvantage due to its remote location, low economic base and 
greater dependence on welfare, the rich culture and strong community gives it the potential to have strong resilience in the 
face of a changing climate. Climate adaptation planning involved local and commonwealth governments, community elders 
and service providers. An extensive series of community level workshops was delivered across the region. 
 In contrast, the communities of South Australia are relatively wealthy, have access to good services and information, a high 
degree of resources and functional institutions. Adaptation planning was still a significant challenge due to institutional 
resistance, existing power bases and a lack of community support. Planning involved local and state government, environment 
and economic bodies. 
 Climate change adaptation planning is underway in both regions, using a similar methodology. The process involves a number 
of similar elements despite the differences in cultural context, resources and size. 
 The regional adaptation planning methodology was developed in South Australia. The Torres Strait community based planning 
methodology combines elements from the South Australian regional process, CSIRO sustainable livelihoods methodologies and 
elements developed by the Torres Strait Regional Authority (TSRA). It has a focus on delivering meaningful and effective 
adaptation actions as well as fostering a strong culture of reform and change. It is not enough to do the planning, the process 
itself must motivate action and empower communities and leaders to take action to address the risks. 
 This presentation explores the tools and techniques used to actively engage regional leadership and community members in 
the complexities of climate change adaptation. It outlines how the workshop processes were designed to bring the information 
to a level that was easy to engage with, but retained the complexity and nuance needed to develop effective adaptation 
strategies. 
 
 
Climate Change Adaptation and Transformation through an Ecoregion Placemaking Approach 
 Beck 
Synthesis Three, GLOBE, ARIZONA, United States of America 
 
Ecosystems and social systems have patterns that contribute to their adaptation and transformation. The identification of 
Social-Ecological (S-E) patterns can be applied towards adaptive and transformative development for social- ecological based 
placemaking. Climate change adaptation through ecoregion framed placemaking provides opportunities for climate retrofitting 
and transformation at multiple scales. The scale of the ecoregion adaptation approach adds to various climate adaptation 
frameworks by applying interchangeable concepts within ecoregion models to multiple regions, cities, countries and 
continents with similar climatic and ecological components. For example the desert-arid ecoregion climates have similar 
conditions and patterns that can be applied on several continents. The model discussed is a knowledge management method 



for adaptive social-ecological placemaking within an ecoregion. 
The S-E Ecoregion placemaking is an integrated system of systems (SoS) approach of blending S-E patterns for project 
development. The model is an integration of S-E networks of interdependencies, distribution, cooperation, development, 
concepts, planning and management for adaptive and transformative placemaking opportunities under guiding principles. 
Included within the SoS are: ecologies, circular economies, additive manufacturing clusters, transport, food production, and 
energy and water infrastructure into planning overlay districts within climate zones along an urban-rural transportation 
corridor. 
An ecoregion pattern language evolved from mixing Ecodesign and Social Ecology. The language purpose is to establish a 
common ground of understanding by identifying patterns to be applied toward planning and design of sustainable 
developments.For example patterns are derived from such questions as: What are the similarities between social and 
ecological systems? What are the basics such as matter, energy, space, time and information, connectivity, exchanges and 
flows that exist within the blended social and the ecological systems? How are components and systems interconnected 
through these similarities? When and how are these basics influenced by each system when they interface and are blended for 
a sustainable system? 
The Ecoregion model is formatted here as: The Adaptive-Transformative Ecoregion Development Patterns along a 
Transportation Corridor.The corridor incorporates Social- Ecological principles within Ecodesign urban form and adaptive 
design strategies located within the ecoregion megalopolis to rural transect. 
The open source model provides application of interchangeable knowledge for similar ecoregion site types, infrastructures, 
architectural elements, best practices, etc. An economy of knowledge develops from using 'off the shelf' concepts, ideas, 
products and services from projects that are transferable to other projects within similar ecoregions. This method will reduce 
reinventing the wheel and thus serves as a mechanism for an economy of applicable knowledge. 
 
 
Designing adaptation support: addressing common and differentiated needs 
 Webb 
Australian National University, CANBERRA, Australia 
 
The presentation draws on the 2013/14 findings of a series of nationally-funded projects that have identified the practical 
adaptation support needs of climate adaptation decision-makers in Australia, (including an extensive analysis and comparison 
of international products and leading adaptation practices); and identified approaches to address those needs at national, 
sectoral and regional/local/organisational levels. The projects consulted a wide range of stakeholders and users, reviewed 
current international and Australian products and services, and synthesised leading practice from Australian and international 
experience. 
Some of the key issues addressed were: 
What are the needs of users including at national, sectoral, regional and organisational levels? 
For example, four distinctive categories of end-user need were identified: entry-level planning; more complex decision-making; 
undertaking transformational as well as incremental change; and approaches to internal and external assurance of good 
adaptation practice and governance. Each of these categories requires different levels of support products and tools. The many 

products can also be usefully categorised into those that are �process' vs �data' vs �knowledge' oriented. 
To what extent are needs common or differentiated across different types of users? 
For example the consultations and analysis confirmed that some core requirements appear to be common across nations, 
sectors, regions and individual organisations, whilst other requirements are often highly differentiated. 
What alternative frameworks have been used, and found to be most useful in practice? 
For example it was found that, although the language and representation of the numerous individual frameworks in use 
appear at first glance to be quite different from product to product, the underlying assumptions and frameworks are in fact 
usually quite common. 
The implication is that common needs could in principle be met nationally (or even internationally), whilst distributed demand-
driven approaches best meet the legitimate differentiated needs that build on and extend those common needs, for example 
by sector or region. A positive feature has been significant growth in activity in the private and community sectors to 
complement that in the public sector. However current support is often fragmented, leading to problems of end-user 
confusion, unsustainable duplication of effort, and limited product support and improvement. 
A key finding was that to be effective products need to be complemented by enabling strategies such as 
national/sectoral/regional communities-of-practice and brokering services; and increased collaboration and sharing across 
public/private/community sectors. 
There is a real opportunity to develop greater cohesion between the current wave of products, providing improved guidance 
and more confidence. 
 
 
Practical application of the UKCIP Adaptation Wizard support framework to 29 Portuguese municipalities: transferability, 
contexts, barriers and levers 
 Capela Lourenço
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The UKCIP Adaptation Wizard is probably the most well-known climate adaptation toolkit in Europe having served already as 



an inspirational basis for other tools such as the prominent EU Climate-ADAPT Adaptation Support Tool. The Wizard was 
developed as a widely applicable toolkit relevant to a range of organisations, based upon the more theoretical 'risk, 
uncertainty and decision-making framework' and was tested extensively in the UK. The Wizard is a 5-step process to help 
assess an organisation's vulnerability to current climate and future climate change, assess and appraise adaptation options and 
set up monitoring and review processes. Within the scope of the ClimAdaPT.Local project the Wizard is currently being 
adapted, translated and deployed as a key methodological basis for the development of Climate Change Adaptation Strategies 

in 29 Portuguese municipalities. The Portuguese version is called ADAM (Apoio � Decis�o em Adapta��o Municipal) and 
its application to such a wide number of municipalities represents, by far, the largest known project in terms of mainstreaming 
adaptation into local decisions-making and planning strategies in Europe. The ClimAdaPT.Local project started in October 2014 
and will run until April 2016 with the official adoption of the Climate Change Municipal Adaptation Strategies. This paper 
presents the initial work related to the application of the ADAM/Wizard toolkit in Portugal focusing on the emerging lessons in 
terms of: a) transferability of adaptation concepts and tools; b) the importance of context; and c) the levers and barriers to 
using such tools. A reflection on the UK/Portuguese experience can provide valuable insights for further broadening to other 
countries as well as a set of lessons learnt on the practical application of adaptation concepts, methodological frameworks and 
toolkits. 
 
 
Evaluating Climate Change Heuristics of Multi-Actor Urban Leadership in New York City  
 Keenan 
Center for Urban Real Estate / Columbia University, NEW YORK, United States of America 
 
This article positions an objective set of core heuristics for coping, mitigation, resilience and adaptation based on a literature 
review and then evaluates the extent to which key decision makers in New York City from the public, private and civic sectors 
recognize, apply and give preference to the meanings and nomenclature associated with these heuristics. Stemming from 
observations of the deliberations of two leading climate changing initiatives and based on a survey method, respondents are 
subject to inquires which test three hypotheses. First, respondents will not consistently match correct meanings and concepts. 
Second, respondents will have no consistent preference for objectively resilient outcomes or processes but will consistently 
match the concept of resilience to their preferences. Third, respondents will consistently and incorrectly match adaptation 
outcomes or processes with the concept of resilience. This article concludes with a discussion on the negative implications for 
continued misapplication of the aforementioned concepts and meanings. It is anticipated that the results of this article will 
advance an argument for developing a set of accurate and consistently applied heuristics which bridge the scientific and policy 
domains. This research is in collaboration with the Regional Planning Association (NY-NJ-CT-PA) and the Municpal Arts Society 
(NYC). 
 
 
The Natural Resource Management Checklist: A National Framework for Adaptation 
 Boulter
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The Australian 'Natural Resource Management Checklist' is an adaptation framework developed at a national level to support 
regional adaptation. Although NRM groups have been involved in developing adaptive NRM plans (including strategic, 
investment and detailed management plans) for their regions for long periods of time, most of the NRM plans in Australia have 
not fully taken climate change into account and have not fully considered actions aimed at adapting to climate change. 
Despite this, many existing actions remain relevant while others may need tweaking or may need to be discarded or 
reprioritised. In developing a national framework it was important that it support NRM planners to take stock of their plans, 
evaluate the degree of climate readiness, and assess the forms of action that are required to develop a climate ready plan 
rather than develop something new. The approach has been designed to be consistent with planning approaches already used 
by NRM groups, from adaptive management to resilience and risk management frameworks. The approach is developed to be 
fit for purpose and not to prescribe how to deal with issues, but rather to highlight what the main issues are and support 
gradual improvement by learning from doing. In this enabling approach we include discussion on a number of key challenges 
that are faced and provide a checklist for NRM planning frameworks. Our approach is intended to support self-evaluation by 
NRM groups of their current ability to meet these four challenges. It is built around five common stages or components: (i) 
assessment, (ii) strategic planning, (iii) implementation planning and action, (iv) monitoring, and (v) reflection. 
 
 
The problem solution process framework for adaptation practitioners 
 Young 
Victoria University, MELBOURNE, Australia 
 
Adaptation has two distinctly different phases: a problem phase and a solution phase. These two phases overlap and inform 
each other but have different needs in relation to knowledge, communication, framing and tool use. Although much has been 
written about the problems and solutions of adaptation there is little literature in adaptation that shows how process should 
be applied to them or what pathways could be used to navigate through them. 
To date the predominant frameworks that have been used by adaptation practitioners undertaking adaptation have been risk 



based frameworks. These are useful but do not fully address the needs of practitioners, particularly during implementation 
where actions are dynamic and solutions often have uncertain outcomes. Niether do they fully address the complexities of 
introducing new knowledge and change into organisational and community structures. The problem solution framework is an 
iterative process that has been developed through actively working with and observing adaptation practitioners over the last 
five years. It maps key stages of the process through the problem solution lens. It was developed to help practitioners 
ascertain where they are in the process and what tools and approaches can be applied as a result. It incorporates aspects of 
risk, innovation, communication, change mangement and knowledge development and integration. It has been adapted for 
use as an economic framework in the NCCARF project Valuing Adaptation Under Rapid Change and is currently used as a tool 
to assist practitioners working in adaptation within Australia. 
This presentation will share the process of developement, why it was developed and how it was developed and discuss its 
current uptake. 

 

6.5 Multi-level government and climate change adaptation: reconciling bottom-up and 
top-down perspectives? 

Understanding complex networks, trade-offs and synergies within the science-policy domain for climate mitigation and 
adaptation 
 Berman, Prof Rounsevell 
University of Edinburgh, EDINBURGH, United Kingdom 
 
The agriculture, forestry and other land use sector (AFOLU) is a major contributor to greenhouse gas (GHG) emissions. 
Mitigation within this sector, as well as the interplay between mitigation and adaptation, are crucial therefore in efforts to 

address climate change. The highly complex institutional structures of global climate policy and the �wickedness' of the 
climate change problem lead to trade-offs and synergies, or overlaps and gaps, across land-based mitigation and adaptation 
policy. Hence there is a need to investigate and examine the mechanisms surrounding the policy environment. Many scientific 
studies on mitigation and adaptation claim important policy implications from their findings. Whilst a time-lag between the 
scientific understanding on both direct and indirect trade-offs and synergies within climate adaptation and (land-based) 
mitigation and policy may be expected, other gaps within the policy arena are likely to exist. 
We map these complex policy and scientific arenas through a content analysis of the global scientific knowledge of climate 
change (from peer-reviewed literature) and of global policy approaches (using International Environmental Agreements). 
Overlaps and synergies between relevant topics and sectors that exist across different policy and science themes are identified 
and analysed through a network analysis approach. This approach enables not only the identification of key topics within the 
scientific and policy documents, but also the degree of overlap between these topics. 
This presentation summarises the findings of a series of research questions which have sought to unpack the complex 
networks between science and policy, but also within global climate policy itself. These include: 
- What are the key trade-offs and synergies within global land-based climate policy? 
- How has the science-policy relationship changed historically? 
- Is there a current miss-match between the global scientific understanding of land-based mitigation and adaptation and global 
climate policy? 
By mapping the current policy network, we show that opportunities for policies have triple-wins, supporting adaptation, 
mitigation and sector specific development. Furthermore, we identify gaps within the political environment to which future 
policy decisions should seek to contribute in order to deliver resource-efficient, land-based mitigation. Comparing the political 
network to the mapped network of current scientific understanding, we identify key trade-offs that policy needs to account 
for, and explore how this has varied over time.  
 
 
Planning for climate impacts that's delivering results - Using multi level governance to deliver far reaching reform 
 Hamden 
Rohan Hamden & Associates, CAMPBELLTOWN, Australia 
 
South Australia has developed a multi-award winning program to help governments and communities prepare for the impacts 
of climate change. It is based on developing genuine partnerships across state and local governments, regional leaders and 
industry sectors to share the problem of climate adaptation, and work together to develop solutions. 
The program has been highly successful and has been adopted across all regions in the State. This presentation looks at the 
strategies and tactics employed by South Australia to engender a strong culture of support and collaboration in the diverse 
levels of leadership and communities. This includes commitments for shared governance, joint funding, collaborating on cross 
sectorial projects, and integrated planning across the community, environment and economic sectors. 
The climate adaptation program began with the establishment of a formal partnership between state and local government. 
They developed the methodologies and networks to bring diverse sectors together and coordinate action. The relationship 
between the levels has been maintained by having clear role statements, joint funding and by actively addressing problems as 
they arise. There was also a formal commitment by state government to have regard for the outcomes of regional planning 



processes, and support local action where possible. This commitment to bottom up action represented a fundamental shift in 
the culture of state government. 
Critical to achieving success with this approach was the strong focus on being an active change agent. The program employed 
specific behavioural strategies and tactics, aimed at generating a sense of value and ownership amongst leaders and 
organisations. 
This presentation will include an exploration of the specific elements of the behaviour change framework employed to deliver 
the reform. It will include the elements of: 
- systems thinking 
- knowledge, values and rules framing 
- communications and marketing 
- resilience framing. 
By developing an approach that manages the combined complexity of multiple layers and sectors, South Australia is delivering 
real adaptation reform and preparing its communities for the impacts of climate change. Its success has been evidenced by all 
twelve regions in the state committing to the process and investing in planning and solutions. The program has already 
received three national awards for its innovation and impact. 
 
 
Alleviating barriers to urban climate change adaptation through international cooperation 
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International cooperation on climate change adaptation is regarded as one of the major avenues toreduce vulnerability in 
developing countries. Nevertheless, it remains unclear which design properties ofinternational arrangements match with 
specific problems in local adaptation processes. This paperanalyses conditions and institutional design options under which 
international cooperation can facilitateclimate adaptation in urban areas in developing countries. We conduct a qualitative 
meta-analysis ofempirical evidence from 23 cases. Using the archetype approach, we identify re-appearing barriers andchange 
factors in urban squatter settlements and municipal public sectors in developing countries. Wecharacterise five generic modes 
of international cooperation for climate adaptation based on UNFCCCdocuments, process observation, and literature review. 
Combining these analyses, we develop testablepropositions that explain how specific design options of international 
arrangements can alleviatebarriers and make use of change factors for urban adaptation in developing countries. We find, 
first, thatinternational cooperation has the most potential to tackle adaptation barriers in squatter settlements ifits 
institutional mechanisms support improvements of procedures and rights in localised state-societyinteractions. Second, 
national or regional centres of competence may foster endogenous dynamics inmunicipal public sectors. Third, national 
adaptation policies can enable and incentivise municipaladaptation. Fourth, flexible indicators of adaptation benefits are 
instruments to tailor internationaldecision making and monitoring systems to local needs. We conclude that these insights, the 
archetypesapproach, and a multi-level study design can be used to advance research on international cooperation,barriers, 
and success factors for climate change adaptation. 
 
 
 The relationship between institutional frameworks and adaptation practice: a country study from New Zealand  
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Climate change adaptation decision-making is a function of both the institutional framework for those decisions and the ways 
in which that framework helps or hinders actual decision-making practice. We investigated the adequacy of institutional 
framework and practice for climate change adaptation in New Zealand, to understand the degree to which the framework 
allows for, hinders, or enables decision making that takes into account uncertainty and dynamic climate change. A study of 
actual decision-making practice can reveal in what ways practice falls short of what is institutionally enabled and in what ways 
practices may be in the vanguard of adequate decision making. 
The study focused on New Zealand national, regional and local decision makers and their advisors. It examined adequacy using 
12 criteria derived from theories of precaution, risk management, adaptive management and transformational change. These 
criteria are used to assess both the institutional framework and practices with respect to (a) the uncertainty and dynamic 
characteristics of climate change; (b) governance and regulations at multiple levels of governance; and (c) organisations and 
actors. 
In this just-completed study, we found that the framework has many elements that could in principle address uncertainty and 
dynamic climate change. It enables long-term considerations, emphasises precaution and risk-based decision making. 
However, adaptive and transformational objectives are largely absent, coordination across multiple levels of governance is 
constrained, and timeframes are inconsistent across statutes. We found practitioners mainly consider uncertainty using 
simplistic heuristics and continue to rely heavily upon static treatments of risk, which reinforce unrealistic expectations of on-
going protections and make it difficult to introduce transformational measures. Efforts to reflect changing risk have been 
developed, but are at best, transitional measures, because they are reflected in static ways, temporally and spatially. 

Consideration of uncertainty and dynamic change has been leveraged using the �dynamic adaptive policy pathways' 



approach learned from the Netherlands, which is beginning to change practice in some locations. Experimentation also 
features in local government practice, as does the use of boundary organisations as change-agents. Through this country-level 
study, we have identified promising areas in the institutional and practice landscape for supporting adaptation. 
 
 
Understanding decision making capacity (or the lack of it) to address climate change in settings with unreconciled bottom-
up and top-down perspectives 
 Den Uyl, D.J. Russel 
University of Exeter, EXETER, United Kingdom 
 
One of the major challenges in reconciling bottom-up and top-down perspectives may lie in understanding the accountability 
for climate change adaptation decisions - that is: the capacity to explain and justify decisions made, including the lack of 
decisions. This may be in particular relevant in settings where climate change impacts become manifest at local level, where 
the real decision making power lies at national level, and where there is a fragmented institutional setting with various public 
and semi-public actors involved at local level and multiple policy sectors involved at national level. Some have argued that a 
lack of on who is responsible for climate change adaptation, and the absence of a formal decision making responsibility, may 
also contribute to continuous involvement of the various actors. The logic here is that if responsibility would be clearly 
assigned to one (or more) actor (s) other actors would disengage as they concentrate on their own responsibilities. Our study 
(based on climate change challenges at the South Devon Coast around Dawlish in the UK), however, finds that a fragmented 
institutional setting appears to lead to a lack of action to address expected climate change impacts. Moreover, the lack of a 
deliberative structure between local actors and national governmental bodies to consider actions and to base decisions upon, 
seems to hamper climate change action. With each passing the buck of responsibility. These findings apoint towards question 
marks around whether a public sector with an unreconciled local and national perspective is sufficiently geared up for 
addressing climate change challenges, and perhaps whether the public is informed enough about climate change impacts to 
hold their governments accountable for decisions around climate action, or the lack thereof. 
 
 
Building Resilient Regions. Italian Adaptation to climate change, a multi-level governance prospective  
 Pelizzaro 
Climalia, MILANO, Italy 
 
The propose presentation is the result of the existing collaboration between FLA and KC, to identify potentiality and critical 
points on the Italian adaptation multilevel governance. The study considers the FLA working experience on the definition of 
the guidelines towards the Regional Adaptation Strategy (RAS) in Lombardy, North of Italy, and KC involvement in the EU LIFE+ 
BLUEAP project that aim to define a Resilient Local Adaptation Plan (LAP) for Bologna Municipality. In particular, this research 
has the aim to compare the stakeholder's engagement, area of competencies and risk and vulnerability assessment, to 
propose a methodology for a multilevel adaptation governance development. The contents are based on two previous articles 
written by FLA and Kyoto Club. The one developed by the Fondazione Lombardia per l'Ambiente - Guidelines for the 
implementation of the Regional Adaptation Strategy in Lombardy (RAS) andthe other written by Kyoto Club - Adapting to 
climate change: bologna as a resilient city. We find ourselves in front of a negative feedback loop daunting. The logic of risk 
management tells us that countries should invest today for the protection of critical infrastructures and centers of economic 
activity for two main reasons: (1) estimates of future climate-related losses and damage are on the increase and these annual 
measures may (2) create new jobs to boost economic growth in the shortest possible time. The real problem is that investment 
in strategic infrastructure is easier to list than to do, in spite of the benefits you can have both in the short and long term. Thus, 
a new approach, which is based on a meeting of minds in various professions, sectors and geographical areas, and the ability to 
act decisively in the face of considerable uncertainty about what the best plan of action, could tell. Based on this two 
experiences we suggest action to filling knowledge gap, ensuring quantitative impact assessment, guarantee a high level of 
stakeholder involvement and appropriate financing because are all critical key factors to be taken into account to ensure a 
successful multilevel adaptation governance. 
 
 
What happens locally and why - The relationship between central policy and local action in adaptation in Finland 
 Hildén, Mäkinen 
Finnish Environment Institute SYKE, HELSINKI, Finland 
 
National authorities have increasingly adopted national adaptation strategies (NAS) that aim at achieving coherence and 
synergies in adaptation action across sectors and administrative levels. In the NASs the local level is generally recognised, but it 
is not obvious that mainstreaming at the national level will result in coherent action at the local level. 
A recent overview carried out by the European Environment Agency (EEA) on adaptation policy in Europe suggested that 
national authorities may not have full overview of what happens at the local level. The explanation may be that there is still a 
lack of action at the local level, or it may reflect a poor information flow between local and central authorities. In the former 

case the concern is that local action may be delayed and an �adaptation deficit' is building up that could cause serious 
problems as climate change progresses. The latter case may represent missed opportunities to learn from local adaptation 
actions, both horizontally between local actors, and vertically as a feedback to the central adaptation planning. 
In this paper we address the relationship between the national and the local level in adaptation in Finland. Our approach is to 



examine and compare differences between sectors (e.g. water management, built environment, environmental protection and 
agriculture) and identify what local adaptation activities have actually been initiated, by whom and why. In particular, we 
examine to what extent local actions have been initiated or inspired directly or indirectly by the NAS or other policy making at 
the central level.  
We show that sectors characterised by a combination of strong central mode of governance, long term investments and 
documented sensitivity to climatic variability have been the first to progress to local action. These sectors have developed an 
awareness of their own, and the NAS may be a reflection of it rather than its cause. Other sectors show less local action, except 
where local extreme weather events have triggered awareness of adaptation needs. The NAS is not likely to foster dedicated 
local action unless it is able to inspire the development of tools that local actors can use to identify specific adaptation 
pathways. For example, flood or drought maps or storm water risk estimates can greatly enhance deliberation and learning at 
the local level, also between local communities. Ways to enhance horizontal learning at the local level should be a high priority 
for future national adaptation strategies. 
 
 
Implementation and Governance of Adaptation to Climate Change in Portugal 
 Paulino, Santos, Santos, Canaveira, Baptista 
Portuguese Environmental Agency, LISBON, Portugal 
 
The Governance of Adaptation in Portugal is supported on the National Strategy for Adaptation to Climate Change (ENAAC) 
adopted in 2010. ENAAC's approach is focused on inter-sectoral integration and participation of 9 sectoral groups within which 
the involvement of civil society stakeholders is promoted. The progress report of ENAAC (2013) identified barriers to its 
implementation: 
Lack of articulation between sectors; 
Access to climate information at local level; 
Capacity of different actors; 
Difficulties in integration ENAAC's guidance to all levels of governance; 
Difficulties in financing adaptation. 
The response to these issues was addressed in two different ways: 1) the creation of Programme AdaPT and 2) the revision of 
ENAAC. 
1) Seizing the opportunity of financing from EEA Grants, Portugal created a programme co-financed by the Portuguese Carbon 
Fund: Programme AdaPT was conceptualized considering the barriers for adaptation and the top priorities identified by ENAAC 
Members. The Programme is now fully operational and is financing adaptation projects focusing on the following axis: 
a) The local warming website project will provide past climatic information and climate scenarios at local scale to the general 
public and to support decision making at all levels. 
b) Municipality training and capacity building - aims at bringing municipal experts and decision makers aware of climate change 
and of tools for adaptation, thus facilitating the integration of Adaptation within the Municipalities activities. 
c) Education and awareness in schools - intended to guarantee an increased awareness on climate change (mitigation and 
adaptation) to both teachers and students, contributing to the enrichment of school curricula in this regard 
d) Demonstration sectoral projects - intended to provide an opportunity for pilot projects on concrete adaptation actions in 
different ENAAC sectors 
Through this knowledge improvement and capacity building it's expected that Programme AdaPT becomes an important 
catalyst for implementation of adaptation within the Common Strategic Framework 2014 - 2020 and other European 
Programmes. 
2) The main changes introduced into ENAAC (ENAAC 2020) are a reorganisation of the sectors considered and, as a priority: a 
better integration of adaptation into spatial planning and water management; defining common working lines involving 
different sectors and decision levels (national, regional, local); focus on vertical integration and mainstreaming in sectoral 
policies. With this approach we aim to stimulate a stronger focus on implementation and information sharing, and provide 
positive practical examples that can be more broadly generalised. 
 
 
From Gradual Participation to Responsible Governance - a Policy Design for Adaptation Policies 
 Lucas, Schinkel 
Wuppertal Institute for Climate, Environment and Energy, WUPPERTAL, Germany 
 
The aim of this presentation is to help establish a more coherent approach to adaptation strategies by co-ordinating state 
policy at regional level and stakeholder activities. The approach is based on two project experiences on developing regional 
policies on adaptation, the one creating a conceptual frame for knowledge management in infrastructure planning in the Ruhr 
area[1], the other one analysing the governance approach within the Climate Protection Plan of the German federal state of 
North Rhine-Westfalia which also includes adaptation measures[2]. Both regional projects provide important insights, how to 
build participatory 'structures of responsibility', which could be of interest for other regional, national and European strategies 
as well. 
In essence, four important research questions will be addressed: 
- How can mainstreaming and the integration of different policy fields create a binding framework for governmental policies in 

the field of climate adaptation? (cf. Lucas/Sch�le 2011)[3] 
- How can stakeholder activities be integrated in this framework and will this lead to new divisions of responsibilities among 



public and private actors (cf. Mees et al. 2012)[4] 
- How can building networks and knowledge management excite stakeholders to cooperatively develop bottom-up strategies 
and measures and to mutually support in their implementation? (cf. Lucas in: Beese et al. 2014) 
- How to get to Multi-level Governance, integrating bottom-up and top-down perspectives? 
As a result of the investigations, we created a new policy design[5] to manage climate change adaptation processes which we 
will present and explain during the conference. 
This design follows the responsibilities and structure of the state's ministerial departments and enables to shift further 
responsibilities for developing strategies and measures to these departments. Using sector-specifical roadmaps and planning 
shall induce self-commitment and lead to put purposes in concrete terms which can as well form the basis of monitoring 
activities. 
The second element of this approach is participatory network-building. There are network nodes on the interfaces between 
the policies of different departments and the social context of stakeholders. The results of the research project 'dynaklim' can 
be used while forming these networks. (cf. Lucas et al. 2013; Lucas 2014[6]) 
Besides bringing social and technical innovations together, actively networking on five thematic platforms has induced 
institutional reforms, integrated stakeholders as participants in diffusion processes of climate change adaptation, and initiated 
new learning processes between infrastructure planning and urban development. 
[1] www.dynaklim.de 
[2] www.klimaschutz.nrw.de 
[3] References listed on: http://wupperinst.org/publikationen/details/wi/a/s/ad/2787/ 
[4] http://dspace.library.uu.nl/handle/1874/255099 
[5] http://wupperinst.org/fa/redaktion/downloads/static/Methods_Climate_Change_Adaptation.pdf 
[6] http://wupperinst.org/uploads/tx_wupperinst/AF_AG1-2_Lucas.pdf 
 
 
Dealing with problems of fit by rescaling: Multilevel governance of climate change adaptation in Switzerland 
 Pütz 
Swiss Federal Institute for Forest, Snow and Landscape Research WSL, BIRMENSDORF, Switzerland 
 
The paper uses the emerging politics of climate change adaptation in Switzerland as an example to study bottom-up and top-
down tensions within a multi-level governance framework. Climate change adaptation is used as a case study to investigate 
how problems of fit are dealt with and to analyse rescaling as a response to problems of fit and as a strategy to reconcile 
bottom-up and top-down tensions. Generally, problems of fit constitute a common feature of environmental governance and 
refer to the mismatch between the geographical extent of an environmental issue and the territorial scope of institutions 
affecting its governance. In order to tackle this mismatch the idea is to create institutional arrangements which are tailored to 
fit to the geography of the environmental issue. A key challenge of climate change adaptation governance is that policies are 
developed at the international or national level but climate change impacts are effective at the local level. Furthermore, 
climate change impacts, vulnerabilities or adaptive capacities can vary tremendously between regions and municipalities. 
These challenges are usually referred to as problems of fit and can be observed in any country or in any other policy field. 
The paper illustrates the functional, temporal, and spatial mismatches between climate change impacts and the territorial 
scope of institutions affecting the governance of climate change in Switzerland. To tackle this mismatch, institutional 
arrangements tailored to fit the geography of the environmental issue are created. Dealing with problems of fit and 
transforming institutional arrangements involves rescaling. Rescaling implies modifications of the type and number of actors 
involved, their perception of environmental issues, transformations of power relations, and contextual changes. The paper 
wants to apply scalar thinking and the concept of rescaling to the issue of climate adaptation. Drawing from Andonova and 
Mitchell (2010), the paper conceptualises rescaling as a multidimensional phenomenon and proposes four analytical categories 
of rescaling: (i) rescaling transnational coordination, (ii) rescaling intergovernmental coordination, (iii) rescaling across issue 
areas, and (iv) rescaling science-policy interaction. The paper shows that spatial, temporal, and institutional problems of fit are 
inherent to multi-level environmental governance and also characterize climate change adaptation in Switzerland. Further, the 
proposed analytical categories of rescaling are used to illustrate climate change adaptation policy-making in Switzerland. The 
paper concludes with the benefits and shortcomings of climate change adaptation policy-making and a call for further 
empirical research to clarify what represents good practices of rescaling. 
 
 
Polycentric Governance and Irrigation Reform in Kenya 
 Washington-Ottombre 
Smith College, NORTHAMPTON, United States of America 
 
In Kenya, as in many developing countries, centralized control over water resources was implemented to improve agricultural 
productivity. By the 1980s, however, Kenya's post-independence policies of bureaucratic control were in disarray and conflicts 
over water use were common. More recently, Kenya has embarked on a series of reforms that create a polycentric approach 
to water governance, in which decision making about water resources is shared among multiple, overlapping local, regional 
and national authorities. Drawing on archival and field research, we examine these reforms in their historic context and argue 
that whereas centralized control was poorly adapted to the Kenyan context, polycentric governance is well suited to the 
variable ecological conditions that Kenya will experience in a context of climate change. 
Our work illustrates new paths towards adaptation to climate change in developing countries. While past research has argued 



for the implementation of a polycentric order in order to adapt to the challenges of climate change, past work mostly focused 
on the bottom-up formation of a polycentric order. Our work shows that polycentricity can be the result of both 
experimentations by civil society and intentional legislative reforms emanating from a central government. Indeed, even 
though the collaborative initiative of farmers proved to the government that bottom-up governance models could be 
successful, such a polycentric order could not have been implemented without the strong political will, legal reforms, and 
administrative support of the central government. In that perspective, polycentricity can offer developing countries some 
alternative to the shortcomings inherent in either centralized or decentralized control. Particularly in countries characterized 
by a highly centralized administration - such as Kenya - polycentricity may be a way to concentrate government agencies' 
technical expertise while allowing for a less expensive and more adaptive approach to governance. 
 
 
The 'operationalization' of adaptation : networks and territorial planning as crucibles 
 Dhénain 
IRSTEA, MONTPELLIER, France 
 
Since the 2000s, adaptation appears slowly and discreetly on French territories and among public policies. It is often described 
as 'poor relation of climate policies'. Since 2007, French local authorities legally have to elaborate adaptation measures. All 
authorities larger than 50,000 inhabitants are legally bound to develop local climate change adaptation strategies and action 
plans. Yet, this top-down injunction leads to many challenges for local authorities. Indeed, methodologically it is challenging for 
local authorities to 'operationalize' adaptation. Many guide books, methodologies to assess vulnerabilities and to 
communicate around climate change issues are being developed. Reliable climate data and information at local scale are more 
and more available thanks to portals like DRIASS, even if the data and their interpretation are still arduous to use. Beyond 
those pitfalls, different types of adaptation measures are designed. The crux comes along with prioritization of issues, 
elaboration of the strategy and the planning of measures. Coastal areas are a good laboratory to observe the conception of 
adaptation strategies because they concentrate many issues. One of the main challenge is that at local level, climate is highly 
intricate with many other issues at stake (demography, urban sprawl and urban planning, economy, ecology, etc). 
Our proposition is based on a case study of a large and coastal territory in the region of Languedoc Roussillon in the south of 
France, we analyze with robustness framework (Anderies, 2006) combined with some works in political science about 

coalitions and networks (Le Gal�s, 1995). We will propose to discuss two trends observed : on the methodological aspect, 
'expertise' networks at multiple scale (European, national, local level) including consulting firms, NGOs like RAC-F, national 
public organizations like ADEME, etc. tend to draw a professional field that held norms of actions, methodological frameworks 

and tools, which question ways of conceiving public policies. Secondly, territorial coherence planning ('Sch�mas de 

coh�rence territoriaux' in French) are a melting-pot, a crucible to manage the design of action of adaptation and their 
governance. Those two trends may constitute two types of possible paths for reconciling top-down and bottom-up adaptation 
needs. 
 
 
Carbon management - solution for behavioural change to sustainability? 
 Brnkalakova, Kluvankova 
CETIP and CE SPECTRA at STU, Institute of Forest Ecology SAS, BRATISLAVA, Slovak Republic 
 
Climate regulation represents an important ecosystem service and has a potential to contribute to the CO2 mitigation 
objectives. Carbon sequestration is a natural process that significantly contributes to climate regulation by a capture and a 
long-term storage of atmospheric CO2. Terrestrial ecosystems such as boreal forest and grasslands in European mountains are 
significant world carbon stocks therefore place mountain regions to prominent position in climate change adaptation policies. 
Ecosystems as public or common goods are facing traditional social dilemma of individual and collective interests. Distant users 
operate across governance scales and with diverse interpersonal and social interest, often ignoring sustainability and carrying 
capacity of local ecosystems. The actors enjoying and using ecosystem services rely on different information sources than 
those producing ecosystem services. The overall aim is to propose measures for enhancing the adaptation capacity of 
mountain landscapes in Europe to enhance resilience and sustainability. 
Paper illustrates the potential of global climate regulation ecosystem service as a solution to scale down CO2 objectives to local 
policy arena. Moreover we demonstrate the role of carbon management and common pool resource regime in European 
mountain regions to maintain valuable ecological values and promote economic performance and social stability of local 
community. 
 
Adaption to Climate Change in Sursee-Mittelland: A Regional Strategy A Project contributing to the Swiss 'Pilot Program 
Adaption to Climate Change'  
 Kohler 
Regionaler Entwicklungsträger Sursee-Mittelland, SURSEE, Switzerland 
 
 
Getting prepared to manage the consequences of climate change is gaining in importance. However, practical activities and 
experiences are widely lacking. The Swiss 'Pilot Program Adaption to Climate Control' was set up as a national funding initiative 
to support cantons (states), regions and municipalities in tackling related challenges. The program is led by the Federal Office 
for the Environment, which also coordinates the Swiss National Adaption Strategy. The program aims at putting the National 



Adaption Strategy into practice, triggering and implementing innovative cross-sector pilot projects and raising awareness for 
climate change issues. A call for projects was open from spring to summer 2013, addressing the core target groups. More than 
100 project ideas were submitted. The Federal Office finally selected 31 of them, spreading over five thematic clusters, with 
pilot areas covering the whole country. Projects are financed on a fifty-fifty basis: 50% federal funds, 50% project partner 
funds. The majority of projects started in 2014. More details (in German): www.bafu.admin.ch/klimaanpassung 
The goal of the project we are working at is an ambitious one. We will draft, negotiate and implement a climate adaption 
strategy, binding the regional political, cultural and industrial key players. The ways and means to accomplish this are about to 
be developed in an interactive, sometimes cooperative, sometimes conflicting way. The region we are talking about lies in the 
middle of Switzerland. It is a hilly, lovely landscape near Lucerne with altitudes ranging from 500 to 800 metres above sea level. 
The geographical centre is Lake Sempach. Agriculture is a key industry. Due to a favourable location in the railway as well as in 
the highway system, the region has seen an above average growth in economic and population terms and will continue to 
grow. The regional authority leading the project is based on a public body containing 17 communalities on 212 square 
kilometres with a population of 60'000. More details (in German): www.sursee-mittelland.ch 
The year 2014 was committed to screening and analysing all pertaining climate and socio-economic data, forecasts and 
projections in order to write down the fundamental project outlines. The paper which serves as an introductory information 
for project partners discusses the following topics: Regional climate and socio-economic forecasts and projections based on 
agreed scientific studies; regional risks and chances; aims and goals; opportunities and action plans; a draft time table and 
prospective actors. Key questions we are dealing with: 
 - How do we integrate the not so willing key players? 
- When and how do we integrate political parties? 
- How shall we design the negotiation process leading to the final document? 
- How shall we try to bind key players beyond the reach of public authorities (industry for instance)? 

 

6.6 Supporting Adaptation by cross-sectoral climate risk and vulnerability assessments 

Assessing the risks and opportunities of climate change in Europe - 
 Schwarze 
Helmholtz Center of Environmental Research - UFZ, LEIPZIG, Germany 
 
Bottom-up national assessments of climate change risks in Europe can be classified according to how impacts are considered 
and what valuation metrics is used. This overview of methods in Europe reveal: Despite different decision making contexts 
(local-regional-national, climate risk adaptation and disaster risk reduction) all methodologies acknowledge the inevitability of 
'unquantifiable impacts'. Methods to translate qualitative impacts into multi-criteria risk assessments are still under 
development. Risk assessments at the local or sectoral level are often selective out of limited resources or time constraints. 
Uncertainty is pervasive in all generic climate risk assessments, but confidence rankings are not universally applied. Often 

uncertainty is considered in qualitative terms such as worst case-narratives or �wild cards'. Risk score cards and CBA coexists 
in almost all countries but are differently established in adaptation planning processes. Climate risk assessments (CRAs) are 
often formally embedded into planning procedures and more frequently conducted, while CBA is more informal and less 
regularly conducted in adaptation planning. Examples from Switzerland demonstrate how CRAs and CBA can be pragmatically 

combined in an �order of magnitude' approach by standardised monetisation factors. In contrast, V-assessments are still very 
much in their infancy and scarcely applied in practice. 
 
 
The fourth generation of European-wide climate change impact assessments - lessons and outlook 
 Füssel, AJO Jol 
European Environment Agency, COPENHAGEN, Denmark 
 
The European Environment Agency (EEA) is a boundary organization that bridges between data providers, including the 
scientific community, and policy makers. Its mandate is to provide timely, relevant and quality-controlled information on the 
environment to European policy makers (in particular the European Commission and the European Parliament), to national 
and sub-national policy-makers in its 32 member countries and 7 cooperating countries, and to the broader public. In 2012 the 
EEA published its third indicator-based report on climate change, impacts and vulnerability, following earlier reports in 2004 
and 2008. The next report is scheduled for publication in 2016, and its preparation has already started. 
The 2012 EEA report presents more than 40 quantitative indicators on observed and projected climate change and its impacts, 
most of them with European-wide coverage. The systems and sectors covered include coastal zones, terrestrial and marine 
ecosystems, agriculture, forests and forestry, fisheries and aquaculture, human health, energy, transport, and tourism. 
However, some important impact domains are not covered because information is not readily available at the European level, 
impacts are hard to quantify or to measure, and/or because the influence of climate change is hard to disentangle from socio-
economic, technical, cultural and political developments. Under-reported impact domains include industry and manufacturing, 
insurance, infrastructure (except transport infrastructure), livestock production, cultural heritage (with some exceptions), 
migration, and general human wellbeing. Furthermore, the report presents cross-sectoral information with a focus on 
territorial impacts, on the vulnerability of cities and urban areas, and on climate change costs. The cross-sectoral assessments 



rely on information that is not fully consistent with the sector-based indicators, because these indicators are often not 
amenable to aggregation due to differences in climate change scenarios, non-climatic scenarios, impact metrics, and/or 
incompatible modelling and assessment approaches. 
This paper summarizes the availability of consistent information on observed and projected climate change and its impacts 
across climate-sensitive sectors and systems in Europe and identifies major knowledge gaps. It also presents the planning of 
the 2016 EEA report, including efforts for refocussing the indicator set in order to increase its policy relevance, improving 
coverage of information related to extreme weather and climate events, expanding consideration of cross-sectoral effects, and 
strengthening links between information on climate change impacts and adaptation-related issues. We also report on past and 
planned efforts at improving the assessment and reporting of uncertainties in observed and projected climate change and its 
impacts. 
 
 
Modelling European Agriculture with Climate Change for Food Security (FACCE MACSUR)  
 Köchy
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The knowledge hub �FACCE MACSUR� is a network of currently 270 scientists from 18 European and associated countries 
for improving the European capacity of modelling the effects of climate change and socio-economic changes on agriculture. 
This concerns crop and grassland production, meat production, farm management related to adaptation and mitigation 
measures, and development of price relations on national to global markets. The emphasis is on the linking of models and data 
across scientific disciplines. Collaborative efforts in the network include interactions with decisionmakers, farmers, and other 
stakeholders, agreement on common modelling scenarios for joint evaluation, comparison of model performance, 
development of new research projects, organization of training courses and workshops, and advancement of modelling 
methodologies. The wide range of activities is presented at this conference from the modelling perspective and the application 
perspective in regional integrated case studies from Finland, Austria, and Italy. Further information on the project is available 
from http://macsur.eu with reports on http://ojs.macsur.eu and conference proceedings on http://ocs.macsur.eu. 
 
 
Economic Evaluation of Climate Impacts - Blueprint and Application for Austria 
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Scientists attempting to evaluate the impacts of climate change are often caught between hard theory and exceedingly rocky 
empirics. Impact assessment models are necessarily based on highly aggregated - and sometimes highly simplified - damage 
functions. This study took an alternative approach: a bottom-up, physical impact assessment and respective monetization, 
attempting to cover a much broader set of impact fields, feeding directly into a macroeconomic and welfare analysis at the 
national level. To ensure consistency, our approach applied impact assessment at the sectoral impact chain level using shared 
socioeconomic pathways, consistent climate scenarios, computable general equilibrium evaluation, and non-market impact 
evaluation. The approach is applied to assess a broad although still very limited scope of climate impacts in Austria. Results 
indicate significant impacts around 'known knowns' (such as changes in agricultural yield from climatic shifts), with uncertainty 
increased by 'known unknowns' (e.g. changes in water availability for irrigation, changes in pest and diseases) but also raises 
the question of unknowns and unknowables, which may possibly dominate future impacts (such as exceedance of critical 
ecosystem function for supporting agriculture). This implies a crucial look at extreme events as core triggers for economic 
damages and one of the benefits of bottom-up scenario-based assessments is at least the capability to compare economic 
certainties to yet not assessable dimensions of economic impacts. Thus, Climate change, ultimately, is a risk management 
problem, where insurance thinking warrants significant mitigation and adaptation action today. 
Core questions to be tackles with respect to the demands of the session: Which scenario information is needed for the 
different modeling approaches? What are the most appropriate economic models to assess macroeconomic effects of climate 
change? What sort of basic damage data is needed for economic assessments? Which are potential data sources? How to 
assess the current adaptation deficit as sort of base for climate change/socio-economic change add-on costs? Which sort of 
results is appropriate for policy uptake/decision support in investments on mitigation and adaptation? Does it make sense to 
compare sector results and to come up with grand totals (at the state-of-art we have right now? How to overcome the divide 
between the assessment of gradual climate change and extreme event impacts? 
Many questions and yet solutions are premature for their majority. Nevertheless, policy demand is high at the given stage of 
deciding on adaptation/mitigation investments in many countries as well as at EU level. 
 
 
Determinants of Climate Related Damages 
 Dasgupta, Bosello 
Fondazione Eni Enrico Mattei, VENEZIA, Italy 
 
The total estimated damage from climate related disasters between 2011 and 2013 was US$ 641 billion while the average 
number of deaths and affected between 2003 - 2012 were 106,000 and 216 million, respectively. This paper examines the 



determinants of climate related disasters and attempts to model adaptive capacity in terms of income and population density 
elasticities. Along with evidence of adaptation taking place, we find that developed countries have greater adaptive capacity 
helping to reduce exposure to damages compared to lower income countries. Furthermore, we provide evidence that 
increasing GDP per capita Granger causes higher climate related damages in lower income countries but not in higher income 
countries. 
 
 
Climate Change Vulnerability and Adaptation Assessment for Biodiversity: Testing an Integrative Methodology on 
Portuguese Herpetofauna. 
 Cruz, D. Avelar, R Rebelo, M. Pulquério 
FFCUL, LISBON, Portugal 
 
Although the biodiversity sector is considered prioritary in the European Union's ten-year growth strategy (Europe 2020) and 
by all countries developing national adaptation strategies, the integration of biodiversity conservation measures into 
adaptation strategies is still poor. The overwhelming complexity of the natural systems presents fundamental limits to 
modelling species vulnerability to climate change and the resulting uncertainties are still a strong constrain to develop robust 
adaptation strategies. 
It is widely acknowledged that biodiversity vulnerability assessments should consider both impacts and species adaptive 
capacity. However, most studies focus only on impact assessments based on bioclimatic models or 'expert judgment'. Using 
the Portuguese herpetofauna as case study, we developed an integrated vulnerability and adaptation assessment 
methodology which included: i) an impact assessment based on bioclimatic models, ii) an adaptive capacity assessment based 
on species' life history traits and populations' status, iii) an expert consultation workshop for validation of the vulnerability 
results and identification and prioritization of adaptation measures.  
Our results indicate that both bioclimatic models and adaptative capacity indexes present strong limitations for conducting 
vulnerability assessments, due to: i) availability and quality of data, and ii) the fact that models and indexes are inherently 
simplifications of the reality. Conducting an expert workshop for validation of results guaranteed that these limitations were to 
some degree minimized since detailed information on species distribution, genetic variability, ecological traits and sensitivity to 
indirect impacts could be brought in by the experts. 
Our approach has allowed to: i) identify six new vulnerable species (three that had been classified as not vulnerable with the 
vulnerability assessment approaches and three that had not been assessed due to unavailable data), ii) identify species in need 
of a periodic revision of their conservation status, iii) identify indicator species that will be monitored, iv) identify geographic 
regions that will suffer higher biodiversity loss, v) identify knowledge gaps and define methodologies to overcome them, vi) 
identify methodological issues with the vulnerability assessments used, and vii) identify and prioritize measures and actions 
that have already been included in the Portuguese national adaptation strategy. 
Although our understanding of all factors affecting species vulnerability to climate change is still very limited, this lack of 
complete understanding should not be used as an excuse for inactivity. Conducting a validation stage within a vulnerability 
assessment will enable a 'best expert judgement consensus' based on available knowledge, providing a good basis for action in 
spite of uncertainty. 
 
 
Assessing climate impacts for the German Adaptation Strategy in an inter- and trans-disciplinary network 
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Cross-sectoral assessments of climate impacts are important to prevent maladaptation since the impacts of climate change as 
well as the adaptation activities of one sector have also effect on other sectors. Since cross-sectoral vulnerability assessments 
are based on complicated processes, during which many information of different origin have to be collected, selected and 
aggregated, expert knowledge on many areas as well as normative decisions are needed.  
To create a cross-sectoral process based on collaboration of science and society a network of 16 different public national 

authorities, the 'Netzwerk Vulnerabilit�t' was founded, supported by a scientific consortium. In a cooperative manner the 
scientists developed the methodology, collected the available knowledge, prepared the assessment, and worked with the 
scientific officers of the authorities, who supported the scientists by their expert knowledge as well as provided impacts 
models and data. These methodological proposals were discussed, modified and finally agreed by the experts from the federal 
authorities in the network. Scientists provided substantial detailed knowledge, help to structure the process and to ensure its 
objectivity and transparency. By working together a co-design of the assessment could be reached, which facilitates also the 
communication and ensures the applicability of the results in the following political process. 
The derived methodology is based on systemic approach by using cause-effects chains between climate signals and climate 
impacts for identifying the most important chains and for selecting appropriate climate impact models or indicators. The 
representative of the authorities decided which climate change impacts should be investigated in detail in the assessment, 
independent of the availability of data. If no quantitative data was available, expert judgments of the public administration as 
well as of other experts were used to estimate future trends of specific climate impacts. The adaptive capacity was 
differentiated into generic capacity, expressed by generic indicators, as well as sector specific capacity, estimated by expert 



judgments. To compare and aggregate the quantitative and qualitative data, the climate change impacts were normalized and 
semi-quantitative classes were created. In a final step, the level of confidence of the results was assessed by the scientists and 
the scientific officers of the authorities assessed the potential climate change impacts in regard to their importance for 
Germany. This structured approach helped to identify the most important climate impacts and as well as the available 
knowledge and knowledge gaps. This assessment was used as basis for the national adaptation action plan of Germany. 
 
 
T1009 Tomorrow's Railway and Climate Change Adaptation: facilitating a step-change in improving railway performance 
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TRaCCA - Tomorrow's Railway and Climate Change Adaptation - is a project which will enhance and augment knowledge of 
climate change impacts on the GB railway. 
The work is funded by RSSB and Network Rail through the FutureRailway programme, as part of the undertaking, 
commissioning and managing of research and innovation programmes to provide knowledge for decision making now and for 
the future, and promoting step changes to deliver the Rail Technical Strategy. 
Work Package 1 started in January 2013 has delivered a compendium of current research that has been shared with the 
industry via the RSSB SPARK platform. It has also delivered a series of recommendations which have been prioritised by the 
industry. Work Package 2 runs through to December 2015 and builds upon WP1, delivering a step change in our understanding 
of climate change, identifying potential cost-effective and timely actions, and outlining decision making tools that will aid 
climate change adaptation. The project will provide a range of decision making tools and information which will enable the 
railway to become more resilient.  
This paper presents results of Work Package 1. The paper will describe the processes followed during the knowledge review, 
the subsequent gap analysis together with the development of a knowledge dissemination platform which will help foster a 
systems-wide approach by signposting and disseminating knowledge that might currently be held by functional silos across the 
railway industry. Recommendations made based on the results of the knowledge review will be presented. 
 
 
Climate Risk and Vulnerability Assessment in Switzerland: Case Study Canton of Basel 
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Switzerland is conducting a national risk and vulnerability assessment of climate change related opportunities and risks as a 
basis for the implementation of the Swiss climate change adaptation strategy. Various case studies assess related risk and 
opportunities for different geographical and climatic regions. Impacts in the areas of health, agriculture, forests and forestry, 
energy, tourism, infrastructure and buildings, water management, biodiversity, open spaces and green areas are analysed 
depending on their relevance in terms of climate change. The assessment identifies and evaluates the most significant 
opportunities and risks resulting from climate change for yearly impacts of a range of events and gradual changes for today 
(2010) and in the future (2060) for two different climate scenarios, and compares these across sectors. The methodology is 
focused on quantitative assessments using literature and expert estimates complemented by qualitative assessments. Socio-
economic and demographic conditions are also considered. The assessment is based on a rigorous treatment of uncertainties 
and a transparent statement of assumptions. 
The current study (INFRAS/Egli Engineering 2015a) of the city of Basel assessed the major risk on health, infrastructures and 
biodiversity. Opportunities were found in the energy sector. The total estimated costs will increase until 2060. The costs will 
mainly arise from health sector. Health related assessments took also into account the so-called urban heat island effect as 
approximation for the current and future situation using specific climate indices (INFRAS 2015). For example, it was found that 
heat related costs concerning health will increase by 150-450 % until 2060 depending on the scenario considered. The main 
reason is the urban heat island effect which significantly intensified climate related temperature changes in the central parts of 
the city compared to the surrounding areas. 
The study also revealed process related findings. The joint work on the case study in workshops and interviews enhanced the 
dialogue between institutions and the government, intensified the knowledge transfer and let stakeholders realize, why and 
how climate change will affect their daily business and what are future expected hot spots. 
The quantification of the risk and opportunities as well as the estimation of uncertainties and the derivation of applicable 
expert estimates were major challenges of the entire case study process. The appropriate communication of the main findings 
to the public press is another challenge which may not be underestimated in terms of impact and success of climate risk and 
vulnerability assessment studies. 
 
 
Climate-related risk assessment in Switzerland: Experiences and lessons learned 
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Switzerland is conducting a cross sectoral climate change risk assessment. It serves as basis for the implementation of its 
national adaptation strategy and for its further development. For the assessment, the country is divided into six large areas 
(Swiss Plateau, Alps, Foothills of the Alps, Jura, Southern Switzerland and urban areas). For each area, one or two 
representative case study cantons are identified and analysed in detail*. The resulting cantonal risks and opportunities are 
then translated to the national level. Based on a set of predefined criteria (e.g. adaptive capacity, uncertainty, costs), priority 
risks are determined for Switzerland. The risk assessment is complemented with a research project on adaptive capacity** and 
together they will provide an important basis for the prioritization. 
In this presentation, we discuss illustratively two important risk clusters for Switzerland (1) heat waves and (2) water scarcity. 
In addition, the related adaptation goals and implications for measures which are needed to reach these goals are presented. 
The first cluster relates to impacts of heat waves on the population of large agglomerations, and on the effective coordination 
of appropriate measures between the health, energy and spatial planning sectors. The second one focuses on possible conflicts 
arising from different interests related to water conservation and use in times of water scarcity. Further, it discusses ways to 
include different dimensions of risk in the assessment, including environmental, economic and social consequences.  
By identifying current policies and measures in relation with the risk clusters, and performing a consistency check between the 
risk assessment and the national adaptation strategy, we point out concrete benefits but also limitations of the Swiss risk 
assessment for the national adaptation process. Besides the usability of the risk assessment in the policy process, a reflection is 
conducted on the assessment itself and the way forward, including collaboration and communication between different 
actors, research gaps and cross sectoral aspects. 

*see abstract on 'Climate Risk and Vulnerability Assessment in Switzerland: Case Study Canton of Basel', authors: J. F�ssler et 
al. 

**see abstract on 'Are there adaptation barriers? Experiences from Switzerland', authors: J. J�rin et al. 
References: 
Swiss Federal Council (2012). Adaptation to climate change in Switzerland. Goals, challenges and fields of action. 
Swiss Federal Council (2014). Adaptation to climate change in Switzerland. Action plan 2014 - 2019. Available in German only. 
Ernst Basler + Partner (2013). Risiken und Chancen des Klimawandels in der Schweiz. Methodenbericht. Available in German 
only. 
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The 'German strategy for adaptation to climate change' (DAS) aims at reducing the vulnerability of relevant sectors to the 
impacts of climate change. These sectors are for example agriculture, building industry, transport, energy and tourism. 
Therefore, the DAS seeks to sustain or even improve the adaptive capacity of natural, economic and societal systems. In order 
to create a sound basis for this, a vulnerability analysis for Germany within and across sectors has been conducted. 
Based on impact chains, which show the impacts of climate change in each sector, these effects were assessed qualitatively 
and quantitatively as far as possible. One result of the analysis are maps showing climate change, sensitivities and possible 
climate impacts on a local level in Germany. Climate impacts, which could not be determined this way, were assessed by 
interviews with sectoral experts. The experts were requested to estimate the impacts and to pinpoint spatial differences. Thus, 
the assessment provides for a first time a detailed overview of possible climate impacts in Germany, sectoral adaptive 
capacities and vulnerabilities in each of the sectors and across them, based on a uniform method. 
The presentation will show the findings of the vulnerability assessment, highlighting highly vulnerable sectors and the impacts 
climate change may have in near and far future. Important climate signals within sectors and cross-sectoral will be presented 
as well as vulnerable regions. Furthermore, interdependencies between the sectors will be illustrated to identify possible 
cascade effects. 
 
 
Metrics and concept for climate resilient development 
 Miola 
EU Commission JRC, ISPRA, Italy 
 
This paper aims to contribute to the debate on climate change policies and their link to development. A climate resilient 
perspective is adopted to understand how climate change policies objective can be reconciled with development goals and to 
explore win-win opportunities given by the integration of the climate change and poverty reduction policies. The paper 
reviews the main theoretical concepts that characterise the scientific literature on climate risk and vulnerability assessments, 



and identify climate resilient indicators accordingly. This made it possible to build the theoretical foundations for a newly 
design index, design to improve understanding of the implications of aid financing on reversing unsustainable paths, reducing 
vulnerability to climate change related hazards and get more equitable outcomes. The novelty of this paper lies on the 
emphasis given to economic aspects related to climate risk assessment, most notably: the concepts of loss and damage, the 
understanding of factors enhancing economic resilience, the links between climate change policies and development (besides 
economic growth) and the acknowledgment of the role of natural capital in pursuing development policies. By reviewing grey 
and peer-reviewed literature, 124 suitable indicators are identified and grouped along six components. The next steps will be 
to build a composite indicator for supporting funding allocation decisions on climate resilient development policies and their 
monitoring and evaluation. 
 
 
Methodological approach for assessing climate impacts and identifying spatial patterns of climate change for the German 
Adaptation Strategy 
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This paper proposes a collaborative approach towards an integrated vulnerability assessment to climate change in Germany 
that attempts to bridge the gap between scientific output and policy demand. A Vulnerability Network ('Netzwerk 

Vulnerabilit�t') emerged from an applied research project commissioned under the Adaptation Action Plan of the German 
Strategy for Adaptation to Climate Change by the Federal Ministry for the Environment, Nature Conservation, Building and 
Nuclear Safety and the Federal Environment Agency. The assessment serves as evidence basis for the implementation of the 
German Adaptation Strategy. Thus, all relevant federal authorities and agencies are represented in the Vulnerability Network. 
Conceptually the approach follows the definition of vulnerability as used by the IPCC, but it has modified this basic concept. It 
clearly distinguishes between three time slices (presence, near and remote future) not only regarding the change in the 
climatic conditions, but also socio-economic development trends. The paper concentrates on the selected methodological 
framework and the collaborative research design. 
Existing studies lack a fine-grained, GIS-based assessment component that uncovers the regionally diverse patterns of climate 
change impacts. Moreover, changes in sensitivity (i.e. demographic change, economic change, and change in land-use 
patterns) may determine the magnitude of climate and weather-related impacts in the near future more significantly than the 
changing climate itself. These spatial patterns need to be identified for territorially differentiated adaptation efforts. Finally, 
existing vulnerability studies conducted by the different Federal States of Germany have not applied a consistent 
methodology. As a consequence a comparative nationwide view on given patterns of impact and vulnerability based on 
various existing vulnerability studies was not possible prior to this study. 
The approach is the first really integrative vulnerability assessment for the whole Germany as it considers not only 16 sectors, 
but also interconnections between these sectors and cumulative effects for three different time slices. In doing so, moreover, 
the normative component of the assessment was clearly separated from the analytic one. The Vulnerability Network as a 
whole has been responsible for all normative decisions to be taken during the assessment procedure thus ensuring a wide 
understanding and acceptance of commonly achieved results. 

This paper first describes the methodological approach chosen in the 'Netzwerk Vulnerabilit�t' climate change vulnerability 
assessment for Germany. Finally the paper draws on results by discussing the identified spatial patterns for the present, near 
and remote future and points at existing research gaps. 
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Climate change poses many threats to multiple sectors and ecosystem services. These result in numerous risks affecting the 
future delivery of services beneficial to people, with these information required to inform decision-making. In forest 
management, multiple abiotic risks influence tree growth and forest resilience. Drought, a major abiotic risk, has caused a 
reduction in tree productivity. Therefore, to support the provision of ecosystem services, forest managers need to know about 
drought risk. Building upon the latest climate research we used the novel probabilistic climate change projections for the UK 
(UKCP09) to estimate the drought risk for ecosystem services provided by British forests. The UKCP09 provides subjective 
probabilities about the future climate - quantifying different associated uncertainties - and allowing a more accurate estimate 
of risk. Furthermore, with high spatial resolution of 5km and high temporal resolution at seven decadal periods until the 2080s, 
our estimates offer timely information for forest management. The vulnerability component of risk, defining a trees response 
to drought, comes from the Ecological Site Classification impact model developed for British forests. The drought risk 
influencing tree productivity allows us to assess other forest ecosystem services: forest production and carbon sequestration. 
Furthermore, to reduce communication barriers between research and forest practice, and to acknowledge inertia of climate 



change, we incorporated assessed ecosystem services into a map of dynamic adaptive forestry practice pathways. 
The findings mainly show a reduction in tree productivity in Britain for major conifer tree species - spruce and pine - but also a 
small increase for broadleaves - oak. A more detailed assessment in Scotland provided a better insight into the spatial 
variability of the future ecosystem services. The western part of Scotland will become slightly more productive for both 
conifers and broadleaves but eastern part of Scotland will become less productive. The same applies also to forest production. 
For the carbon sequestration, our results show a large decrease in carbon stocks caused by reduced tree productivity. 
Combined quantified ecosystem services into map of adaptive forestry practice pathways shows, for example, the need to 
adapt Sitka spruce and its management in the lowlands if the limiting threshold value was set to 10% reduction. 
This map should inform forest management and policy making by defining when and how much forest ecosystem services can 
deliver under climate change to help identify lead time needed for adaptation and also to identify consequences of climate 
change inertia on forests. 
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The assessment of the vulnerabilities of a country or a region to the effects of climate change is a complex task. It addresses 
the reality of socio-ecological systems with typically cross-sectorial interdependencies and feedback loops that lead to non-
linear responses to external pressures and shocks. One of the main challenges of vulnerability assessments (VAs) to climate 
change in practice is therefore to reduce this complexity and to allow for suitable estimations by using a reasonable amount of 
financial resources and time. 
This paper presents a stepwise approach to run such VAs for various purposes and at various scales. One of the centerpieces of 

our VA methodology is the definition of so-called �impact chains', which are generated as joint effort by all relevant VA 
stakeholders: scientists, practitioners, general as well as local experts. These chains visualize the cause-effect relationships 
between climate signals, sensitivities, adaptive capacities and (potential) climate impacts. Impact chains support the focus on 
most relevant aspects of climate risks. Their design may serve as starting point for the selection and the evaluation of 
indicators. The process of generating impact chains triggers lively discussions and reveals fields of agreement and 
disagreements between the various experts and actors. We present examples from the Vulnerability Network ('Netzwerk 

Vulnerabilit�t') in Germany and from a number of development cooperation projects that have been carried out according to 

the �Vulnerability Sourcebook'. This Sourcebook is a guideline for the implementation of VAs in practice and has been 

developed for the GIZ (Deutsche Gesellschaft f�r Internationale Zusammenarbeit). 
Though successfully applied as a tool to structure and focus the subsequent work within a VA, it is evident that impact chains 
reduce the real complex relationships to simplifying linear and mono-sectorial ones. The research field of system dynamics 
tackles these shortcomings and use for example causal-loop-diagrams to capture the dynamic nature of interrelationships and 
cascading effects of events. However, these approaches have not found their way into operational procedures yet. A first step 
to account for some of the system's complexity is the analysis of cross-sectorial links between individual impact chains. The 
results of such an analysis is shown using the example of the abovementioned project Vulnerability Network, for that network 
diagrams have been created to visualize type and intensity of connections amongst various sectors. 
 
 
Enhancing strategic adaptation planning at the local level: challenges and prospects in developing the French vulnerability 
and risk assessment tool ‘'Impact'Climat'' 
 Simonet

1
, Philips

2
, Dubois

3
, Dhenain

3
 

1
ACTERRA, MARSEILLE, France 

2
French Environment and Energy Management Agency (ADEME), VALBONNE, France 

3
TEC, MARSEILLE, France 

 
Local authorities have a central role to play in the multilevel governance of the French National Adaptation Policy. All cities and 
authorities larger than 50,000 inhabitants are legally bound to develop local climate change adaptation strategies and action 
plans.  
Climate change adaptation requires French local policy-makers and technicians to revisit the way they design and implement 
public policies in order to better respond in the short-term to longer-term challenges. Anticipation, flexible planning and 
adaptive management for addressing current and future risks are becoming key requirements of any local policies. In this 
context, local authorities are facing a significant methodological challenge that requires adequate analytical and decision 
support tools to ensure successful mainstreaming of adaptation concerns and measures into their day-to-day planning and 
operations.  
The French Environment and Energy Management Agency (ADEME) support these policy efforts by providing two 
methodological tools: ''Impact'Climat'' vulnerability assessment tool and 'Objectif'Climat', which proposes guidelines on how to 
structure an adaptation action plan and the monitoring and evaluation processes.  
The 'Impact'Climat' tool, created in 2012, has been continuously revised and updated to account for the evolving needs of the 
local authorities as well as latest developments from the climate and adaptation research. In 2015, a third version of 



Impact'Climat will be released with the help of the adaptation service consulting firms TEC and ACTERRA. The tool will 
integrate: new guidelines on how to communicate the results of a vulnerability analysis to local decision-makers, 
recommendations on how to feed the results into the strategic planning process, as well as new resources, data and analytical 
features. Inter alia automated use of downscaled climate projections from the French and European models available in the 
EUROCORDEX program and Meteo-France's 'DRIAS'' Climate Information Portal will facilitate the access of local authorities to 
the RCP climate projections for their region.  
The proposed presentation will provide an overview of the progress made on the development of 'Impact'Climat' and its 
benefits for strategic adaptation decision-making by local governments. It will share feedback on the challenges and research 
gaps encountered by ADEME throughout developing the tool and will highlight best practices, lessons learnt and success 
factors that can be derived from the French experience.  
 
 
Innovative approach to the development of a transdisciplinary adaptation strategy - an example from the Madeira islands. 
 Avelar, AG Gomes, HC Costa, PG Garrett 
CE3C - Lisbon University, LISBON, Portugal 
 
The development of an Adaptation Strategy should be a multidisciplinary process that involves relevant stakeholders. What 
seems to be the challenge is how to coordinate it in a way that promotes sectorial cross-pollination to find synergies and 
support systemic thinking, and how to deeply engage the stakeholders in the process. This paper presents some conclusions 
and reflections based on the results of an Adaptation project that applied an innovative methodology to overcome those 
challenges. 
The Madeira archipelago is an European outermost region that has been directly and indirectly affected by climate variability. 
This led Madeira policy-makers to support the development of a regional adaptation strategy to climate change. With a 
transdisciplinary approach the project CLIMA-Madeira addresses six sectors: agriculture and forestry, biodiversity, energy, 
health, water resources and tourism. 
To take advantage of the project multidisciplinary, the same methodological was followed by all sectorial experts' teams. The 
vulnerability assessment was based on the design of an impact chain that analyzed the system current adaptive capacity 
against the potential impact (based on the climate exposure on the system sensibility). By using the same conceptual 
methodology, the experts were invited to present their sectorial results framed in the same way using a common set of 
categories. Each outcome was also presented with an associated confidence level to invite the experts to present all the results 
independently its intrinsic uncertainty. Having the different sectors outcomes labeled with the same set of categories and a 
consistent treatment of uncertainties was the starting point to compare them, find synergies and identify complex impact 
interactions. 
Stakeholder involvement was carried out first by mapping the list of key actors that were then selected to the project 
workshops based on their potential contribution, motivation and influence for the adaptation process. In the first workshop it 

was used a World Caf� Technology to facilitate the stakeholders discussion on the Madeira's current vulnerability and the 
Open Space Technology to brainstorm about adaptation measures. These results were framed in five adaptation dimensions 
which fed the second workshop dedicated to the prioritization of adaptation measures. 
During this process some barriers were identified and some opportunities were acknowledge which created interesting lessons 
learn.  
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Economists attempting to evaluate the impacts of climate change are often caught between hard theory and exceedingly rocky 
empirics. Impact assessment models are necessarily based on highly aggregated - and sometimes highly simplified - damage 
functions. This study takes an alternative approach: a bottom-up, physical impact assessment and respective monetization, 
attempting to cover a much broader set of impact fields, feeding directly into a macroeconomic and welfare analysis at the 
national level. To ensure consistency, our approach applies impact assessment at the sectoral impact chain level using shared 
socioeconomic pathways, consistent climate scenarios, computable general equilibrium evaluation, and non-market impact 
evaluation. The approach is applied to assess a broad scope of climate impacts in Austria. Results indicate significant impacts 

around �known knowns' (such as changes in agricultural yield from climatic shifts), with uncertainty increased by �known 
unknowns' (e.g. changes in water availability for irrigation, changes in pest and diseases) but also raises the question of 
unknowns and unknowables, which may possibly dominate future impacts (such as exceedance of critical ecosystem function 
for supporting agriculture). Climate change, ultimately, is a risk management problem, where insurance thinking warrants 
significant mitigation (and adaptation) action today. 
Analysis of the study result indicate that the current welfare damage of climate and weather induced extreme events in 

Austria is an annual average of � 1 billion (large events only). This has the potential to rise to � 4 to 5 billion by mid-century 

(annual average, known knowns of impact chains only), with an uncertainty range of � 4 to 9 billion. When extreme events 
and the tails of their distribution are included, even for a partial analysis focused on extremes, damages are seen to rise 



significantly, e.g. with an estimated increase to � 40 billion due to riverine flooding events alone by the end of the century. 
These highlight the need to consider the distribution of impacts, as well as the central values. 
 
 
Risk assessment concerning landslides and coastal erosion - a Swedish government commission to meet a changing climate 
 Cederbom, Bergdahl, Odén, Danielsson 
Swedish geotechnical Institute, LINKÖPING, Sweden 
 
The Swedish Geotechnical Institute (SGI) is commissioned by the Swedish government to perform risk assessment for 
landslides and coastal erosion within the national climate change adaptation allowance. Our commission include several tasks: 
(I) to map the risks in present and future climate conditions, (II) to develop new methodology; (III) to make benefit of the 
outcome of the results for society; (IV) to co-ordinate a harmonization of existing material concerning landslides and erosion 
from several national authorities and; (V) to put together guidelines for users of this material. We briefly present the work we 
have conducted so far by focusing on challenges and solutions concerning our mapping, co-operation with other national and 
regional authorities, our dialogue with local stakeholders and our plans for future work with methodology development and 
risk mapping. 
SGI previously developed a first methodology version for mapping landslide risk, and we mapped the landslide risk for present 

and future climate conditions the G�ta river valley. Subsequently, we have developed a simplified, cheaper and more 
generally applicable second version of the methodology. It has been tested to ensure the quality of the outcome and its 
usefulness for stakeholders, and it is now being applied to nine additional river valleys of national economic importance. SGI 
also developed and tested a separate methodology for mapping risk for coastal erosion. The test results of these two risk 
methodologies show that future climate conditions are easy to include in the vigorous analyses of landslide risk, in which 
probability is the key parameter over time. Climate conditions are trickier to include in the simple and mainly GIS-based 
analyses of vulnerability for coastal erosion (the third of in total five steps in our risk methodology for coastal erosion). A 
continuous dialogue with local authorities is necessary to ensure usefulness of the outcome. We also have to find solutions for 
complementing published risk maps when local authorities make preventive measures, because the risk maps have a big 
influence on insurance matters in regions with high-risk spots. 
Additionally, several different kinds of maps indicating risk or vulnerability for future landslides and coastal erosion have been 
produced by national and regional authorities. It is difficult for non-experts among stakeholders to interpret the various maps 
provided when planning and prioritizing adaptation measures. SGI's new responsibility for harmonization constitutes the 
necessary condition for successful co-operation among authorities. 
 
 
A probabilistic risk based approach to addressing impacts of climate change on cities: The Urban Integrated Assessment 
Facility (UIAF) 
 Jenkins 
ECI, University of Oxford, OXFORD, United Kingdom 
 
Urban areas are particularly vulnerable to economic and social impacts of climate change due to their high concentrations of 
people and assets. Moreover, the increasing temperatures due to global warming are exacerbated in cities due to the Urban 
Heat Island (UHI) effect. In recent years cities globally have been developing strategies for responding to the risks of climate 
change. However, they often lack the evidence needed to make the case for and prioritise adaptation actions. Consequently, 
the development of adaptation strategies for urban areas requires integrative thinking to understand and model relationships 
between the built environment, land-use, infrastructure systems, the urban economy and climate. 
As part of the ARCADIA (Adaptation and Resilience in Cities: Analysis and Decision making using Integrated Assessment) project 
a new system of models for analysing climate risks and assessing the performance of options for adapting to climate change 
has been developed. The models developed have been integrated within an Urban Integrated Assessment Framework (UIAF). 
The UIAF incorporates future scenarios of climate, economic, and demographic change (including implications of urban land 
use and anthropogenic heat emissions), and starts to incorporate important feedbacks between models. A probabilistic 
methodology has been used to generate risk estimates that incorporate the effects of uncertainties in climate and 
vulnerability. The framework enables the exploration of a range of climate and socio-economic scenarios and their 
implications, providing a whole-system approach to assessing adaptation strategies to enhance future urban sustainability. 
The UIAF has been developed for Greater London and the surrounding region, incorporating input from key stakeholders to 
ensure the analysis was relevant to the climate risks they faced. This presentation will present an overview of the UIAF, 
demonstrate its application to direct impacts of extreme heat and flooding on people, buildings and transport infrastructure, 
and implications for the development and assessment of adaptation strategies. The integrated approach is beneficial in that it 
facilitates a range of impacts and adaptation options to be considered within a single framework; the spatially coherent data 
allows the user to map and identify risk hot spots; vulnerability due to socio-economic change as well as climate change can be 
captured; and the modelling approach is flexible in its potential to build in more specific information on adaptation policies and 
pathways as more quantitative information becomes available. 
 
 
 
From static socio-economic sensitivity to interactive scenarios: Innovative developments of a key component of climate 
change impact and vulnerability assessments 



 Lückenkötter 
TU Dortmund University, DORTMUND, Germany 
 
For many years long-term scenarios of future socio-economic developments were mostly hidden in the background of climate 
change impact and vulnerability assessments. At the forefront of scientific studies on climate change were climate scenarios 
and related modelling advances. Long-term socio-economic scenarios were nevertheless needed as drivers of the underlying 

emission projections. For this purpose four main �storylines' of demographic, social, economic and technological 
developments were defined by the IPCC's Special Report on Emission Scenarios. But the socio-economic scenarios of the 

�storylines' were coarse and remained largely in the background of impact and vulnerability assessments. In fact, the socio-
economic sensitivity components of such assessments were usually static, i.e. they used only the most recent data on 
population, economic output and other related indicators. Thus future climate conditions were related to current (and not 
future) societal conditions.Since the SRES scenarios new approaches and methods for demographic and socio-economic 

projections have emerged. And the IPCC eventually adopted a �parallel modelling approach' allowing climate and social 
science researchers to develop their models in parallel instead of in a sequential fashion. Social scientists developed a set of 

�shared socio-economic pathways' that are only loosely linked to different policy assumptions and thus opened up even 
more flexibility for exploring different socio-economic constellations.These methodological advances reflect the realization 
that socio-economic developments are much more dynamic and thus more difficult to project than physical changes. It is also 
an often neglected fact that socio-economic conditions in Europe have in the past 50 years changed to a much greater degree 
than climatic conditions - and this is likely to hold true for the future as well. Thus, future climate change impacts will also be 
primarily determined by socio-economic changes. Moving from fixed (i.e. the most current) socio-economic sensitivities to a 
variety of flexible scenarios therefore holds the promise of greatly enhancing impact and vulnerability assessments and applied 
tools for policy advice. This paper reviews examples of recent climate change impact and vulnerability assessments that treat 
socio-economic sensitivities in different ways - ranging from static status quo to flexible scenarios. A special focus is put on 
studies that have fully embraced the scenario approach. In fact, some recent and ongoing European research projects like 
CLIMSAVE or CLIP-C are offering users the ability to interactively explore different future developments. The paper identifies 
methodological achievements as well as opportunities for decision-makers, but also highlights key challenges of these new 
approaches. 
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In recent years, the extreme weather has brought huge composite disasters and cross-sectoral impact in Taiwan. For example, 
Typhoon Morakot flooded with mud in southern Taiwan. The water supply system was damaged and caused water shortage. 
The flood also threat on public health systems. The impacts of climate change vary in different sectors for which the 
adaptation will be heterogeneous. To assess the risk of climate change impact, the cross-sectoral assessment and tools are 
concerned. In response to the current states of local areas and the goal of sustainable development of our country, a set of 
flexible adaptation strategies are needed to be applied in our society. Therefore, the project of Taiwan Integrated Research 
Program on Climate Change Adaptation Technology (TaiCCAT) was activated. The supportive tools for decision-making to 
assess cross-sectoral risk and make appropriate adaptation strategies were developed for the related government sectors. 
To integrate cross-sectoral risk assessment, the standard procedure, the common index system and the analyzing tool for 
cross-sectoral issues are required. In this study, the standard procedure was established into 6 steps by following Adaptation 
Policy Framework (APF). The index system was formulated with carrying capacity (supply side) and loading capacity (demand 
side) for different sectors with the same index system. The Cross-sectoral System Dynamics Model (CSD Model) was 
established with VENSIM software to analyze the linkage of adaptation strategies on multi-sectors. Five highly vulnerable 
sectors under climate change, which are environmental disaster, public health, food security, ecosystem and water resources 
system were adopted on cross-sectoral issues. The implements and results demonstrated on cross-sectoral issues will be 
discussed in the end. 
 
 
Revisiting urban vulnerabilities and risks: an integrated climate change vulnerability and risk assessment for European cities 
 Tapia 
Tecnalia R&I, BILBAO, Spain 
 
This work takes stock of state-of-the-art analytical methods to deliver an indicator -based climate change integrated 
vulnerability and risk assessment at the city level in Europe. The assessment has been conducted within the FP7 RAMSES 
project, covering 571 continental cities included in the GISCO Urban Audit 2004 database by mid-2014. 
The analytical steps performed include: (1) definition of the vulnerable system: selection of key impact chains, linking climate 
hazards to potential receptors within cities; (2) identification of sensitivity and adaptive capacity of cities; (3) production of 
comparable vulnerability assessment at the city level; (4) characterization of the exposure levels of cities to the selected 
climate hazards, and; (5) integration of vulnerability and risk factors. 
The impact chains have been selected among all the potential hazard/receptor combinations to focus on those issues that 



according to the literature pose higher risks on European cities. The impact chains considered in the assessment include (1) 
urban heat island (UHI) on human health, (2) floods (pluvial, fluvial and coastal) on socio-economic tissue and urban fabric, and 
(3) drought on water planning. 
Hazard assessment was conducted by Newcastle University basing on daily rainfall (55 model runs), maximum and minimum 
temperature (54 model runs) outputs from CMIP5 models for RCP8.5, available from the British Atmospheric Data Centre 
(BADC). Exposure was expressed as change factors on the share of population exposed to droughts and UHI, as well as on the 
share of flood -prone area within each city. 
Sensitivity and adaptive capacity indicators have been selected among those datasets included in the Urban Audit database 
and some others available within other European data providers, including the ESPON programme and the EEA. A limited 
number of indicators assessing climate change awareness have also been produced within the project. Sensitivity and adaptive 
capacity indicators have been combined to characterise urban vulnerability to climate change. Vulnerability scores were 
subsequently overlapped with hazard and exposure indicators to infer risks associated with climate change. 
This work addresses some of the most recurrent limitations found within vulnerability and risk assessments, including 
multidimensionality, multiplicity and incommensurability of variables. Comparability of results among cities has driven the 
analysis more willingly than intra-city accuracy of vulnerably and risk quantifications. Accordingly, vulnerability and risk scores 
are presented on relative a scale, rather than as absolute values. 
 
 
Experiences of climate risk and vulnerability assessment focused on adaptation: Lessons to be learned from Latin America 
 DASCAL, J.K. Karremans 
EUROCLIMA Programme, BRUSSELS, Belgium 
 
Adaptation in coastal areas is one of the key issues of EUROCLIMA Programme, an initiative funded by the European 
Commission to support climate dialogue and actions in and between 18 countries in Latin America. Upon request of the 
representatives of national governments, EUROCLIMA developed a study that (a) detected and analyzed Latin American 
experiences with vulnerability of coastal infrastructures and (b) developed a proposal for risk assessment focused on 
adaptation in coastal marine areas. 
Among the successful Latin American initiatives, ECOPLATA (Uruguay) is a management structure that articulates different 
actors to carry out vulnerability assessments and the definition and monitoring of adaptation strategies and plans for coastal 
areas. In Cuba, a successful participatory risk management system which includes actions to adapt to climate change, have 
been implemented. An expert group conducted a study of vulnerability and risk of a port facility and associated adaptation 
measures on the island of Trinidad. In Mexico, Colombia, Dominican Republic, among others, effective methodologies have 
been implemented to understand levels of risk and vulnerability for adaptation strategies in their coastal marine areas. 
This contribution will focus on these and other Latin American experiences and lessons to be learned. The main results of the 
study have been summarized in 'Climate Change and Risk Management: Vulnerability of coastal marine infrastructures in Latin 
America' (2014), available on the EUROCLIMA website. 
 
 
How can existing vulnerability assessment methods advance our understanding of limits to adaptation and loss and 
damage? 
 Lissner, Schleussner, Schaeffer, Hare 
Climate Analytics, BERLIN, Germany 
 
While stringent mitigation is key to reduce the impacts of climate change on human and environmental systems, some impacts 
will remain regardless of future emissions pathways. Impacts and vulnerabilities are unevenly distributed across regions and 
adaptation is urgently needed to cope with expected damages. However, it has also been recognized that biophysical, 
economic and social/cultural limits to adaptation exist, defined as 'the point at which an actor's objectives or system's needs 
cannot be secured from intolerable risks through adaptive actions' (IPCC WGII Ch16). Related to these limits are thus 
unavoidable or residual impacts, also described as loss & damage (L&D). While both L&D and limits to adaptation are 
prominent terms in the recent IPCC AR5 report, many open questions with regard to their definition, delineation and 
operationalization exist. Both concepts are also central to the on-going international negotiations under UNFCCC and a clear 
scientific conceptualization would be highly relevant information to advance an international agreement. 
This contribution will first work towards disentangling and clarifying open points, which remain in framing and clarifying L&D 
with regard to the attribution of impacts to climate change vulnerability. The second part of the contribution then focuses on 
questions regarding the methodological framing of L&D and the potential of using existing vulnerability assessment methods in 
this regard. The impacts of climate change are diverse and range from impacts on agricultural yields to loss of land from sea-
level rise, for example. As a consequence, adaptation opportunities, constraints and limits are highly diverse, posing 
substantial difficulties for a general assessment framework. Drawing on existing approaches for vulnerability and risk 
assessment, we explore whether and how existing methodologies can be helpful in addressing these questions and identify 
research gaps, which would allow for progress in this highly relevant policy sphere. 

 

6.7 Tracking adaptation to climate change 



Tracking Adaptation in Scotland: ‘The How and the Why'. 
 Beckmann 
Heriot-Watt University, EDINBURGH, United Kingdom 
 
Successful climate adaptation gets little praise, and may even be invisible to the communities and economies that benefit from 

it. In contrast, failures are likely to be all too apparent. This �Success Conundrum' makes the tracking of adaptation difficult - 
but nonetheless still vital. This talk will look at some of the conceptual, methodological and practical issues that the author and 
team have addressed in setting up a framework to track adaptation to climate change for the Scottish Government.  
In 2014 Scotland issued its first Climate Adaptation Programme (http://goo.gl/1lfyQY). Scotland's progress in adaptation will be 
independently evaluated every two years by the UK's Climate Change Committee, using evidence, data and indicators 

gathered by �ClimateXChange' (CXC) - Scotland's Centre of Excellence on Climate Change (see http://goo.gl/QCTUE3).  
CXC has identified key trends to monitor so as to assess the state of Scottish Climate Resilience and Adaptation. These trends 
reflect the impacts set out in the UK's Climate Change Risk Assessment for Scotland, and the CXC team is establishing a 
monitoring regime and baseline data for these. 
The author will look at some of the conceptual and methodological issues the team faced in deciding what to trends and 
phenomena to track, and how to approach this. She will also illustrate some of the practical issues that arise in trying to 
generate indicators working with existing datasets. Other issues to be explored include these: 
How adaptation tracking relates to other risk management and monitoring efforts 
How adaptation indicators may be used to illuminate policy decisions and support for adaptation in future. For example, 

tracking data could be used, in conjunction with stakeholder work that identifies �real-life' adaptation drivers and barriers, to 
identify the need for stakeholder education, fiscal support or policy and legislative change.  
She will draw on examples from all three sectors - Natural Environment, Society and Buildings / Infrastructure Networks - but 
with a main focus on the latter.  
The author works for the Scottish Government's ClimateXChange Indicators Project and is based at Heriot Watt University 
(http://goo.gl/63ltE4). She leads on the development of climate adaptation indicators for the Built Environment and 
Infrastructure Networks. She has a background in science and sustainability, and has worked for over twenty five years 
researching and communicating environmental and sustainability issues to business and policy sectors. 
 
 
How generic adaptive capacity can be monitored over time? - Assessing adaptive capacity for coastal cities scale. 
 Araya Muñoz
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Despite the growing number of studies focusing on urban vulnerability to climate change, adaptive capacity - a key component 

of the IPCC definition of vulnerability, is rarely assessed quantitatively. This research examines the capacity of the Concepci�n 
Metropolitan Area (CMA) in Chile to serve as a representative illustration of adaptive capacity to climate change pressures in 
the near term, and is relevant to large coastal urban areas worldwide. Factors that facilitate, or constrain, the processes of 
adaptive capacity are identified. Fuzzy logic modelling within ArcGIS software was used to generate and spatially map a generic 
adaptive capacity index for the nine municipalities in CMA. The model is based on seventeen indicators, which were 
standardized and then aggregated to the generic adaptive capacity index. To understand preconditions for planned 
adaptation, two indices were built: one applied for 1992 and another one for 2002, thus, covering the changes in the indicators 
over a period of 10 years. The resulting maps helped identify areas where adaptive capacity is lacking, from which can 
stimulate debate amongst policymakers and stakeholders for better management of urban areas. Such debate is essential to 
improve climate policy in both city planning and national planning, e.g the Chilean National Adaptation Plan. The methodology 
developed for CMA can be readily applied for other cities in Chile and around the world. 
The resulting generic index was useful for identifying, understanding and monitoring the spatial patterns of adaptive capacity 
in the CMA for the analysed period. In a decade, can be seen that all the municipalities increased their level of adaptive 
capacity. However, the spatial distribution patterns of adaptive capacity do not suffer significant changes, thus, the 
municipalities maintain their relative position. This implies that large differences observed in the level of adaptation between 
the municipalities of CMA are maintained over time. 
 
 
Public Health Adaptation to Climate Change in Canadian Jurisdictions 
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Climate change poses numerous risks to the health of Canadians. Extreme weather events, poor air quality, and food insecurity 
in northern regions are likely to increase along with the increasing incidence and range of infectious diseases. In this study we 
identify and characterize Canadian federal, provincial, territorial and municipal adaptation to these health risks based on 
publically available information. Federal health adaptation initiatives emphasize capacity building and gathering information to 
address general health, infectious disease and heat-related risks. Provincial and territorial adaptation is varied. Quebec is a 
leader in climate change adaptation, having a notably higher number of adaptation initiatives reported, addressing almost all 
risks posed by climate change in the province, and having implemented various adaptation types. Meanwhile, all other 



Canadian provinces and territories are in the early stages of health adaptation. Based on publically available information, 
reported adaptation also varies greatly by municipality. The six sampled Canadian regional health authorities (or equivalent) 
are not reporting any adaptation initiatives. We also find little relationship between the number of initiatives reported in the 
six sampled municipalities and their provinces, suggesting that municipalities are adapting (or not adapting) autonomously. 
 
 
Adaptation in large cities: a global assessment 
 Araos
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Urban areas globally face significant risks from climate change, and are increasingly taking an active role in climate policy. 
There are few, if any, global assessments of adaptation taking place, however. Here, we analyzed web-reporting from 402 
municipal governments worldwide and discover that only 61 cities report any adaptation initiatives. We profiled analyzed cities 
into non-adaptors, global leaders, small city leaders, and laggards. With few exceptions, global and small city leaders are large 
cities located in high-income countries in North America, Europe, and Australia, and are adapting to a variety of expected 
impacts. Laggards report tokenistic adaptation initiatives usually addressing emergency preparedness rather than specific 
impacts. Additionally, we found that adapting cities report more direct adaptation actions than groundwork. Finally, the 
preferred policy typologies of adapting cities are direct management, planning, and policy as well as practice and behaviour 
adjustments rather than more indirect capacity building, research, or financing functions. 
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Robbert Biesbroek, James Ford, Lea Berrang-Ford 
As chairs of the session (Session 6: VIII 'Tracking adaptation to climate change') we aim for an interactive discussion with the 
presenters and audience on the conceptual, methodological and empirical challenges of tracking adaptation to climate change. 
This abstract is intended to reserve some time in the session program so as to allow in-depth discussion on each of the three 
challenges. 
As chairs we will facilitate this discussion by synthesising the results of the presentations, we will ask all presenters to reflect on 
how they have(not) addressed these challenges, and we will prepare some questions to the audience to spark the discussion. 
We propose to reserve two presentation slots (approx. 40 minutes) for this purpose. 
 
 
Establishment of Eco-Village shall contribute towards Climate Change 
 Amatya 
Lalitpur Sub Metropolitan City, LALITPUR, Nepal 
 
Nepal is highly vulnerable to risks of climate change. Every year large number of human lives and huge property are being lost 
due to floods, landslides, drought . Its contribution in GHG is very negligible with 1977.1 kg/capita. But it is experiencing serious 
impact of climate change in the areas related to livelihood such as water resources, biodiversity, forestry, waste management 
and public health.  
Climate change is a global issue which every lining has to face. Global warming is the result of GHG emission from 
anthropogenic activities. Nepal has 28 million population with annual growth rate 1.3%. Uncontrolled and rapid urbanization 
has resulted in an increase in environmental pollution, scarcity of ground water, waste and water management problems as 
well as rapid decrease in agriculture land.  
Kagatigau is Located in close proximity with capital of Nepal. It is only 25 km far from mainstream Kathmandu valley. This 
village lies in close boundary of Kathmandu and Nuwakot districts, is a small part within Okharpauwa Village Development 
Committee (VDC). The village is the home to a large number of highly marginalized and indigenous people, Balami and few 
numbers of dalit (untouchable caste) people. 
Recommendations for piloting Eco-Village in Kagati Gau 
1.Agriculture as a main occupation and presence of large number of domestic animals in Kagati Gau, there is possibilities of 
installation of renewable technologies like biogas by using animal and human waste. 
2.The Village receives direct and whole day sunrays and there is no barrier in receiving the sunrays even in winter and except 
sometimes in monsoon the area remains cloudy partially. 
3.With the installation of solar technology in the Kagati Gau village, there is potential of uplifting the socio-economic status of 
the communities by introducing appropriate technologies such as solar drier method.  
4.There is excellent possibility of compost manure production as every household owns at least 2-3 animal shed in average 
with at least 2 domestic animals.  
5.Though there is very minimum production of solid waste, each household manages waste by dumping under the small pit.  
6.As there is an excellent natural forest available (with 2 community managed forest- CF) hence there is good possibility of 
production of bio pellet (briquettes).  



7.The village faces acute scarcity of drinking water.  
8.There is acute scarcity of drinking water. utilization of water is mostly for household purpose and for maximum use in animal 
shed. The communities are largely dependent upon rain water . 
 
 
The emergence of climate change adaptation as a new field of public policy in Europe 
 Massey, Huitema 
VU University Amsterdam, AMSTERDAM, Netherlands 
 
Over the past decade, climate change adaptation has become an integral item on the climate policy agendas of several 
European countries. As such, researchers have begun to question what concrete changes in polices are occurring at national 
levels and what dynamics can explain these changes. 
While new laws, policies and institutions have been created to deliver adaptation, supported through processes of cross-
national policy innovation and learning, another interesting observation being made is that adaptation is steadily emerging 
into a new separate and distinct policy field in a handful of countries. The purpose of this article is twofold: first, to empirically 
map where and to what degree adaptation is emerging as a policy field; second, to theoretically and empirically explore the 
drivers underpinning policy field emergence. Based upon a survey of leading adaptation policy makers in 27 European 
countries, we show that there are signs of adaptation becoming a policy field in 15 countries. Furthermore, we find that even 
though institutional change, coupled with increasing public attention and pressure on governments to react to climate change, 
has helped drive the emergence of adaptation as a policy field, it would appear that it is the activities of elite policy makers and 
experts that have had the most influence. 
 
 
Applications in adaptation tracking: A longitudinal assessment of adaptation progress among high-income countries 
 Lesnikowski
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Examples of adaptation implementation are rapidly increasing around the world and creating a need for new methods of 
tracking adaptation policies and programmes. Adaptation tracking can play an important role in helping governments and 
researchers understand overall progress on adaptation implementation and identify emerging adaptation deficits. 
Comprehensive datasets that capture adaptation across sectors and scales of governance can also support trend analysis and 
enable hypothesis-testing of key concepts in the adaptation literature. 
A key practical challenge to adaptation tracking is the absence of such comprehensive datasets on adaptation policies, 
programmes, and initiatives. This study addresses this gap by applying a novel global adaptation tracking methodology to the 
National Communications of the UNFCCC to systematically identify adaptation policies, programmes, and initiatives around the 
world. To our knowledge this is the only adaptation dataset with information on high, medium, and low-income countries that 
captures adaptation being implemented across sectors and at national, regional, and local levels. Using this dataset we analyze 
progress on adaptation among Annex I Parties to the UNFCCC between the Fifth and Sixth National Communications (NC5; 
NC6) and test major hypotheses in the literature (n=41). 
The core questions asked in this longitudinal study are: 
1) Did the number of adaptation policies and programmes at the planning or implementation stage increase in the NC6, as 
compared to the NC5? 
2) If so, which sectors and scales of governance are seeing the greatest increases in adaptation implementation? What types of 
adaptation action are most frequently implemented? 
3) Are particular explanatory variables hypothesized in the literature associated with adaptation outcomes as measured in the 
National Communications? 
In this presentation we will also discuss how critical conceptual and methodological issues were addressed, particularly i) 
defining what constitutes progress in adaptation, and ii) identifying metrics for measuring progress through proxy measures of 
reporting on adaptation policies, programmes, and initiatives. 
Our longitudinal analysis finds that overall levels of adaptation increased from the NC5 to NC6, with regulatory instruments 
and surveillance and monitoring initiatives seeing the greatest increases in reporting. Leading adaptors in the NC5 continue to 
perform at the top of our adaptation index in the NC6 (Australia, Finland). Canada, New Zealand, Norway, Portugal, Sweden, 
and the UK also emerge at the top of the index in the NC6. Our explanatory analysis of adaptation outcomes indicates whether 
hypothesized economic, social, governance, natural resource, and built environment factors are important for affecting this 
process. 
 
 
Linking monitoring and evaluation with risk assessment and decision making for climate change adaptation: demonstration 
of an integrated approach 
 Kingsborough, Pringle, Hall 
Environmental Change Institute, University of Oxford, OXFORD, United Kingdom 
 



Linking monitoring and evaluation (M&E) with risk assessment and decision making, as part of an integrated approach to 
climate change adaptation has the potential to bring about substantial benefits. Increased systematic understanding of the 
effectiveness of adaptation actions will allow scarce financial and technical resources to be utilised more efficiently. Learning 
from the process of identifying, prioritising and implementing adaptation actions will also enable more effective adaptation in 
practice. An increasing emphasis on reacting flexibly to change as it occurs reduces the reliance on assumptions about future 
scenarios, but increases the need for enhanced understanding of existing levels of risk and vulnerability. 
These challenges emphasise the value of a framework for adaptation M&E that considers climate hazards, exposure, 
vulnerability, climate impacts and adaptation actions, and its potential to make adaptation decision making more effective. 
The underutilisation of M&E in decision making is not limited to adaptation, but the challenge is compounded by long 
timeframes, inherent uncertainty and difficulties with attribution. Given many challenges in adaptation planning and M&E are 
shared, improving and explicitly identifying the linkages between them may improve outcomes, which take into account these 
challenges. 
This paper presents a risk based framework that integrates adaptation monitoring, evaluation and decision making, it is 
developed as a mechanism to better utilise adaptation M&E in adaptation decision making. Using the Thames Estuary as a case 
study, we show how the framework can contribute to climate change adaptation planning by highlighting the components and 
linkages that are contributing to improving adaptation and those which require strengthening. 
 
 
Evaluation of climate change adaptation in Switzerland 
 Zoller, Hohmann, Köllner, Gross, Probst 
Federal Office for the Environment, ITTIGEN, Switzerland 
 
The Swiss Federal Office for the Environment (FOEN) coordinates climate change adaptation activities in Switzerland. An 
adaptation strategy consisting of two parts was developed as framework for coordination at federal level. In the first part, the 
goals, challenges and fields of action in adapting to climate change are described. The second part is an action plan with 63 
adaptation measures.With the adoption of the action plan the FOEN was mandated to report on the progress made and the 
effectiveness achieved in adaptation to the Federal Council by the end of 2017. An important input for the reporting is the 
ongoing evaluation of the strategy development process. 
The objectives of this evaluation are to get an insight into positive and negative factors related to the development of the 
adaptation strategy, to identify key barriers of governing climate change adaptation and to learn from experiences. 
The methodology of data collection includes a group discussion with the FOEN team that developed the adaptation strategy, 
and interviews with stakeholders from the public, academic and business sectors that were involved in the development 
process.The interviews were based on a standardized questionnaire in which the emphasis was put on the following three 
evaluation objects: The Concept focuses on the CO2 act and the mandate by the Federal Council. The Implementation focuses 
on the organizational structure, the process-oriented organization and the financial and human resources. The Output focuses 
on content as well as structure of the adaptation strategy and the action plan. 
The results of the group discussion and interviews were qualitatively analyzed using the following evaluation criteria: (1) 
Relevance: inner coherence, outer coherence, evidence, (2) Practicability: suitability for implementation, adequacy, (3) 
Sustainability: structural sustainability, financial sustainability, holistic sustainability, (4) Efficiency: performance-oriented 
efficiency, impact-oriented efficiency, (5) Effectiveness: effectiveness on outcome level, effectiveness on impact level 
The findings will be available in the upcoming weeks and presented at ECCA 2015. 
Outlook:Further elements of the evaluation of adaptation in Switzerland are (1) a survey among the federal offices on the 
progress made with the implementation of the adaptation measures, (2) an indicator based assessment of effectiveness, (3) a 
survey among the 26 cantons that will provide an overview of their adaptation activities, and (4) a research project on adaptive 

capacity (collaboration between FOEN and ETHZ, see abstract on �Are there adaptation barriers? Experiences from 

Switzerland', authors: Jonas J�rin, Carolina Maestri, Anthony Patt, Pamela K�llner, Martina Zoller) 
 
 
Tracking climate change adaptation in coastal ecosystems: What counts and what should be counted? 
 Lamari, Mr Jacob, Mrs Bouchard 
ENAP-CREXE, QUÉBEC, Canada 
 
Recently, the number of public policies initiated within the framework of CCA has increased in several western countries 
(Climate-ADAPT, 2014). On the other hand, the evaluation and measurement of CCA progress remain embryonic and 
inadequately charted by indicators quantifying the changes and impacts attributable to these policies that engender new 
stakes and concepts that are difficult to measure and do not always produce a consensus. The resulting confusion complicates 
the measurement of advances made through collective CCA action (Ostrom, 2010; Magnan, 2009) and calls for an 
improvement in monitoring and evaluating CCA (Preston, Westaway & Yuen, 2011). 
Our paper provides advances in the knowledge and measurement of the effects of CCA programs. It presents the results of a 
scoping review (Ehrich et al., 2002) examining the extent, scope and nature of the literature dealing with CCA indicators and 
metrics. Using scoping-review protocol (Arksey & O'Malley, 2005), bibliographic databases were examined (for the years 2005 
to 2015), using key words, in both English and French, dealing with the measurement of progress in public CCA efforts in 
coastal areas. We also considered government CCA strategies adopted in 7 countries (UK, USA, France, Australia, New Zealand, 
the Netherlands, Canada). In all, 165 documents were selected and analyzed and more than two hundred indicators were 
looked at. 



Our analyses point out the still embryonic and contradictory nature of a large number of CCA measurement indicators. The 
development and selection of indicators and indexes capable of measuring CCA progress continue to face difficulties linked to 
controversial tradeoffs between users and to the strategic weighting needed to identify which inputs, outputs or outcomes are 
to be measured and given priority. The contradictions concern the measurement of tangible (versus intangible) effects, 
measurable (versus diffuse and latent) effects, specific (versus composite) effects, long- and medium-term (versus short-term) 
effects. Our results also identify the operational difficulties of vaguely defined, ever-changing concepts and paradigms in order 
to recognize the changes attributable to CCA programs. The governance of monitoring indicators and metrics also poses 
management and accessibility problems in several of the countries and regions examined. 
 
 
Evolution in adaptation framing: implications for planning and tracking adaptation 
 Webb 
Australian National University, CANBERRA, Australia 
 
The presentation evidences how adaptation framing has evolved significantly over the last two decades, and the implications 
for planning and identifying success of adaptation initiatives, as well as the ability to track progress over time, whether for an 
individual project, or collectively at various scales (international, national, sector, region, organisation). 

The main dimensions of adaptation framing, and the typical �generations' of adaptation practice and framing that have 
emerged over time, are identified. The analysis draws on major syntheses including the five IPCC assessments from 1990 to 
2014; analysis of a wide range of Australian projects; and a number of urban adaptation case studies internationally. 
Tracking progress requires some clarity as to the intended adaptation outcomes. Central to this is the issue of how adaptation 
initiatives are framed and scoped. It has become increasingly clear that there are many legitimate choices in how adaptation is 
framed in practice; and that no one framing is most appropriate for all purposes. 
Building on earlier research (e.g. Smit et al 2000, Fuenfgeld,Webb&McEvoy 2012), and the analyses referred to above, four 
interrelated dimensions of framing are identified, within each of which the framing and scoping choices can be systematically 
captured through a series of key questions: 
Overall rationale and boundaries to be adopted (why adapt? adapt to what drivers? what systems need to adapt?) 
Potential adaptation responses and agency to be included (how to adapt? who adapts?) 
Adaptation processes and methodologies to be considered (how to manage and evaluate the adaptation issues?) 
Adaptation knowledge and engagement to be sought (what is the range of knowledge sources and stakeholder engagement to 
be invoked?) 
Within each of these dimensions and sub-questions there is a range of framing and scoping choices, and, in each case, it has 

been possible to identify the evolution in recent decades through several �generations' of theory and practice. Indeed the 
evolution of adaptation framing over time is itself an interesting aspect of the progress of adaptation. 
However, notwithstanding the significance of framing, most conceptual discussions address only one or a few of the above 
component questions, and even the most developed adaptation processes provide little practical guidance on how to make 
effective framing choices. 
The more holistic understand of framing, informed by insights from the dramatic growth in research, policy and practice 
around the world, provides an opportunity to advance both conceptual and practical aspects of adaptation planning, 
implementation and tracking. 
 
 
Understanding the development of climate change adaptation in Taiwan - the assessment of two national policies 
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The issue of climate change and climate adaptation has gained considerable attention in planning decision-making in Taiwan. 
Two national policies were presented in this context. The Adaptation Strategy to Climate Change in Taiwan was published in 
2012. It defined eight dimensions of future development that are particularly related to climate adaptation as well as the 
responsible authorities at the national level. The Local Adaptation Plan to Climate Change was presented later to guide spatial 
development at the local level. Under this legitimate framework, however, implementation of climate adaptation seems 
remaining abstract. This rises up a need to examine the way in which the policies are formed and correlated. 
The paper discusses the development of climate adaptation in Taiwan by examining the content and the discourses of the two 
policies. The discussion is divided in two steps. The first step defines the pathway of climate adaptation in the Taiwanese 
context through literature review. This clarifies the indicators for assessment. The second step, the assessment of the policies, 
is addressed in terms of interviews, policy review and discourse analysis. The result will not only point out the mismatch of the 
policies but also recommend practical approaches for implementation. 
 
 
Evaluation and comparison of adaptation actions: a diagnostic and process-oriented approach 
 Vinke-de Kruijf 
University of Osnabrück, OSNABRÜCK, Germany 
 
This contribution addresses conceptual and methodological questions related to the evaluation of climate change adaptation 



actions, including: How to assess the merits of adaptation actions and how to systemically compare them? 
Climate change adaptation actions provide a new and challenging evaluation domain for which only recently the first 
monitoring and evaluation guidelines appeared. Generally speaking, to evaluate and compare adaptation actions is challenging 
as the causal linkages between an adaptation action and its effects are difficult to establish. Among the reasons for this are 
that actions are implemented in response to both climatic and non-climatic changes and can take different forms (including 
adjustments to a specific system, the governance system or the wider biophysical and socio-economic environment). 
Moreover, long-term effects are likely to be distributed among multiple sectors, levels and scales and uncertain as the impacts 
of climate change are yet uncertain. In our current research, we try to overcome the presented difficulties by regarding an 

adaptation action as an on-going and iterative process with �climate change adaptation-oriented learning' as key outcome. 
Building on diverse literature streams, we designed a multi-level framework to assess and compare learning processes and 
outcomes as they may occur within the context of cooperative European projects. The framework asserts that climate change 
adaptation-oriented actions may contribute to learning at the micro-level of interacting actors (group learning), the meso-level 
of organizations with a role in climate change adaptation (organizational learning) and the macro-level of the structural 
network, governance and societal contexts (network and societal learning). To allow for the systemic comparison of learning in 
different cases, while doing justice to their complex and context-specific nature, we use Qualitative Comparative Analysis as a 
research approach and technique. This method basically helps a researcher to identify what (combinations) of conditions 
produce a certain outcome.  

As adaptation actions are complex and context-specific (i.e. there is no �one size that fits all'), diagnostic approaches and 
methods (like Qualitative Comparative Analysis) are needed to explain climate change adaptation. The presented approach 
and framework is an example of such a diagnostic approach. As evaluations ideally pay attention both to process and outcome 
indicators, one of the challenges for future research would be to combine a process-oriented evaluation approach (as the one 
presented here) with an outcome-oriented approach that pays attention to whether an intervention contributes, for example, 
to the reduction of a particular vulnerability. 
 
 
The dynamics of local climate change adaptation in Portugal: tracking down action in front-runner municipalities 
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Municipalities are on the front line of climate change adaptation process. They are closer to communities, responsible for 
provision of critical services and often more innovative and quicker in responding to local needs. Moreover, strategies 
designed locally reflect specific local circumstances and should make adaptation more effective. However and despite the 
recent surge in adaptation strategies at all levels of governance there are recognized barriers to adaptation at the local scale. A 
deeper understanding is required as to what local adaptation means, how it is being deployed in practice, and what needs to 
change in decision-support and -making frameworks to move it forward. In this presentation we will discuss how adaptation 
practice has recently evolved in three Portuguese municipalities - Sintra, Cascais and Almada - usually seen as front-runners 
because they were among the first in the country to adopt a municipal climate change strategy or plan. Despite the short 
timeframe mediating these strategies, they vary significantly in the degree to which adaptation was explicitly included as a 
formal response to climate change. Whilst the first one (Almada in 2007) focused primarily on mitigation action, the second 
(Sintra in 2009) aimed at sectoral-driven vulnerability and adaptation assessments, and the later (Cascais in 2010) added an 
integrated adaptation assessment to the sectoral analysis. Despite their differences, all three municipalities have reported that 
their climate change strategies served as a practical springboard to adaptation related action, while acknowledging existing 
barriers and varying degrees of effective application. We shall review and compare the three cases on some of the dynamics in 
the adaptation process: key drivers, barriers, interdependencies with other challenges, and types of decisions made. We shall 

also use this review to advance the understanding of what local (municipal) adaptation �means' along the three challenges 
proposed for the session: conceptual, by comparing what adaptation meant as a public policy for each of the municipalities 
since the adoption of their strategies/plans; methodological, by tracking similarities across the decision-support activities 
applied in each case (e.g. use of indicators, sectors, costing methodologies); and practical, by systematising this tracking 
exercise over a period of five years and reflecting on emerging lessons regarding standardisation. This work is carried out 
under the frame of the ClimAdaPT.Local project (EEA grants - AdaPT). 
 
 
Using transient scenarios to support dynamic adaptation to climate change 
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It is increasingly recognized that adaptation to climate change is a dynamic process over time instead of a static single moment 
decision. The approach of Dynamic Adaptation Policy Pathways (DAPP) aims to support policy makers and analysts with this 
process through the development of an adaptive plan. It considers a portfolio of adaptation options that are used in storylines 
of changing boundary conditions over time and sequences of events that may trigger adaptation options. By exploring an 



ensemble of storylines, path-dependency of actions is disclosed, enabling policy makers to recognize potential �locked-in' 
situations and identify the flexibility and robustness of decisions. 
We show how transient scenarios can be used in several steps of a dynamic policy planning approach (such as DAPP). Transient 
(time-dependent) scenarios for climate adaptation describe developments over time that cannot be influenced by the actor(s) 
under consideration. The added value of using transient scenarios is illustrated by a case on river management in the 
Netherlands: 1) Raise awareness about a) the implications of climate variability and climate change for decision making and b) 
the difficulty of finding proof of a changing climate in relevant variables for water management; 2) assessment of when to 
adapt by identifying adaptation tipping points which are then used to explore adaptation pathways, and 3) identification of 
triggers for climate adaptation. 
Both the timing of adaptation and the identification of triggers need a large ensemble of scenarios. Simulating impacts of such 
an ensemble requires models with a sufficiently short run time. Our results show that transient scenarios are helpful in taking 
into account both climate change and natural variability in climate adaptation decision making. From a policy perspective it 
seems logical to select triggers that are related to norm values, objectives or acceptability values as these are the values for 
which the policies are evaluated upon. However, these are often too extreme to detect (systematic) trends. Our results show 
that alternative trigger indicators - not necessarily policy related - can be used as signals for change instead. 
 
 
Tracking adaptation to climate chance across scales: avenues and practical approaches 
 Leiter 
GIZ, ESCHBORN, Germany 
 
As climate change continues to unfold, preparing for its observed and projected impacts has become a priority for many 
governments. More than 30 countries have already adopted climate change plans or strategies, some of them specific to 
adaptation (Townshend et al., 2013). Increasing volumes of international climate finance are continuously raising the level of 
adaptation action on the ground. Yet, systematic ways to track adaptation actions and their results are still largely absent, 
making it difficult to assess whether current adaptation efforts are sufficient given the level of anticipated climate change 
impacts. 
Several countries have started developing national adaptation M&E systems most of which are still at an early stage (Leiter, 
2013; compare also the typology by Ford et al., 2013). Whilst the majority of adaptation M&E systems reviewed by Hammil et 
al. (2014) employ quantitative indicators, only few of them actually measure the effectiveness of adaptation. Moreover, they 
are typically focused on the national level without any linkages to subnational adaptation actions. Given that adaptation takes 
place at multiple scales, a complete picture of the adaptation progress can only be established if information on adaptation 
from national and subnational levels is combined. 
The research to be presented has identified three avenues of how tracking of adaptation activities can be connected across 
scales. Each avenue can be operationalized in different ways (approaches) which are illustrated through practical examples. 
The South African government, for instance, has launched a national climate change response database which provides details 
of adaptation projects by government agencies and NGOs. The database is supplemented by a national indicator framework 
and larger cities are expected to report their adaptation work under the Durban Adaptation Charter. Other attempts to link 
local and national adaptation M&E systems are underway in Kenya, Mozambique and Mexico. Once operational, these M&E 
systems could shed light on how actions taken at one scale affect actions at another and thus help uncover barriers to 
adaptation. Getting a more accurate picture of adaptation interventions and their results also provides an important basis for 
assessing whether adaptation in a given country, and subsequently globally, is sufficient in light of expected climatic changes. 
The research is informed by the author's work at GIZ's Competence Centre for Climate Change which supports several 
government agencies in developing adaptation M&E systems including in South Africa, Mexico, Cambodia and Brazil. 
 
 
The Landscape of Adaptation Finance 
 Trabacchi 
CPI, VENICE, Italy 
 

Current efforts to mitigate greenhouse gas emissions remain insufficient to limit global temperature rise to 2 �C, the 'target' 
agreed by the world's governments in Copenhagen (2/CP.15), and certain climate change impacts cannot be avoided. 
Therefore, ambitious adaptation measures are essential. Adaptation finance - financial support for adaptation activities - has 
been recognized a pivotal element toward this end since the outset of the international climate negotiations. 
At present, there is no integrated centralized system for collecting and assessing relevant sources of climate finance, and no 
agreed basis or methodology for comprehensive measurement. As a result, policy- and decision-makers have limited 
understanding on the volume, nature and use of the resources made available to support developing countries' adaptation 
needs. The current information gap on adaptation finance flows is an impediment to accountability and the provision of 
quantitative-based evidence supporting adaptation policy and investment decision-making.  
This study sought to develop the first comprehensive analysis of financial resources invested in adaptation measures, to 
provide a baseline on which to build to measure progresses as well as improve current tracking approaches. 
Drowning from a wide variety of primary and secondary sources the study finds that in 2011/2012 public institutions from 
developed countries committed at least USD 10-15.8 billion for activities aimed at reducing the vulnerability of developing 
countries to climate-related risks. 
The study highlights that these estimates remain uncertain due to lack of consistent definitions and harmonized accounting 



methods and reporting approaches across data sources. This hinder the comprehension of the true magnitude and nature of 
flows, thereby the ability of policy makers to address investment gaps. The study pin points to improvement in current climate 
finance tracking systems.  
 
 
Adaptation of Legal Framework to Combat Climate Change in India 
 Joshi 
Institute of Development Studies, JAIPUR, India 
 
India is facing challenge of sustaining rapid economic growth while dealing with the global threat of climate change. The threat 
mainly is from increasing greenhouse gas due to industrialization, automobile, intensive agriculture, reduction in green cover 
and high consumption life styles. This phenomenon may alter the distribution and quality of India's natural resources and 
adversely affected the livelihood of its people. Recognizing this fact and knowing that climate change is a global challenge, 
India has entered actively in multilateral negotiations in the UN Framework Convention on Climate Change, in positive, 
constructive and forward-looking manner. 
India signed the United Nations Framework Convention on Climate change (UNFCCC) on June10, 1992 and ratified it on 
November 1, 1993. It ratified the Kyoto Protocol on August 26, 2002, with the objective to establish an effective, cooperative 
and equitable global approach based on the principal of common but differentiated responsibility, enshrined in the UN 
framework. 
India is one of the leading developing countries in so far as having incorporated into its Constitution the specific provisions for 

environmental protection in year 1950. Article 48A of the Constitution of India provides that �the State shall endeavor to 
protect and improve the environment and to safeguard the forests and wild life of the country'. Similarly, Article 51A (g) makes 

it obligatory for every citizen of India, �to protect and improve the natural environment including forests, lakes, rivers and 
wild life, and to have compassion for living creatures.' Despite the fact that India's contributions to greenhouse gas emissions 
are very small, the Government of India has taken many measures to improve the situation in this regard. India has initiated 
several climate-friendly measures, particularly in the area of renewable energy. It has one of the most active renewable energy 
programmes besides having a dedicated Ministry for non-conventional energy sources in general and mitigation of greenhouse 
gases in particular. 
This paper is an attempt to provide an overview of the legal framework for combating climate change in India and to examine 
the existing environmental law and policies which can reduce greenhouse gas emissions. It reviews existing national legislation, 
relevant overarching policies in the environmental field so as to reduce their impact specifically on climate change. 
 
 
Bridging the QUAN/QUAL divide in comparative climate change planning 
 Driscoll 
Aalborg University-Copenhagen, COPENHAGEN, Denmark 
 
This paper outlines the challenges and possibilities of combining systematic review and fuzzy-set Qualitative Comparative 
Analysis (fsQCA) (Schneider & Rohlfing, 2013) in order to utilize probabilistic hypothesis testing and development methods, 
thereby beginning to systematically posit, test, evaluate, and improve the understanding of the causal mechanisms that 
underlie both mitigation and adaptation planning within urban and regional planning. Within the field of climate change 
planning, there is a large and growing body of single and small-N case studies that have been conducted using incompatible or 
indistinct theoretical foundations, using disparate data collection and analysis methods, and lacking a consistent approach to 
the use of basic terminology and concepts. A central concern of this paper is to explore how mixed methods research (MMR) 
techniques found in comparative sociology, comparative political science, sustainable mobility policy transfer and integrated 
land use-transport science may be applied in the field of comparative climate change planning. 
 
 

7. Social science and participation  

7.1 Social science support to adaptation strategies 

The Two Faces of Social Capital in Private Flood Mitigation: Opposing Effects on Risk Perception and Response Capacity 
 Babcicky, Seebauer 
University of Graz, GRAZ, Austria 
 
Current projections of socio-economic developments and climate change show that economic losses due to flooding are 
expected to increase manifold by 2050. Considering that most losses occur in residential areas and that public budgets face 
severe constraints, households are urged to take private action complementary to public flood mitigation. Despite the rapidly 
growing literature on factors that drive households to take protective action, little is known about how social capital - the level 
of social cohesion and trust within local communities - influences how households perceive and cope with flood risks. 
This study presents empirical findings from a survey among 226 flood-prone households in two Austrian Alpine municipalities, 
both recently affected by riverine flooding. We show that social capital cuts both ways: On the positive side, social capital 
increases self efficacy and provides critical support during and most notably after flood events. On the negative side, social 



capital reduces flood risk perception. Whereas existing social ties appear to be effective when responding to and recovering 
from floods, the expectation of social support might downplay risk, making it less likely that households engage in 
precautionary action. These effects of social capital hold true even when controlling for other drivers of risk perception and 
self-efficacy, such as socio-demographics or flood risk zone. 
Our findings provide useful insights for future risk governance and risk communication. Complementary to current practices, of 
which many are limited to the communication of potential risks and coping strategies, a more integrated approach would 
address the underlying community structures between citizens, neighbours and volunteer emergency services to strengthen 
flood resilience. However, when bolstering social capital, risk managers need to be aware that flood prone households may be 
lulled into a false sense of security if they do not receive as much social support as expected in case of flooding, or if flood 
impacts exceed social adaptive capacities of communities. 
 
 
Risk perceptions on cross-regional coastal pollution in the context of climate change - A case study of Hakka community of 
Taiwan 
 Chiang 
Chinese Culture University, TAIPEI, Taiwan 
 
The ocean is closely related to human development. However, constant exploitations of the ocean render numerous present 
challenges, such as driftage pollution and deteriorating coastal habitats. At the end of March 2012, several hundred packs of 
herbicides drifting across the Taiwan Strait were discovered along the coastline of Taoyuan County, Taiwan. This study aimed 
to determine the risk perceptions of coastal Hakka residents in Guanyin District on the pollution risks of cross-regional driftage 
in the context of climate change. Based on scientific confirmation on drift paths across the Taiwan Strait, residents were 
interviewed and on-site surveys were conducted for verification. The Driver-Pressure-State-Impact-Response (DPSIR) causal 
framework was applied in interview design and to analyze and assess risk perceptions faced with environmental and future 
climatic change. The results showed that the local residents demonstrated resilience toward environmental adversity. We 
determined whether this ethnic trait contributes to their adaptive behaviors to environmental change. As adaptive behaviors 
are the derivatives and embodiments of risk perceptions, the local residents exhibited high impact perceptions because they 
often come into contact with the ocean, which facilitated the (trans)formation of their knowledge and skills regarding the 
ocean. That is, Hakka people develop strong adaptability to environmental change through constant interaction with the 
environment. This ethnic trait is considered to be derived from their traditional values and contributes to enhancing resident 
and community adaptive capacity to environmental disturbance in a changing climate. We conclude that the impacts of 
climate change have already garnered tremendous attention worldwide and will further elevate the overall environmental 
risks in Taiwan. It is important to necessitate local residents to familiarize themselves with the government's coping strategies 
and learn to respond to such risks. Furthermore, cross-regional environmental impacts should be appropriately coordinated 
through communication and negotiation to attain a consensus on raising community awareness of climate change. 
 
 
Learning from extreme weather events in German utilities: how sensemaking influences private adaptation 
 Hoffmann
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Climate change causes direct and indirect risks for businesses and results in a need for private adaptation (Busch 2011; 
Linnenluecke et al. 2013; Weinhofer & Busch 2013). A precondition for dealing with climate change is that companies 
recognize and make sense of climate change related risks (Linnenluecke et al. 2011). Based on a conceptual background in 
sensemaking (Weick 2001; Weick et al. 1995; Maitlis & Christianson 2014) and learning from rare events (Lampel et al. 2009; 
March et al. 1991; Starbuck 2009) we conducted case studies in two German utilities (Energy and Railway). 
The case studies show that both utilities have already suffered from extreme weather events. However, they do not yet 
perceive these as a sign of broader climate change. Both utilities are currently convinced that they are well prepared to deal 
with climate change impacts and they perceive climate change as a manageable risk that can mainly be treated by technical 
measures. They rely on established behavior and ignore that climate change may lead to discontinuities and massive change, 
which cannot be dealt with by current strategies. This perception is enforced by a strong dependency and reliance on 
standardization and a regulatory environment that rather supports efficiency than reliability. 
The utilities show typical patterns that constrain learning from rare events such as cautious action, wishful thinking or 
searching for more data (see Starbuck 2009). Moreover we show that the utilities shift responsibilities to other actors 
(standardization organizations, regulating authorities) and use missing action from others as a reason for their own inaction. In 
stressing the responsibility of others, the utilities treat climate change impacts as an external problem that cannot be 
influenced by internal action. 
Practical implications from our research are that external triggers (e.g. changes in standards or regulation) and external 
support may help to create a willingness to act on climate risks and that changes in standards are a suitable approach to 
support private adaptation. 
 
 
Decision making in commercial fishers: An application of the socio-cognitive model of proactive private adaptation to 
climate change impacts. 



 Boynton, Tobin, Nicotra 
James Cook University, TOWNSVILLE, Australia 
 
Background: The socio-cognitive model of proactive private adaptation to climate change provides a framework for 
understanding and predicting individual adaptation intentions and behaviours. The model suggests that factors such as risk 
perception, perceived adaptive capacity and objective adaptive capacity influence the formation of adaptation intentions. Few 
studies have explored the process of decision making in adaptation behaviours of commercial fishers, therefore the aim of this 
study was to explore if the socio-cognitive model is useful in this population.  
Methods: Findings from this study come from a collaborative project between James Cook University, the Commonwealth 
Scientific Industrial Research Organisation, the Department of Fisheries and Forestry and the Queensland Seafood Industry 
Association. A sample of 206 commercial fishers operating on the Queensland East Coast completed the survey. Survey items 
covered demographic information, questions about adaptation and past challenges, and economic information such as 
income, costs and debt. From this survey items relevant to the socio-cognitive model of proactive private adaptation to climate 
change impacts were included in the analysis.  
Findings: Results of this study provide support for the use of the socio-cognitive model in predicting adaptation intentions of 
commercial fishers. 
Discussion: Applying a decision making model of adaptation (such as the socio-cognitive model used in this study) to 
individuals in the commercial fishing industry has implications for policy and intervention development. By developing a better 
understanding of the psychological variables of the model and how they lead to adaptive or maladaptive responses, 
researchers and policy makers can better design and implement interventions to increase the uptake of adaptive behaviours 
and inhibit the performance of maladaptive behaviours.  
 
 
We forgot half of the population! An anthropological investigation of the significance of gender in energy renovation 
projects. 
 Tjørring 
SE/University of Copenhagen, FREDERIKSBERG C, Denmark 
 
High energy consumption is an on-going problem for the Danish government's climate plan of getting 50% of the electrical 
power consumption to come from wind mills by 2020 and making the country's energy supply fossil free by 2050. 
An increasing focus point is the private households that account for 25% of the total energy consumption. The greatest 
potential for lowering the energy consumption in the private households is getting people to make an energy renovation of 
their house. So far the effort has been concentrated around economic incentives and technical home solutions in order to 
make it as easy, comfortable and economical as possible to choose an energy renovation. 
Although the present effort is successful in many aspects, it has also served as a constant reminder of how little is known about 
what happens inside these private homes and how people in their everyday lives practice and make decisions about their 
home. This paper explores everyday life inside these homes. 
 The paper is based on an anthropological fieldwork study of ten families in the municipality of Sonderborg, Denmark. They are 
followed on their journey of decision-making in the process of receiving free energy advice to experiencing what in many cases 
end as an energy renovation project in the home. 
 The research indicates that gender plays a significant role in the decision making process. Energy is seen as the man's province 
both by men, women and tradesmen, and it is most often expected that it is the man who reads the meter and controls the 
decision making process about energy matters. However, on an everyday basis both man and woman are users and co-
creators of their home. Albeit having different practices and preferences within the house, they constantly meet, influence 
each other and negotiate their ideas and preferences. The reason why energy has obtained its rather curious status as the 
man's province is most likely because it has become entangled in a net of technicality. Energy is associated with cavity wall 
insulations, polycrystalline solar cells, vapour barriers etc., and women are made/make themselves passive, when confronted 
with these technicalities. 
 Taking gender into consideration rather than merely focusing on economic incentives and technical home solutions can help 
create social innovative answers to promoting energy renovations in private households. It calls for focusing on communicating 
with the women. There is an unexplored potential for targeting the forgotten 50% of the population. 
 
 
Regime shifts and land-use adaptations to climate change and variability in semi-arid lands around Mt Kenya: A spatial and 
temporal cross-scale synthesis 
 Washington-Ottombre
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In a context of climate change coupled with limited public investments, it is crucial that policy makers in rural Sub-Saharan 
Africa precisely identify the geographic areas where help is most needed to maintain sustainable land-use systems. However, 
land-use modeling often tends to downplay small-scale specificities and the social processes that explain landscapes' 
disparities beyond physical attributes. In order to address those issues, this work proposes to study landscapes' dynamics and 
regime shifts applying a spatial and temporal cross-scale modeling approach to the study of the slopes of Mt. Kenya (Kenya). 
This case study on an elevation gradient combines life-stories interviews, archival work, and aerial photography to 



retrospectively model the adaptation of land-use practices and land-use responses to climate variability from 1920 to 1990. In 
an effort to develop scenario-based approaches for 2030 that fully incorporate social dynamics in a context of climate change, 
we develop a neural net model integrating a climate and crop model, interviews of local leaders, a survey of 350 farmers along 
the slope of Mt Kenya, role-play simulations, as well as a social network analysis. 
Our model projects a transition from homogeneous and clearly defined land-use zones over the elevation gradient to a 
heterogeneous land-use and crop diversification supported by local rural institutions and social networks in response to 
climate change and variability in 2030. To achieve this, our model takes into account both local social and land-use dynamics 
and scales-up those adaptations to the regional level. In addition to projecting future land-uses in a context of climate changes 
and variability, this multi-method cross-scale analysis results in identifying landscape's dynamics. Furthermore, it allows us to 
define the slow and fast variables as well as the functions and feedbacks of this social-ecological system. We also shed light on 
critical tipping points and the diffusion of regime shifts from the local to the regional scales between 1920 and 2030. 
 
 
Wading Past Assumptions: Gender Dimensions of Climate Change Adaptation in Coastal Communities of the Philippines 
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Climate change is expected to have a broad range of impacts on social and ecological systems. In developing countries, climate 
change will affect men and women differently. However, the type, extent and implications of these differences for the most 
part lack contextual, empirical support. This study examines the gender dimensions of climate change adaptation (CCA) in 
fishing villages of the Philippines. It seeks to 1) Identify and challenge assumptions about women and climate change 2) 
Examine beliefs, values, perceptions of risks, resource dependency, and awareness associated with climate change, and 3) 
Evaluate the implications of gendered relationships with fisheries and the environment. Social surveys were administered 
randomly to marine resource users in 30 coastal villages within three Philippine provinces (Palawan, Occidental Mindoro, and 
Batangas). Findings indicate that women felt less connected to nature, were more risk tolerant, and were equally inclined to 
conservation attitudes as men. Women and men were also equally aware of climate change. Women were more aware of CCA 
plans, but less likely to attend outreach activities. The results offer insights that dispel certain generalizations and present 
opportunities for improved integration of both men and women in effective CCA. 
 
 
Charcoal production in Tanzania: exploring the role of migration in adaptation and maladaptation 
 Blocher 
Center for Ethnic and Migration Studies (CEDEM), LIÈGE, Belgium 
 
Studies in parts of East Africa have suggested that landless internal migrants, along with the poorer segments of urban 
populations, are the main producers of charcoal, while wealthier individuals and groups take the roles of distributor and 
retailer. This hypothesis was supported by Sander (2004) in an empirical analysis among rural households in Madagascar. One 
study conducted in a charcoal-producing area of Eastern Tanzania (Gwata area in Morogoro Region) found about 60% of 
charcoal makers were migrants from other parts of the country (Zahabu 2001). One possible explanation, put forward by Afifi 
et al. (2014: 57) is that firewood sales and charcoal production are among the coping strategies for livelihood diversification 

employed by �medium' wealth groups, along with selling of assets, brick-making, and migrating to seek better pasture or 
labour opportunities. Whether migrants bring skills and knowledge of charcoal production with them or learn them upon 
arrival, and the influence of migrants' socio-economic situation on choosing this livelihood (Malimbwi & Zahabu, 2009), 
remains relatively unexplored. Charcoal production and felling of trees for fuelwood are proximate causes of deforestation. 
Based on research conducted in-country in February 2015, this paper seeks to explore the role of migrants in charcoal 
production in Tanzania, specifically: What (if any) characteristics do charcoal producing migrants have that set them apart from 
other migrants, or non-migrants in similar situations, namely, poorer segments of peri-urban populations? What (if any) 
characteristics do migrant charcoal producers share, prior to becoming charcoal producers? Under what condiditions does 
migration contribute to the resilience of migrant households ('successful' migration) and under what conitions could it be 
considered it a maladaptive strategy, by eroding household resilience and/or detracting from others' adaptive capacities? 
Increasing demand for charcoal over other sources of fuel, population growth, and other important issues related to 
deforestation and environmental degradation that merit further consideration, to add to a number of existing investigations 
(c.f. Mwampamba, 2007; Msuya, 2011). The questions above choose to focus on the potential role of migrants and migration 
in charcoal and fuelwood production in order to shed light on this relatively unexplored facet. 
 
 
Operationalising resilience thinking: challenges and opportunities 
 Cradock-Henry 
Landcare Research, LINCOLN, New Zealand 
 

�Resilience thinking' provides conceptual and theoretical tools well suited to exploring linked social-ecological systems, and 
responses to external stressors. It is increasingly employed in research relating to natural resource management and global 

change issues. There is a need however, for more practical guidance on how to operationalize �resilience thinking' for land 



management, in order to ensure its relevance for policy and decision-making. Drawing on recent and ongoing work with 
primary producers and sector organizations, as well as international colleagues, this presentation will explore the practical 
applications of resilience with particular emphasis on sustainable land management and agriculture, using examples from New 
Zealand. In projects as diverse as climate risk management in dairying, through to sustainable community livelihoods, we are 
developing novel approaches and new insights into how to apply resilience thinking to achieve sustainable use of land 
resources, and support systems better prepared to withstand shocks and stressors. The presentation will include examples 
from work on developing indicators for resilience in dairying; characterizing thresholds and tipping points in sheep and beef 
land-management systems, as well as the ways in which our science in this area is informing international policy and practice. 
This work is building capacity in the study and assessment of linked social-ecological systems, and has the potential to inform 
research in a number of different areas including freshwater reforms, sustainable land-management and biodiversity and 
conservation. 

7.2 Decision support in climate change adaptation – Supply and demand side perspectives 

Supporting adaptation decision-making in the Netherlands: learning through effective monitoring and evaluation 
 Harley
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This presentation outlines a project commissioned by the Dutch Government to establish a monitoring and evaluation 
framework to support decision-making in relation to its new National Adaptation Strategy (which should be adopted in early 
2016) and the adaptation components of its Delta Programme (implementation of which began this year). 
Ongoing monitoring and evaluation of these commitments is essential to support decision-makers in planning for and 
implementing adaptation as climatic and other conditions change over time. Monitoring and evaluation will: test the validity of 
underlying scientific assumptions; review the appropriateness of policies, measures and actions; ensure the effectiveness, 
efficiency and overall utility of processes and outcomes; and capture feedback and learning to inform revisions within 
successive policy cycles. 
The Dutch monitoring and evaluation framework embraces the principles of good adaptive management and includes, in its 
first phase, significant opportunities for reflection and learning. It draws on a range of theoretical and practical approaches to 
monitoring and evaluating adaptation that have been developed both for the European Union and in its member states. The 
framework comprises five design features: (i) it focusses on key sectors; (ii) it monitors progress; (iii) it considers change and 
uncertainty; (iv) it evaluates the effectiveness of processes and outcomes; and (v) it captures learning. 
Adaptation indicators are a cornerstone of the framework's delivery. Process-based indicators will monitor the ongoing policy, 
institutional and governance processes required to build capacities to develop and implement adaptation policies, measures 
and actions. Outcome-based indicators will assess the effectiveness of the adaptation effort, once measures have been put in 
place and the resulting actions given sufficient time to take effect. By capturing data at specified points in the policy cycle, 
these indicators will inform decisions about adjustments needed to policies, measures and actions, and to governance 
structures and institutional/sectoral roles and responsibilities, in successive policy cycles. 
The monitoring and evaluation framework is currently being harmonised with adaptation initiatives in the Delta Programme 
(flood protection, fresh water supply, and the urban environment) and tested on these and on two policy areas/sectors in the 
National Adaptation Strategy (agriculture and nature). The lessons learned from these tests will later be applied when 
broadening the scope of the framework to encompass other policy areas/sectors (e.g. energy, fisheries, health, international 
policies/trade, ICT, and transport and infrastructure). This will require the involvement of a wider range of institutions, 
including regional and local authorities, the private sector and societal organisations. 
 
 
A decision tool in practice: Experiencing deep uncertainty that changed the game 
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The dynamic adaptive policy pathways (DAPP) approach is a decision tool that aids communication and management of deep 
uncertainty. In New Zealand, governance and institutional settings that address climate change risk are fragmented across 
scales and functions within and between responsible agencies and driven by a legacy of professional specific practices that are 
not well integrated. Consequently, decision makers and policy analysts are struggling with anticipating increasing flood risk and 
sea level rise effects that exhibits deep uncertainty. We have applied the (DAPP) approach to a flood risk context in a local 
government setting with practitioners across functional areas. 

The �Sustainable Delta' serious game was used to �socialise' the approach and experience making decisions under 
uncertainty. This was used to discuss flood risk management options. The effect of the game on subsequent responses and 
decision making on options was a change of course that involved practitioners and elected decision makers. Using questions 
such as what each option is vulnerable to; what conditions could make the option fail and when; what path-dependencies 
does each option set up; what other decisions affect each option; we built a picture of the issues that influence decision 



makers in real world decision situations. This has salience for how to communicate deep uncertainty in practice and for 
understanding the value of the information used in planning instruments for anticipating risk from changing climate. 
Experiencing deep uncertainty changed the game. 
 
 
Development of a tool for the prioritization of measures and policy instruments for climate adaptation 
 Blobel
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Prioritizing adaptation measures in a bundle of options is a key challenge when developing adaptation strategies. In Germany, 
long deliberations over the selection of an adequate methodology of prioritization already took place during the development 
of the first national adaptation action plan of 2011. However, the first adaptation action plan was largely drawn up in an 
additive manner, rather than on the basis of a systematic analysis of challenges and needs for action. 
For the first update of the Adaptation Action Plan, due in 2015, the aim is to propose and select measures in a more systematic 
way. Among others, the project 'Policy Mix for an updated Adaptation Action Plan in Germany' was intended to provide 
scientific support to achieve this goal. 
Based on existing prioritization approaches and sets of criteria for adaptation measures, the project team developed the Excel-

based �Prioset' tool to assess and prioritize adaptation measures along with potential policy instruments to instigate, 
support, or prescribe such measures. The assessment essentially consisted of a multi-criteria analysis for which a set of criteria 
was developed on the basis of existing approaches. The project included methodological steps to refine and operationalise 
these criteria. 

The presentation at the ECCA Conference will highlight essential features of the assessment tool developed in the �Policy Mix' 
project and discuss challenges associated with designing and implementing such a tool as a support for decision making. Inter 
alia, the following issues will be addressed: 

� Is it possible to design a tool that is simple enough to be understood and applied by external users but at the same time 
complex enough to allow a differentiated and meaningful assessment? 

� To what extent is it at all possible to apply a standardized and transparent method consistently to come to an agreed set of 
adaptation measures? E.g., political agendas as well as expert opinion and discussions have a prominent role in shaping 
decisions but can hardly be integrated in an assessment tool in a satisfactory way. 

� In order to apply the prioritisation tool, a pre-selection of options needs to take place for analysis by the tool. Who is 
responsible for the pre-selection process and on what basis can it be carried out? 
 
 
Decision support for adaptation at European level - The European Climate Adaptation Platform (Climate-ADAPT) 
 Mattern, Isoard, Georgi 
European Environment Agency, COPENHAGEN, Denmark 
 
Decision support tools on adaptation to climate change assist decision making under uncertain future framework conditions 
and considering long-term perspectives. The web-based European Climate Adaptation Platform (Climate-ADAPT), launched by 
the European Commission in March 2012, is one means of supporting planning and decision making on adaptation at 
European, transnational, national and local levels. Within the platform the 'Adaptation Support Tool' offers assistance to 
decision making covering all steps of the adaptation policy cycle, such as impacts of climate change, adaptation 
planning/implementation and monitoring/evaluation. Furthermore, in October 2014 the 'Urban Adaptation Support Tool', 
developed in the frame of the Commission's 'Mayors Adapt Initiative' has been published on the platform, offering tailor-made 
guidance on adaptation in cities. Beyond these specific tools there is a lot of additional knowledge and information available to 
organisations providing support for decision makers on adaptation. Climate-ADAPT contains information on observed and 
expected climate change in Europe; vulnerability of regions and sectors at present and in the future; transnational, national 
and city level adaptation strategies and actions; adaptation options and inspiring cases of implemented adaptation actions and 
an overview of EU policy frameworks and processes. Climate-ADAPT is complementary to national climate change adaptation 
platforms that were launched the past years. The platform has already supported (sub-) national adaptation policy and action. 
3900 unique visitors per month (2014) use the platform and it is one of the most visited thematic EEA websites. One of the 
most visited pages is the Adaptation Support Tool. The decision support tools as well as the other information on the platform 
is used by many, but continuous efforts are needed to keep the information up to date and tailored to the needs of the target 
audience. After the launch of the Adaptation Support Tool it was revised in order to align it with EU Adaptation Strategy's 
Guidelines on developing adaptation strategies. In response to users the selection of supporting documents has been updated 
and a dedicated section on funding has been added. More efforts will be made to improve the section on monitoring, 
reporting and evaluation of adaptation policy and actions. In order to meet the needs of decision makers in Europe the further 
development of the whole platform is focused on the inclusion of urban information coming from the Mayors Adapt Initiative, 
the improved presentation of transnational and countries information as well as improved connections with Climate Services 
and Disaster Risk Reduction platforms. 
 
 
Evaluating a decision support tool with users from municipalities 
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In 2010, the German Federal Environment Agency published the online decision support tool 'Klimalotse' for supporting 
organisations in developing climate change adaptation strategies. As part of a research project, the use of the tool was 
analysed in the past 1.5 years. Following an analysis of online usage patterns of users of the tool, an in-depth interview series 
with actual and potential users within administrations of German municipalities was conducted. Based on findings from these 
and other research activities, the structure and content of the Klimalotse was reworked. 
Our presentation will focus on the findings from the interview series with representatives of municipalities, on how their 
feedback has reshaped the tool and - taking a step back - on the general benefits and difficulties of evaluating decision support 
tools. We will touch on the following questions:  
-How are decision support tools for adaptation perceived in German municipalities? More specifically, how is the Klimalotse 
perceived? 
-What demand and what requirements for decision support did the interview partners express? In how far is this matched by 
existing support tools, in particular the original Klimalotse as well as its updated version? 
-For what purposes have the interview partners used online support tools, particularly the Klimalotse? What were the results 
of these applications? 
-What are key barriers for thorough evaluations of online tools? Where did these barriers pose challenges in the evaluation of 
the Klimalotse? 
-What are the overarching conclusions from the research activities for the design processes and for features of future tools? In 
particular: how can tools be designed to facilitate on-going evaluation of their effectiveness?  
-What were the most common reasons for not using the Klimalotse or similar online support tools? 
Eventually, we would like to discuss the experiences other participants in the session have made with the evaluation of online 
decision support tools. 
 
 
BASE Evaluation Criteria for Climate Adaptation (BECCA) 
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This paper presents the BASE Evaluation Criteria for Climate Adaptation (BECCA), an outcome of the EU-FP7 project BASE 

(�Bottom-up Climate Adaptation for a Sustainable Europe'). BECCA is a framework that can be used to evaluate the 
implementation of adaptation policies and measures. It represents a comprehensive set of criteria from which the user should 
select those criteria that are relevant and salient in a concrete adaptation situation. As climate adaptation is highly context-
specific, a standard evaluation would not be able to capture this specificity. The idea with using BECCA therefore is that the 
users should tailor their own set of evaluation criteria on the bases of understanding the implications of the use of different 
criteria in different adaptation settings. 
BECCA is based on a review of existing frameworks and criteria sets for evaluating climate adaptation conducted at 
international and EU, Member States, sub-national and local level. We systematised these criteria, by grouping and showing 

interrelations between them. BECCA was �road-tested' with the BASE Adaptation Case Studies. On the basis of this feedback, 
we developed recommendations how and for which contexts the criteria can be used. With BECCA, we aim at contributing to 
attempts of upscaling and generalising the lessons learnt from context-bound adaptation initiatives. 
 
 
ClimateJust: decision support tool on socially just climate change adaptation for local authorities 
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It has been recognised that extreme weather events associated with climate change (for example flooding or heatwaves) do 
not affect all individuals and communities to the same extent. People's vulnerability - understood as the extent to which their 
well-being may be negatively impacted by such events - is influenced by their personal characteristics, their socio-economic 
situation and the character of the physical environment they are living in. Protecting the most vulnerable populations (e.g. the 
elderly, low income communities or those living in neighbourhoods deprived of green space) through tailored adaptation 
strategies is not only a moral obligation for local authorities and service providers but may also increase the effectiveness of 
services such as health or social care in the long term. 
However, the characteristics of local communities that contribute to their vulnerability to climate change are rarely 



investigated by local authorities in the preparation of flood risk management or heat wave plans; these are usually driven by 
the probability of the hazard occurring, or by the spatial concentration of population and economic assets at best. In this paper 
we discuss a decision support tool that aims to provide local authorities with information about the spatial distribution of 
vulnerability of local communities, and thus facilitate the development of socially just adaptation strategies that reduce the 
climate impacts on the well-being of vulnerable populations. 
ClimateJust is an online resource developed by the University of Manchester in collaboration with the Joseph Rowntree 
Foundation (a British social policy research and development charity with a keen interest in social justice) and the UK 
Environment Agency, to be launched in February 2015. An integral part of the development of the resource was extensive 
consultation of user needs and requirements with local authorities and service providers. This paper analyses the user side 
perspective on the ClimateJust resource, in particular taking into consideration the usability of the mapping portal presenting a 
detailed assessment of socio-spatial vulnerability. The results suggest that providing local authorities with comprehensive data 
on vulnerability of local communities may support strategic adaptation planning adjusted to local context. Whilst the level of 
spatial detail does not allow for devising actions aimed at vulnerable individuals, having access to area-based information 
facilitates interdepartmental collaboration on climate change adaptation and helps to draw synergies with existing actions 
aiming at improvement of well-being. Therefore, access to information on socio-spatial vulnerability increases the likelihood of 
development of socially just adaptation strategies. 
 
 
Decision support for mainstreaming climate change adaptation in sectoral policies: a focus on water resources 
 Giupponi 
Ca' Foscari University and CMCC, VENEZIA, Italy 
 
Climate change adaptation (CCA) has emerged as a new fundamental dimension to be considered in the planning and 
management of natural resources. The already perceived changes in climate trends, variability and extremes, and their 
interactions with evolving social and ecological systems, impose revisions of the consolidated paradigms and management 
approaches. The search for synergies and effectiveness of CCA measures and the limited resources suggest the mainstreaming 
of CCA efforts into consolidated sectoral policies, but with a new culture of integration. The research community is expected to 
contribute with innovative methods and tools to support decision- and policy-makers. Decision Support Systems (DSSs), have a 
relatively long history in the water management sector. They are usually developed upon pre-existing hydrologic simulation 
models, providing interfaces for facilitated use beyond the limited group of model developers, and specific routines for 
decision making (e.g. optimization methods). In recent years, the traditional focus of DSS research has shifted away from the 
software component, towards the process of structuring problems and aiding decisions, thus including in particular robust 
methods for stakeholders' participation. 
In order to contribute to CCA, consolidated DSS tools and methods have to at least include two relatively new components: (i) 
the consideration of the change dimension in future perspective, and (ii) the compliance with recently released policy 
documents, regulations and guidelines. 
This abstract focuses on the recently released Communication 'An EU Strategy on adaptation to climate change' a series of 
related documents, including the Guidelines on developing adaptation strategies, in which the water sector is at the core of 
the attempts to introduce climate-proofing in policy actions in key vulnerable sectors. 
Specifically, the abstract refers to a methodological proposal and related tools, developed to provide policy and decision-
makers with a flexible and operational approach to support the process of implementing CCA measures. Several case studies 
are mentioned to derive useful insights for real world implementations. 
 
 
Climate change and robust decision-making in the wind energy sector 
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The expansion of the wind energy sector, as part of a transition to a sustainable energy economy, has potential to mitigate 
risks associated with climate change. Yet climate change itself has impacts for this sector, due to the risk of regional changes in 
wind energy potential, which may require adaptation measures. In this context, communicating the range of uncertainty 
associated with long-term climate model projections of wind energy potential is a key consideration. 
Perturbed physics ensembles, consisting of many simulations using the same model, with slight variations in the values of 
uncertain model parameters, can provide a systematic approach to sampling uncertainty in the future climate state. However, 
the computational demands of creating such an ensemble with a fully coupled Atmosphere-Ocean General Circulation Model 
are large. Therefore, in this project, we extend the PLASIM-ENTSem emulator to include mean wind speed and variability. 
PLASIM-ENTSem is a statistical model, designed to be computationally faster than the climate model upon which it is based, 
enabling the generation of perturbed physics ensembles. 
Output from PLASIM-ENTSem is utilised in a robust decision support framework, to help stakeholders visualise the viability of 
different strategies of wind turbine deployment under a range of climate futures. This framework is one of robust decision-
making, in which optimization of investments is replaced by a principle of identifying, through stakeholder consultation, 
choices that produce satisfactory performance metrics across a high percentage of potential scenarios. In conclusion, by 
combining stakeholders' experiential knowledge with advanced climate modelling approaches, this project facilitates decision-
makers in the wind energy sector in setting geographic priorities to manage climate change risks. 



 
 
Guidelines and tools for climate change adaptation - an overview 
 Meyer, OG Gebhardt 
Helmholtz Centre for Environmental Research - UFZ, LEIPZIG, Germany 
 
When starting a literature search on climate change adaptation guidelines it becomes evident quite soon that there are 
already plenty of them, so that it is difficult - even for scientists, not to speak of potential end-users - to get a comprehensive 
overview. It is the aim of this contribution to provide such a systematic overview of available guidelines and tools. 
First of all, there exist a number of process-oriented guidelines - on different spatial scales, for different regions, countries and 
user-groups. All these guidelines provide a number of steps leading the reader through the adaptation process. Although these 
steps differ in detail, we identify a 'common ground' of five basic steps: 
Problem identification (impact-, vulnerability- or risk assessment) 
Selection of potential adaptation options 
Evaluation of options 
Implementation 
Monitoring and ex-post evaluation 
In our contribution we describe available tools and guidelines for each of these steps. It shows that there is a huge diversity of 
text-based guidelines, online platforms and software tools, or combinations thereof. A certain standard was set by the 
guidelines developed by UKCIP and also more recently by the UNEP PROVIA-guideline. 
Only relatively few guidelines are available to support monitoring and ex-post evaluation. Also guidelines for impact 
assessment and economic evaluation of adaptation measures often remain on a level of describing potential methods, but not 
providing data which could be used for an evaluation of specific adaptation options (e.g. for a benefit transfer). The question 
remains whether this really meets the demand of end-users, which often lack time, resources and expertise to conduct 
complex impact assessments and economic evaluation methods. Empirical evidence suggests that due to these restrictions it is 
not so much full-fledged monetary assessments but rather more simplified approaches, which meet the needs of end-users. 
 
 
Understanding adaptation related decision-making under uncertainty: will ‘high-end' scenarios (>2°C) require ‘high-end' 
decision-making frameworks? 
 Capela Lourenço
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Whilst a target to limit climate change to 2�C above pre-industrial levels has been agreed by the EU and subsequently by the 
UNFCCC, high-end scenarios (HES) are becoming increasingly plausible. HES can be described as those going beyond this target 
or as representing the upper end of the range of possible futures. Such scenarios include climate and the underlying 
socioeconomic storylines both as the drivers of emissions and as narratives capturing a range of societal challenges. From a 
natural science perspective HES may imply increasing climate variability and extremes as well as the possibility of triggering 
tipping points, lending further difficulties for assessments. From a societal point of view HES can imply difficulties in processing 
and using information about highly extreme and uncertain futures, hindering the capacity to respond. As there are potential 
psychological and social barriers to adapting to a world much warmer than today HES may push ecosystems and societies 
beyond their limits of adaptation thus raising additional problems for decision-making. Recent literature on adaptation under 
HES has highlighted two key gaps: a) the emerging need for innovative strategies in uncertainty-management methods; and b) 
the notion that such methods need to be framed within a broader sorting of decision types and systematised into adaptation 
support frameworks. Several frameworks have been developed to assist decision-makers in developing their policies and plans, 
while simultaneously addressing uncertainties. However, these do not necessarily equip them with the knowledge required to 
consider HES. Existing modelling frameworks for assessing impacts and vulnerabilities have significant limitations under such 
scenarios. For example, most impact and adaptation assessments do not account for tipping points and still take a sectoral, 
short-term and single-scale approach. Because incorporating uncertain scientific evidence about climate change into real-
world adaptation processes is bounded by a significant suit of other societal challenges, novel decision-making frameworks are 
required to deal with HES. These have to account for context sensitive conditions within current decision-making processes, 
paying explicit attention to the importance of existing barriers, decision conflicts and potential trade-offs between incremental 
and transformational adaptation under HES. This paper presents work currently underway in the context of FP7 IMPRESSIONS 
project, focusing on the development of a set of criteria that adaptation related decision-making frameworks should fulfil in 
order to cope with HES and associated uncertainties. We further present emerging lessons from applying these criteria to the 
analysis of a wide range of available decision-making frameworks. 
 
 
Experiences from the Climate Office for Central Germany - A regional Science Policy Interface 
 Marx 
Helmholtz UFZ, LEIPZIG, Germany 
 
The Climate Office for Central Germany at the Helmholtz Centre for Environmental Research (UFZ) shapes the regional 
dialogue between the public and decision-makers on the one hand and the scientific community on the other hand. We focus 



on climate impacts for the water balance as well as for biodiversity. Furthermore, adaptation to positive and negative 
consequences of climate change is another focal point of our work. Special attention is devoted to planning periods and 
identification of relevant drivers of global change and its regional impacts. 
In the presentation, two processes are show from the demand and supply side: 
(1) The Climate Office is member of the interdepartmental and interdisciplinary 'Climate Change' working group of the Federal 
State of Sachsen-Anhalt where the Adaptation Strategy and Action Plan have been developed. State ministries and their 
subordinate authorities and institutions as well as research institutes are represented in the working group. Scientific support 
for the state's adaptation strategy is the focus of the work under the management of the Ministry of Agriculture and the 
Environment. 
(2) Currently, we develop a drought indicator for Germany, which is online published under www.ufz.de/droughtmonitor . In 
the presentation, the dynamic process towards the drought monitor will be shown, and the needs of different stakeholder 
groups. This mainly addresses the difference between One- Way communication (from science to practitioners) and an open 
dialogue between these groups.  
 
 
Making decision support tools with stakeholders: practice from The Netherlands 
 Wallet 
Ministry of Infrastructure and the Environment, THE HAGUE, Netherlands 
 
In The Netherlands the Delta Programme is a program in which all layers of government work on climate proofing the country 
on the long term. In five Delta Decisions all parties have committed to actions. An important element of the Delta Decision on 
Spatial Adaptation is that all authorities have together determined that in 2050 the Netherlands must be as climate-proof and 
water-robust as possible. To support the implementation the Knowledge Portal Spatial Adaptation 
(http://www.ruimtelijkeadaptatie.nl/en/) was created. This portal contains many decision support tools and discloses all 
relevant available knowledge that was produced by the Knowledge for Climate consortium. 
Both the Delta Decision on Spatial Adaptation and the knowledge portal were set up in intensive cooperation of all parties 

involved. More than 60 businesses, NGOs, municipalities and others formed so called thematic �Coalitions Climate Proof 
City'. Four working groups formulated the requirements of the tools. When the site went online, in September 2014, a 
Program Spatial Adaptation started, entirely dedicated to stimulating the implementation of the delta decision. The program is 
based on the content of the knowledge portal. 

This contribution describes how this �reversed process' was organized: it put the end-users at the steering wheel. At the start 

it was felt as un uncomfortable ride for those who are normally in charge, who are used to making a draft �ex cathedra' and 
asking others for reaction. But in the end the ownership of the toolbox was enormous. It was exactly what the famous African 
wisdom says: If you want to go fast, go alone. If you want to go far, go together. 
 
 
The Vulnerability Sourcebook 
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National Adaptation Plans (NAPs) aim at reducing the vulnerability by addressing medium- and long-term climate adaptation 
needs. To support the NAP process and to effectively steer adaptation funds, practical tools are increasingly needed that can 
support the planning, implementation as well as the M&E of adaptation activities in a comparable way. A tool that has been 
explicitly put forward at international level are vulnerability assessments. However, with so many definitions of vulnerability, 
and given the variety of methodologies to assess them, more standardized methods and tools are needed that allow for a 
better comparability of results across sectors and regions. Against this background, the GIZ Competence Centre for Climate 
commissioned the development of practical guidelines on how to conduct a standardized vulnerability assessment that can 
also be used for the M&E of adaptation. 
The Vulnerability Sourcebook comprises eight modules and an annex that provide practical guidance on how to conduct 
vulnerability assessments. The approach of the Sourcebook is applicable from national to local level and to a broad range of 
sectors. The application of the Vulnerability Sourcebook in four test cases (in Bolivia, Pakistan, Burundi and Mozambique) 
demonstrated that it can make a valuable contribution to adaptation planning and the M&E of adaptation. It is of particular 
interest to technical and adaptation experts. The tool combines outcome- and process-oriented perspectives and provides very 
detailed decision support. 
The presentation will outline the tool itself and describe the results of the various pilot cases. The experiences from the test 
cases serve also to discuss the different perspectives of various stakeholders and the demand side aspects on decision support 
in climate adaptation. 
 
 
Knowledge - what is in a word? 
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So far the Swedish work on climate change adaptation has to a large extent been driven by the assumption that more 
knowledge is needed in order to meet the challenges posed by climate change. Efforts have been made to advance the natural 
science basis and to create large databases to make that existing data available to planners and decision makers. 
Moreover, whereas the concept of knowledge is used in a routine like way a superficial scratch on the surface reveals that the 
word has different connotations to different actors. 
This presentation wishes to unpack the concept of knowledge and discuss its meanings to different stakeholder groups 
involved in the process of climate change adaptation. The work draws on interviews with Swedish municipal actors, as well as 
input and experiences from a governmental mission aiming to follow up and analyze the work that has been carried out in 
Sweden since the latest national vulnerability assessment in 2007. 
Preliminary conclusions show that as stakeholders raise the issue of knowledge as the major challenge to climate adaptation, 
this is referring to at least three different aspects of knowledge: 
1) ) Improved climate scenarios, that are more exact, locally relevant , as well as contextualized local risk assessments. 
2) Knowledge as practical guidelines -i.e. how to act upon the information provided. 
3) Knowledge as raising awareness; i.e. the need for raising the issue of climate adaptation on the political agenda. 
The presentation argues that the 'need for more knowledge' argument needs to be challenged, so that it is clearly defined 
what is actually missing. Only then can informed decisions as for how to prioritize and enhance efforts, aiming to contribute 
towards a climate resilient society in the future, be taken.  
 
 
Supporting business adaptation: a comparison of adaptation tools 
 Hoffmann, Schmidt 
Institute for Ecological Economy Research, BERLIN, Germany 
 
There are numerous guidelines, information platforms and toolkits available for supporting risk assessment and adaptation 
planning of organizations. Most of them address planners and decision makers in the public sector, but several tools have also 
been developed in order to support adaptation of businesses. These tools differ in their thematic focus, their 
comprehensiveness and their methodology. The aim of this paper is to evaluate the most important tools for businesses in 
English and German language (e.g. UKCIP Adaptation Wizard, Baltic Climate Toolkit, CAT, Climate Expert, Klimacheck) regarding 
their scope of application, their applicability and their analytical depth. The comparison reveals strengths and weaknesses of 
the various tools and general weaknesses of a tool-based approach. 
We find that some tools provide assistance for the whole adaptation management cycle while others only address the 
vulnerability assessment. Only few of the evaluated instruments support the assessment of adaptation measures in terms of 
economic feasibility and integration possibilities into the business strategy. The less complex tools are more comprehensible 
and easier to complete, with less time and effort needed. But they also provide less additional information and guidance which 
can make it difficult to acquire the information needed for completion (e.g. climate data). Although most of the tools have 
been developed by involving business people, they differ in the way they are targeted to their key audience: While some use 
business language others apply a scientific vocabulary. Moreover some are based on a risk approach which is familiar to 
managers while others follow a vulnerability-based approach. 
Only few tools consider the integration of climate adaptation into other business activities. A successful adaptation strategy 
must not endanger business goals and strategies and therefore it has to minimize potential negative side effects of adaptation 
measures as well as identify and use potential synergy effects; this is only partly reflected by the tools. 
The tools deliver support for businesses and help to develop adaptation management. Applying the tools is yet demanding: 
businesses need to be open and interested in climate change adaptation, to have resources and knowledge to complete the 
tasks and make use of the material provided by the tools, to transfer climate information to their own business and to develop 
solutions. Thus, tools can probably only partly substitute external support and advice/consultancy. 
 
 
Climate change foresight in EIA - perspectives and support of the demand side of infrastructure planning  
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Current political discussions and developments indicate the importance and urgency of incorporating climate change 
considerations into EIA processes. The recent revision of the EU Directive 2014/52/EU on Environmental Impact Assessment 
(EIA) (amendment to the Directive 2011/92/EU based on the EIA Directive 1985/337/EEC) requires changes in the EIA practice 
of the EU member states. This presentation is based on the research project 'envisage-cc', funded by the Austrian Climate and 
Energy Fund. It investigated the extent to which the Environmental Impact Assessment (EIA) can contribute to an early 
consideration of climate change consequences in planning processes. In particular the roles of different stakeholders in order 
to incorporate climate change impacts and adaptation into planning and development of projects subject to EIA at the 
appropriate levels were a core topic. Fifteen semi-structured expert interviews were carried out with representatives of the 
main infrastructure companies and institutions responsible in these sectors in Austria, which have to carry out EIA regularly. In 
a second step expert interviews were conducted with EIA assessors and authors of environmental reports, in order to examine 
the extent to which climate-based changes are already regarded in Austria and Germany, and where further research or 
communication is required so that these changes may be considered. A total of 25 experts - 14 in Austria and 11 in Germany - 
were interviewed. This paper aims to discuss the different perspectives in the current EIA practice with regard to climate 



change impact and adaptation as well as barriers and solutions identified by the groups of actors involved, namely project 
developers, environmental competent authorities and consultants (EIA assessors/ practitioners). 
 
 
The communication of uncertainty begins when we specify the decision problem - an assessor's perspective on decision 
making under different levels of uncertainty 
 Sahlin 
CEC, STOCKHOLM, Sweden 
 
There are different perspectives on risk which in turnput constraints how uncertainty can be quantified. The classical view 
treatsrisk as a relative frequency and is limited to situations that are similar toour experience. The Bayesian view on risk is as 
our (the assessor's)uncertainty in the outcomes of the decisions given our current knowledge usingknowledge-based 
probabilities. The Bayesian perspective works for allsituations where a reasonable and scientific-based assessment model of 
theconsequences of decisions of concern can be established. If not, we are facing decisionmaking under severe uncertainty, for 
which a general perspective of risk isrequired, (pre)cautionary principles need to be applied, active adaptivemanagement 
strategies are sought and uncertainty is quantified usingalternative measures combined with knowledge-based probabilities. 
Understandingthe consequences of these three perspectives on risk may greatly improve how wetalk about and carry out the 
communication of uncertainty. The suppliers(assessors) must know what perspective that is asked for in order to performthe 
adequate quantification. The demanders must know what perspective that ismost suitable for a given decision problem, which 
most likely will require adiscussion with the assessors and expert knowledge holders. Several factors canhinder the scientific 
communities and risk assessors' capability of takingdifferent perspectives on risk, dependent on the knowledge-bases for 
theirassessment. A possible change of scientific traditions, or current practices,and appropriate education are required for the 
demander to know what theyshould ask for and the suppliers to carry out the task to produce knowledge tosupport the 
decision and communicate uncertainty. 
 
 
A tool to communicate economic assessments of regional adaptation strategies 
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The EU FP7 project ToPDAd provides a comprehensive assessment of regional, national, and EU-level adaptation needs, 
strategies and policies. To this extend the project has developed a next-generation tool set by which these strategies and 
policies can be supported by top-down and bottom-up assessments, with focus on the infrastructure sectors Energy and 
Transport, as well as Tourism as an example of a potentially climate sensitive important service sector. For the first time, 
climate scenarios and socio-economic pathways are combined with sector models and macro-economic models in a 
methodological framework, allowing detailed cost assessments of different adaptation options by integrating top-down 
macro-economic assessments with bottom-up sector modelling exercises. Within the chosen sectors seven case-themes were 
selected to illustrate the potential of the ToPDAd toolset. They were selected to cover a broad range of different climate 
change phenomena and impacts, while the results are also relevant for a larger region or Europe as a whole. The ToPDAd 
assessment methodology is based on a modelling approach, integrating macro-economic and sector modelling through 
comprehensive feed-back mechanisms combined with participatory methods like Multi-criteria decision analysis (MCDA) to be 
able to soundly include and value multiple and potentially conflicting decision objectives/criteria that need to be evaluated in 
making decisions. 
Due to the diversity of integrated tools, the range of results of the case-theme assessments varies considerably, from fairly 
high level macro-economic indicators to more detailed sectorial impacts and stakeholder valuations. To integrate and 
disseminate its case-theme assessments, ToPDAd has developed and interactive tool that brings together the diverse, multi-
dimensional outcomes, including uncertainty aspects and puts them in the perspective of the ToPDAd methodology to 
comprehensively communicate the conclusions to European policy makers and business developers. The interactive tool 
provides intuitive pathways along the methodological framework, step-wisely leading the user from contextual knowledge into 
the details of the case-themes and the performances of assessed adaptation strategies. To connect to the European 
framework of policy and decision making, the tool has been aligned with the conceptual and semantic framework used in the 
European Platform for Climate Adaptation, Climate-ADAPT and its liaised initiatives. 
 

7.3 Unpacking the co-production of knowledge in adaptation to climate change 

Joint knowledge production for global change adaptation - what is in it for science? 
 Hegger, C. Dieperink 
Utrecht University, UTRECHT, Netherlands 
 
Research funding structures increasingly emphasise the importance of science being socially relevant. The establishment of 
large multi actor climate research programmes as they have been carried out in amongst others The Netherlands and Germany 



are cases in point. Within such programmes, projects are funded in which researchers, policymakers and other societal actors 
collaborate in the production and application of knowledge through so-called Joint Knowledge Production (JKP). While recent 
assessments of such JKP projects have provided some arguments in favour of their societal merit, much less is known about 
their scientific merit. To shed some light on the latter, the we have developed a conceptual framework for exploring this 
scientific merit, incorporating the output, process and outcome of doing science in JKP projects. Semi-structured interviews 
with six environmental science research leaders were used to start operationalising the framework and to compile a survey. 
Next, we distributed this survey to 603 researchers whose contact details we received from the programme office of 
Knowledge for Climate, a large Dutch multi-actor research programme. Thus far, we received 122 responses which will be 
analysed in the course of February and March 2015. The paper will provide an overview of the survey results. These results will 
unpack the notion of doing science in Joint Knowledge Production projects. 
 
 
Developing the concept of regional climate service - 10 years of coastal applications 
 Von Storch, IM Meinke 
Helmholtz Zentrum Geesthacht, GEESTHACHT, Germany 
 
At the Institute of Coastal Research of the Helmholtz Zentrum Geesthacht, the need to develop formats and concepts for 
buildings dialogs between stakeholders (incl. the public) and scientific institutions have become obvious some 10 years and 
more ago. In exchange with various stakeholders and with social scientists, a few key conditions for building such a dialogue 
emerged, namely the recognitions of a misfit between the prospective partners 
- In terms of demand and supply: the scientific knowledge does in most cases not fit to what 'users' want to have. This is 
sometimes due to the fact that the expected answers by stakeholders simply are unavailable (such as certain critical water 
levels in four decades at a location), but also because the scientists do not understand the context within which the 'need' is 
formulated. 
- In terms of knowledge. Scientists often enough consider their knowledge not the 'best explanation of the time being' but 
unconditional 'truth' (which my need some minor fine-tuning), and perceive the problem of stakeholders of having 'no 
knowledge', so that stakeholders need to 'learn' from scientists the right views ('empty vessel concept'). However, other 
explanatory systems ('knowledge' = cognitive ability to act) exist, which allow to deal with problems. Thus, a competition, and 
blending, of knowledge claims takes place, compromising the ability to apply scientific knowledge as conditioning constraints 
for solution construction. 
- In terms of legitimacy - scientists often hold the view that scientific knowledge would be sufficient for determines 'right' 
solutions. Thus, the role of scientific knowledge as constraining but not determining solutions is not understood. On the other 
hand, stakeholders often accept this view, but try to arrive at their preferred solutions by helping 'their views' to become 
scientifically legitimized. 
Thus, regional climate service needs sustained interaction with specific stakeholders in a specific region, for allowing the 

building of a dialogue (Klimab�ros), a mapping of competing knowledge claims, and a clarification of the role of science in the 
advisory process. 
We discuss these components, by making use of almost 10 years experiences assembled in attempts to build practically useful 
knowledge about Northern German coastal climate change (with emphasis on storms, storm surges and ocean waves). 
A surprising finding was the significant interest by commercial stakeholders in the analysis of recent and present conditions 
and risks. 
 
 
The TRACKS approach to place-based climate knowledge co-production 
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Climate science has been essential to our increased understanding of on-going changes in global climate systems, but arguably 
more limited in translating what these changes mean for communities at a lived scale, for supporting adaptation in local 

�places'. Climate science faces challenges to its salience at the local scale, with significant uncertainties attached to �scaling 
down' low resolution models and global measurements. It also faces challenges to its legitimacy, with some local communities 
seeing science as imposed from the outside and incongruent with the local understandings and meanings they attach to 

climate, and the unique challenges they face. We argue that to be meaningful and �useful' in local places, climate science 

ought to be co-produced in a place, recognising the de facto �narratives' of climate that define a local place. This implies the 
meeting of science with place-specific knowledge and resources of local communities. Importantly, it also implies instituting 
social and political processes for the quality assurance of this climate knowledge, as fit for the function of supporting local 
adaptation. But how can we give practical effect to this co-production of climate knowledge? 
This paper presents the novel research approach implemented by the Norwegian Research Council-funded TRACKS Project: 
Transforming Climate Knowledge with and for Society (see www.projecttracks.net). TRACKS was initiated in June 2014 to 
mobilise high quality knowledge on climate variability with communities in northeast Bangladesh, to support their local 

adaptation. It adopts a �post-normal science' approach to co-producing climate knowledge, by establishing an �extended 
peer community' comprising climate scientists alongside local actors with their own experience and knowledge. The project 
progresses over three years in three phases. The first phase investigates the diverse narratives of climate in the study area, 
including the competing scientific narratives. The second phase assembles the peer community in workshops to discuss these 



narratives, and negotiate what counts as high quality knowledge to support adaptation. This group will distil a portfolio of 
climate indicators that they consider meaningful. The third phase sees the extended peer community measuring these 

indicators according to a �citizen science' approach. We assert that a similar approach could be emulated in Europe, and 
discuss some of the challenges to its implementation. 
 
 
Approaches for citizen participation in producing knowledge and implementing measures relevant to urban adaptation 
processes 
 Kind, JS Savelsberg 
adelphi research gGmbH, BERLIN, Germany 
 
With respect to adaptation in urban areas, citizens have great potential to improve the efficiency and effectiveness of 
adaptation processes. This pertains both to producing knowledge as well as to supporting the implementation of adaptation 
actions. 
In many cases, citizens possess valuable knowledge regarding impacts of past extreme weather events and existing sensitivities 
in their vicinity as well as knowledge regarding suitable measures for preventing damages. Furthermore, with the advances of 
mobile technologies many citizens have the means to gather additional information that are useful for urban adaptation 
processes - at low cost - for example, taking measurements for identifying temperature hot spots during heat waves ('crowd 
sensing'). 
When it comes to the implementation of adaptation measures, urban citizens can have a pivotal position as well. Property-
owners can use the space they own to implement adaptation measures that can have benefits for others as well, for example 
establishing retention areas for reducing the rain runoff during heavy rain events. At the same time, insufficient 
communication of the necessity of adaptation measures or inertia of citizens towards change can lead to resistance against 
adaptation measures planned by the municipality. In this context, participative adaptation can become a means to overcome 
such resistance. 
To determine in how far the different benefits of citizen participation are being taken into account in urban adaptation 
processes in Germany, the authors have analysed 30 adaptation strategies of German cities with respect to the roles attributed 
to citizens. The presentation of this analysis will touch on the following questions: 
-What groups of citizens are specifically mentioned or addressed in the strategy with regard to both their vulnerabilities and 
their knowledge and resources? 
-At what points within the adaptation process did the municipality seek input from citizens on the development of the strategy 
as well as on its implementation? 
-What instruments are mentioned for including citizens in the development and implementation of adaptation actions? 
-What is the role of citizen sensing in current adaptation activities and what could be potential benefits? 
-With respect to the analysed strategies: What activities mentioned could benefit from the participation of citizens? Recurring 
also to behavioural economics, what instruments could be used to incentivise participation? 
Eventually, focusing on knowledge co-creation, the authors will present a typology for different types of citizen participation in 
urban adaptation processes and will provide an estimate on the untapped potentials in the different forms of participation. 
 
 
Co-production of knowledge in adaptation to climate change: empirical results and lessons learnt from The Netherlands 
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Coproduction of knowledge has been the backbone of research on adaptation to climate change in the Netherlands in the last 
decade. 
Two successive national research programmes, Climate Changes Spatial Planning (2004-2012) and Knowledge for Climate 
(2008-2014), have delivered evidence-based and practice-driven knowledge for better informed spatial planning and 
investment decisions in the light of the effects of climate change. 
These two research programmes, Climate Changes Spatial Planning (2004-2012) and Knowledge for Climate (2008-2014), can 
be considered as large-scale and long-term co-production experiments providing worthwhile practical experience and 
empirical results. 
In this paper we reflect on the lessons learnt from the perspective of knowledge co-production, also in connection to the 
emerging body of scientific literature on this topic (e.g. McNie, 2007; Hegger et al., 2014; Wardenaar, 2014). 
Instruments employed by the programme management, also inspired by practical benchmarks and scientific literature, were: 
(a.) setting up a research agenda through demand articulation and co-creation, (b.) developing an open call and co-funding of 
research projects, (c.) multi- and transdisciplinary knowledge production, (d.) scientific and societal review of proposals and 
results, (e.) knowledge dissemination and knowledge utilization, and (f.) analysis of stimulating and impeding factors. 
We conclude that decision makers need scientists to unravel their needs. As an iterative process appears to be a prerequisite 
for the efficient articulation of research questions, scientists should be cautious in making assumptions about decision maker's 
needs. In addition, what decision makers want can change over time, as socio-political circumstances can shift over time, 
whereas science has by nature a more steady and long term orientation. Acknowledgement of the diverging point of departure 



appears to be a good starting point for a collaboration process towards shared objectives. A concise scientific state of the art 
on the topic, rather than an immediate answer, or research proposal, is often appreciated in that respect also. In addition, we 
believe that one of the next big steps for adaptation to climate change is to better monetize the costs and benefits of 
measures in order to enhance the co-production process. 
 
 
The relationship between experts and democratic actors in the co-production of knowledge on flood damage compenstion: 
The case of flood insurance reform after hurricane Katrina 
 Bergsma 
University of Amsterdam, AMSTERDAM, Netherlands 
 
A lot has been written about the co-production of knowledge in environmental governance. Arguments provided are usually 
derived from larger normative-theoretical assumptions about the epistemic qualities of deliberative governance. Strikingly, 
little empirical research has been conducted into the power relations that lie behind such deliberative arrangements. 
Consequently, little is known about how different actors influence the production of knowledge in environmental governance, 
or about the effects this has on environmental management and planning. These are important questions as concerns have 
also been raised about strong reliance of expert-knowledge in environmental policy making, particularly with respect to the 
distributive underpinnings of environmental policies. 
In my talk, I will present the results of an empirical case study into the relationship between experts and democratic actors in a 
recent case of policy reform on flood damage compensation (a typical distributive problem) in the United States (U.S.). In the 
U.S., flood damage can be compensated through the federally-backed National Flood Insurance Program (NFIP), which became 
widely criticized after hurricane Katrina as the program was pushed near bankruptcy. The reforms made to the NFIP after 
Katrina, however, produced steep premium increases that came as a surprise to most actors, even those closely involved in the 
decision-making process, and caused widespread public consternation over the affordability of flood insurance. My case study 
looks into the relationship between experts and democratic actors in the co-production of knowledge during policy discussions 
on NFIP reform to explain these outcomes. 
My presentation highlights the importance of contextual events as structuring factors in the relationship between experts and 
democratic actors. In the case of NFIP reform, shock events like Katrina and the economic crisis generated a sense of urgency 
for policy action, but at the same time revealed conflicting assumptions about the values underlying and correspondingly the 
aims of the insurance program. In this situation, I will argue, the arguments of 'operational experts' gained importance, as 
these arguments tended to reduce deeper-lying forms of 'uncomfortable knowledge' about the normative underpinnings of 
the NFIP to technical certainties about its operation. Based on this, I will conclude that contextual events can form an 
importance hindrance to viable processes of knowledge co-production, especially in policy fields characterized by conflicting 
values and uncertainty, such as in environmental governance. 
 
 
Integrating theory and practice in adaptation research and implementation 
 Jones, Young 
Victoria University, MELBOURNE, Australia 
 
The most dominant model for applied scientific research is the information/knowledge deficit model. In this model, research is 
produced largely by researchers and delivered to users in the form of data, reports and papers. Stakeholder engagement 
techniques can be used to modify this approach by a variety of means, ranging from tailoring the content and medium of 
delivery, to full engagement in project design and delivery. However, the process of mainstreaming, where the results of the 
research are built into operational and strategic planning processes already in use, requires the integration of two very 
different knowledge systems: those of research and practice. These models are more different than similar, so blending them 
can often be more of a collision than a collaboration. They have different epistemologies, reward systems and cultures of 
practice. Yet, their integration in a transdisciplinary research environment is absolutely necessary if systemic issues, such as 
adaptation to a changing climate, are to be managed successfully. We outline some recent projects from the opposite points of 
view of theory and practice, describing how these two different ways of knowing and doing have been brought together and 
applied. 
This presentation will be dual, involving a researcher (practitioner) and a practitioner (researcher). The result could either be a 
collision or a collaboration. 
 
 
Using knowledge to inform sectoral adaptation policies. Where do European countries stand? 
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The number of EU countries addressing the challenges of climate change through national adaptation strategies is 
continuously increasing. This has resulted in a growing demand for knowledge on impacts and adaptation by policy actors and 
the public at large, and stimulated the production of scientific and technical information to support adaptation policies and 
decisions. The EU Strategy on Adaptation to Climate Change (2013) has pushed further towards this direction by underlining 



the importance of having better informed decision-making (Objective 2). Opinions on the influence of knowledge on policy 
decisions, however, remain diverse, with some of them referring to the widely held assumption that scientific knowledge can 

improve policy-making, while others arguing for the �little effect' that knowledge may have on it. 
Scientific evidence provides the knowledge base required for sound policy decisions. This, however, is only one of the 
numerous factors that might determine its use. Knowledge use might be constrained either consciously or unconsciously by a 
wide range of factors, including context specific problems, policy conflicts, time constraints, decision-maker characteristics, 
organizational structure, mismatches between the type of knowledge that is produced and needed, uncertainties etc. The role 
of knowledge becomes of particular importance when looking at the way that adaptation is implemented through its 
mainstreaming in sectoral policies (Objective 3 of the EU Adaptation Strategy). Effective knowledge management, for example, 
is important for facilitating integration of climate adaptation goals into sectoral policy-making as it provides actors with 
information on impacts and spillovers into other sectors around which they can coordinate their activities. 
In this study we explore the extent to which adaptation has been integrated in key existing or forthcoming policies and policy 
instruments related to the sectors of agriculture, water management and health, in five European countries: Denmark, Finland, 
Germany, Italy and UK. This selection of countries provides a good representation of political systems and environmental 
characteristics within Europe. Through a content analysis of key policy documents and targeted interviews, we explore the 
progress that has been achieved in the production of adaptation knowledge in each sector and country, the ways in which 
knowledge has been communicated to policy makers (if any) and finally the extent to which it has been used to inform 
relevant policies and instruments. We identify knowledge gaps and other barriers that might constrain this process and 
produce recommendations with regard to the areas and tasks on which future efforts should focus. 
 
 
Community Influence in Adaptation to Climate Change: The Role of Local Knowledge and Co-Production of Knowledge in a 
Coastal City -Tainan, Taiwan 
 Lee, G R LIU 
National Central University, CHUNG LI, Taiwan 
 
As most of climate change research initiatives are more focused on natural sciences, it is almost impossible to understand the 
earth system without addressing humans as influencing the planet and as an essential driving force in shaping the future of 
planet Earth. Thus, a major new step has been taken in the development of science - from disciplinary to interdisciplinary, from 
one sector to cross-sectoral, and from natural sciences to social sciences and the humanities.  
Based on the research results from a 3-year (2013-15) core research program, Taiwan Climate Change Technology (TaiCCAT), 
this paper takes an interdisciplinary approach by examining the role of local knowledge to plan, manage, and communicate 
local adaptation strategies in Tainan, Taiwan. At the same time, while selected by Lonely Planet and Michelin as a must-see 
three-star tourist destination, Tainan has been at risk from rain storms and mud slides at mountain regions, urban flooding, 
and coastal sea-level rise. Policy responses like whether or not to build dikes, opening or closing water gates, water distribution 
among industrial, agricultural, and residential sectors are frequently made by relevant government authorities with inputs 
from community groups.  
To ensure government, business, society and academia have the foresight, knowledge, and tools to adapt to climate change, 
this paper further conducts in-depth interviews with stakeholders from mountain, rural, urban and coastal regions for 
crosschecking its research findings. Tainan experience so far points to the importance of early engagement, trust building, 
involvement of all stakeholders, and assessment of knowledge needs and knowledge exchange. Hopefully in the future, it may 
become a robust example for co-design, co-production and co-delivery of knowledge that is also consistent with and called for 
by the Future Earth research initiative. 

Workshop 7.2 The role and use of Participatory Methodologies in Climate Change 
Adaptation 

Developing downscaled Shared Socioeconomic Pathways with stakeholders to explore adaptation and mitigation pathways 
related to higher-end climate scenarios 
 Pedde
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In spite of high-end scenarios being increasingly plausible, potential climate change impacts, adaptation and vulnerabilities 
(CCIAV) studies face two major limitations: understanding uncertainty in long-term socioeconomic changes and 
oversimplification with single scale approaches. Global scenarios are the most common approach to explore this uncertainty 
but they have lacked an integrated perspective on mitigation, adaptation and residual climate impacts and do not match the 
sub-global scale of CCIAV methods. Therefore, the scientific community has developed Shared Socioeconomic Pathways (SSPs) 
with the aim to providing pathways of key socioeconomic drivers along the dimensions of challenges to mitigation and to 
adaptation which are scalable to different regional contexts. The new insight of the SSPs is that demographic and 
socioeconomic development pathways do not include explicit assumptions about future emissions which have been 



elaborated in the Representative Concentration Pathways (RCPs). SSPs and RCPs may be combined using a matrix architecture 
into a broad range of scenarios. 
In this study, we present a Central Asian, European and Scottish extension of the global SSP to develop a set of high-end multi-
sectoral and multi-scale participatory scenarios. The final aim of the extended SSPs is to enable their implementation in 
subsequent CCIAV studies to explore the implications of alternative sub-global socioeconomic futures for the creation of 
transition pathways that aim to build resilience in the face of uncertainty. 
Similar to the global SSPs, the downscaled SSPs consist of a set of internally consistent qualitative storylines; tables with a 
structured overview of the key assumptions and uncertainties; and a limited set of quantitative parameters. These were 
subsequently linked to RCP4.5 and RCP8.5 to yield integrated scenarios. 
The methods used are highly participatory involving a broad range of stakeholders during a set of intensive scenario 
development workshops. The flexibility of the SSP framework allowed for the development of consistent and yet scale-
relevant assumptions in key variables. 
We argue that the participatory process designed to extend the global SSPs, although complex, results in an effective toolkit 
that addresses the need for more reliable and more credible scientific knowledge on highly uncertain but plausible and 
important socio-economic futures. The multi-scale and multi-sector approach facilitates further research and assessment 
possibly characterising the range of complexity in mitigation and adaptation efforts, and in residual impacts of climate change. 
This research may also include potential synergies across scales from local to continental and to global and trade-offs between 
mitigation and adaptation towards sustainable pathways. 
 
 
Fuzzy Cognitive Mapping to enhance climate change adaptation to heatwaves in the city of Madrid 
 Olazabal, Chiabai, Neumann 
Basque Centre for Climate Change - BC3, BILBAO, Spain 
 
Understanding the complexity of systems from the viewpoint of the stakeholders and decision-makers is particularly important 
when identifying and defining new adaptation pathways. This is of even greater interest when data on the function and 
performance of the system is scarce or uncertain, and experience and knowledge on the system from those in the field is 
critical. In this study we used Fuzzy Cognitive Mapping (FCM)-a participatory semi-quantitative interview and analysis method- 
to collect accumulated experience, knowledge and perception of system actors. The method was applied in the city of Madrid, 
in the framework of the EU project BASE, to collect information on how stakeholders and decision-makers perceive impacts of 
heatwaves in the city and how they believe different adaptation options would perform. Through FCM participants are 
required to translate their knowledge into a map consisting of nodes and weighted interconnections between causal factors. 
FCM provides information on the main characteristics of the network (such as the centrality of each element, i.e. its relative 
importance) and enables scenarios of policy options or decision alternatives to be evaluated and compared. In this case 
different scenarios to mitigate the impact of heatwaves are tested and semi-quantitatively assessed in terms of their costs and 
benefits. In this respect, FCM can be especially valuable as a tool to validate the results obtained by a cost-benefit analysis 
which is more limited in its extent as many nodes, though important, cannot be evaluated in quantitative and monetary terms. 
The application of FCM to the case study of Madrid has proven useful in: (i) integrating sectorial perspectives, (ii) identifying 
hidden relations, thus, being able to take into account a wider range of impacts and trade-offs between elements, and (iii) 
identifying cross-sectorial co-benefits of different adaptation pathways. 
 
 
Lessons learnt and ways forward in designing and analysing participatory processes for transformative climate governance 
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Though it has proven to be very effective in generating valuable input for policy responses, current uses of participatory 
methodologies show limitations with regard to the particular challenges posed by climate change. We seek to take stock of 
research experiences in designing and analysing participatory processes for climate change action and, from this, move on to 
identify future research directions in creating new participatory methods for transformative science for climate governance.  
We focus on transition management as a framework for governance experimentation and co-creation that builds on 
complexity theory. Transition management (TM) offers operational guidance on how to set up engagement processes for 
change-oriented interventions in complex adaptive societal (sub)systems that can in turn enable or trigger system-wide 
sustainability transitions. Sustainability transitions are understood and conceptualized as complex processes of fundamental 
change in the structures and practices of societal systems that unfold very gradually and result in irreversible shifts towards 
more sustainable ways of living. The TM process includes a stage of problem identification and challenges' formulation, 
envisioning, strategies generation via backcasting and operationalization of transformative narratives into experimental 

interventions to introduce new ways of organising, operating and thinking. It is often criticized for serving a new �dogma' for 

incrementalism, while �explaining complexity' and �enabling complexity' rather than navigating societal complexity. With 
this in mind, we examine whether and how TM elucidates the complexity of governance for transitions to sustainability. 
Transition management has been applied to climate change mitigation and adaptation in different contexts, such as in five 
European cities in the MUSIC project, in Honduras and in the Pacific Islands. The applications have shown that TM needs to be 
advanced to respond to the specific challenges posed by climate change. Scientifically robust and policy-relevant 
understandings of the nature and scale of more extreme and long-term consequences of climate change need to be integrated 



into the TM framework. In the development of transition pathways, time-, and scale-dependent developments and 
interactions have to be integrated taking into account non-linearities to help develop robust adaptation strategies and build 
resilience. 
 
 
Making people feel heard: climate change adaptation processes in coastal areas 
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The most recent IPCC report confirms that climate change is very likely to increase coastal risks. The Portuguese coast is 
already experiencing severe erosion and loss of beachfront, processes which are expected to become worse with climate 
change impacts. These additional alterations are beginning to show at a time when financing for conventional coastal 
protection is no longer guaranteed at scales of investment which are likely to be required if future coastlines are to be 
maintained. This means that all vulnerable coasts will be required to adopt innovative adaptation strategies. Therefore coastal 
management will have to confront a geomorphological and social process of creative and progressive adaptive governance if 
future economies and societies are to remain viable and resilient. 
Social scientists will be heavily involved in this challenging prospect. This was the experience of a three-year research - 
CHANGE - Changing Coasts, Changing Climate, Changing Communities (2010-2013). The project used climate scenarios for the 
coming decades to promote a meaningful dialogue between a range of interested parties and coastal managers regarding 
possible planning and financing options in three different coastal locations in Portugal. 
This presentation looks at how residents and key stakeholders of three coastal communities in Portugal perceive such erosive 
and climate change processes, how far they judge and trust current coastal management, and how they perceive their current 
participation and foresee future forms of involvement on adaptive coastal change. 
The research identified a high awareness across the stakeholder spectrum of coastal risks and climate change. But it also 
discovered a dominant feeling of hopelessness towards future solutions for coastal protection and funding. Furthermore, all 
previous attempts by coastal managers to engage stakeholders are widely perceived to be failures. 
These critical gaps in prognoses, action and communication have been analysed in a set of interactive workshops. 
Representatives from regional government and municipalities, private companies, universities, fishermen, among others, met 
together to discuss science and communication; social and economic impacts; public participation; financing and adaptation 
solutions. 
The presence of the team, coupled a detailed public opinion survey at each location, demonstrably raised awareness on 
coastal change and sowed the seeds for creating an inclusive coastal forum, engaging local stakeholders in the mission of 
spreading the adaptation message. The research paper will sum up the results of the CHANGE process, aiming to offer an 
effective contribution towards new models of adaptive coastal governance. 
 
 
SWAP - Scenario Workshop with Adaptation Pathways - participatory planning for coastal adaptation in Portugal 
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Adaptation to climate change in coastal areas faces complex challenges due to the existence of many stakeholders with 
different interests and responsibilities in the same territory. Climate change pressure on coastal areas is high and the costs for 
adaptation measures are also high which increases the need for adequate, integrated and cost effective solutions. Since the 
future is uncertain and climate impacts are already observed in coastal areas, the need for a common vision and a dynamic 
plan is urgent and agreed by all. SWAP methodology - Scenario Workshop with Adaptation Pathways - has been co-designed 
and tested in Portugal to answer these needs with good results. With SWAP, stakeholders from national and local level were 
able to agree on a common vision and decide on adaptation pathways for the coastal stretch of 20km in the region of Aveiro. 
The study of this region was implemented based on a participatory action research approach a case study in the research 
project BASE - Bottom Up Adaptation Strategies towards a Sustainable Europe. Results show that participatory methodologies 
can be used to create adaptation visions, strategies and plans, rather than only serving the purpose of validating finalized plans 
as it is common in public consultations for spatial planning instruments. Elements considered pivotal for the success of this 
approach consist on: Political will /or integration of SWAP in legal binding spatial planning instruments; recognized experts 
producing knowledge base for debate; experienced facilitation of workshops and intense preparation to result in a strong 
stakeholder engagement. 
 
 
Participative scenario building: Enhancing the robustness of climate chagne adaptation assessments 
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Adaptation to climate change is challenged by a number of factors, including policy and economic constraints and the role of 
public opinion. Since a successful implementation of adaptation measures depends on their wide acceptance and support, it is 
vital to incorporate the public and key stakeholders as soon as from the early stages of climate change adaptation process. 
However, an application of a feasible and productive approach to involve the public and stakeholders in the adaptation 
planning process remains challenging. In this contribution, we present the approach of participatory scenario building utilized 
to elicit the opinions and preferences of stakeholders regarding different adaptation options and measures. 

We applied the approach of participatory scenario building in a local adaptation case study, conducted in the �umava 
National Park and UNESCO Biosphere Reserve. The study area presents a mountain range characterized by extensive forest 
ecosystems, with a high ecological value and a considerable potential for touristic and recreational use. However, in the last 
two decades, the area has faced inconsistent and sometimes contradictory conservation regimes and management objectives. 
Furthermore, the preferences of different local citizens and stakeholders regarding future development of the area, including 
climate change adaptation, have been very diverse. 
We assembled local stakeholders at an array of participatory workshops, aimed at creating scenarios of future development 
and adaptation options in the study area. We addressed stakeholders involved in local key sectors, including nature 
conservation, forestry, agriculture, local businesses, water management and tourism. The stakeholders took part in semi-
structured interviews, focus groups and group discussions, as well as participatory mapping exercises. 
During the participatory workshops, three adaptation scenario storylines were created, presenting distinct bundles of 
ecological, socio-economic and adaptation changes. In general, the first scenario created assumed a focus on nature 
conservation and strict environmental protection, while the second scenario assumed an emphasis on economic development 
and extensive touristic and recreational use of the area. Finally, the stakeholders agreed on a third scenario, the shared vision, 
which introduced compromises between nature conservation and economic revenue and focused on sustainable development 
of the area. 
The scenarios have subsequently served as the basis for further analyses, including ecosystem services modelling and 
economic assessments of different adaptation options such as cost-benefit analyses. This contribution illustrates that the 
approach of participatory scenario building can serve as a productive and beneficial component of the climate change 
adaptation process, raising awareness to the issues of climate change adaptation. 
 
 
The role of stakeholders on adaptation at local scale 
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An important part of the management of risks related to climatic events is done locally. The tendency towards an increase in 
extreme event related disaster risk caused by climate change induces the development of new approaches for risk 
management based on stakeholders' knowledge. This study shows the application of participatory approaches to discuss 
impacts and adaptation measures at a local level. More specifically, a stakeholder workshop was held in Bilbao on the 16

th
 

December 2014 to discuss impacts of climate change and adaptation in the local context of the Basque Country. 
Participants were invited to expose their experience or research results in any of the three focus axis proposed: impacts from 
climate change, good practices proposed or already in action, and costs and benefits derived from those strategies. After their 
interventions, assistants had the chance to rate the costs and benefits for each category of measures proposed. 
Profile of participants varied. The municipality of Bilbao was represented by experts on risk and disaster management as well 
as experts on green areas, ecosystem services, sustainable drainage systems and health. Private initiative was also 
represented, both in research and in ecosystem based adaptation, as well as academic research. Among the subjects 
addressed on the meeting were impacts of increasing temperatures and changes in patterns of precipitations, ecosystem 
services, use of new communication technologies or safety and security in the urban area in the context of flooding. 
Ecosystems were a primary focus of the workshop. Adaptation measures may relay in part on services provided by ecosystems; 
therefore, protection of these ecosystem services was taken as an important value by the stakeholders. The role of research 
was also indirectly present, mainly by the exposition of its role on risk identification. Another key part was the importance of 
green infrastructures as a solution to reduce impacts such as floods and heat-waves, as opposed to grey infrastructures. 
Communication was also one of the key points of the meeting. It was addressed in two different ways. First, it was emphasized 
the importance of raising awareness among policymakers of the consequences of climate change. In a second view, 
communication was also referenced in risk management. In this case, bidirectional communication was proposed, in order not 
only to endues citizens are aware of the cautions they have to take and the procedures they have to follow but also to share 
the information they may have with the crisis managers. 
 
 
Lessons from Latin America: The constant participatory validation and upgrading of a participatory tool for planning and 
monitoring the adaptive capacity to climate change. 
 Karremans, Brenes Castillo 
EUROCLIMA Programme, BRUSSELS, Belgium 
 
The tool that will be presented is one of the results of a joint programme between Latin America and the EU, funded by the 
European Commission: EUROCLIMA. 



Key management and impact indicators have been developed in relation to climate change adaptation, which will facilitate the 
design and monitoring of National Adaptation Plans. Based on a review of 161 projects in 18 Latin American countries key 
management and impact indicators for adaptation to climate change measures were identified, prioritized and enhanced to 
facilitate the design and monitoring of Adaptation Plans on national as well as local levels. Based on the indicators, an 
interactive tool has been developed that allows an assessment of the adaptive capacity to climate change, in accordance with 
spatial scales that go from national to local. 
The qualitative nature of the tool stimulates discussion within and between groups of stakeholders with diverse interests and 
needs in the face of climate change. In a short time span, weaknesses and stenghts for responses to climate change are 
identified, which will facilitate the design and monitoring of National and Local Adaptation Plans. The tool brings diverse 
stakeholders together in a discussion on climate change and on measures to adapt to its impacts. 
During its development, the tool was validated in several Latinamerican countries, and is structured in such a way, that its use 
in any setting allows for easy adjustments of the indicators to specific needs and circumstances. This strengthens the tool, as 
newly interested parties can find on line a tool enhanced by previous users: the participatory nature of the tool lies not only in 
its application, but also in its constant upgrading. 

 
8. Climate services and communication  

8.1 Ingredients for effective communication of climate change knowledge 

A cross-sectoral analysis of climate change risk drivers 
 Groth, Brunsmeier 
Climate Service Center 2.0, HAMBURG, Germany 
 
The private sector has been increasingly concerned with current and future climate change risks that have the potential to 
generate a substantive change in their business operations, revenue and/or expenditure. A main challenge for the scientific 
community is not only how to communicate about climate change in a way companies are able to understand, but also to 
learn about the actual companies' perspective and needs regarding climate change. Therefore, the paper focusses on the 
companies' perspective and aims to create a higher awareness of companies' risk drivers when it comes to specific challenges 
of different sectors as well as each company within its sector. Furthermore it provides companies with new ways to position 
themselves regarding climate-related risk drivers and to detect innovative ideas on how to adapt to climate change risks. 
Based on companies' responses to CDP's climate change information request 2013, including 125 companies from the DACH-
region (Germany, Austria and Switzerland) reporting to the CDP (formerly Carbon Disclosure Project), the analysis provides a 

detailed companies� perspective on climate-related risk-drivers, comprising changes in regulation, changes in physical climate 
parameters and changes in other climate-related developments. In comparison to past studies on potential impacts of climate-
related risk drivers, the study is not only taking those risk drivers being named the most often by companies into consideration, 
but additionally measures the actual threat of specific risk drivers. The actual threat of a specific risk driver is measured by the 
simultaneous consideration of the magnitude of impact and the likelihood of occurrence for the company. By this it is possible 
to avoid distortion of results due to overestimation of above average frequently named risk drivers with low likelihoods and/or 
low magnitudes of impact such as distortion due to underestimation of below average frequently named risk drivers with high 
likelihoods and/or high magnitudes of impact. 
The results facilitate a comparison of risk drivers between and within sectors. This enables companies first of all to position 
themselves regarding the potential threat they might be facing now and in the future. Secondly, they can assess their 
competitive advantages and disadvantages as well as prioritize risk drivers they have to deal with by evaluating their own 
position within the sector-specific analysis. Regarding specific threats companies are facing, they furthermore have the 
possibility to take good practices and innovative ideas from companies out of different sectors into consideration, aiming for 
an efficient and effective adaptation to climate change. 
 
 
Options for climate change adaptation measures in Europe: the Climate-ADAPT Platform for informing policy/decision 
makers 
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Climate-ADAPT the European Climate Adaptation Platform includes a wide database of more than 1,500 climate change-
related items, grouped in ten categories. Among them, is the collection of Adaptation Options, aimed at providing a catalogue 
of measures already implemented in various parts of Europe and the rest of the world in support to local and regional decision 
makers in their efforts to cope with climate change vulnerabilities. This section of the platform is functionally linked to another 
one presenting Case Studies, illustrating examples of adaptation measures implemented or under implementation as climate 
change adaptation (CCA) initiatives in Europe. 
The structure of the Adaptation Option fact sheet includes information regarding the typology of the measure (grey, green or 



soft), the climate impact(s) targeted, the sector(s) involved, the geographical areas of potential interest. All these data can be 
utilised by users of the Climate-ADAPT Platform, to carry out complex query and search for the information of greater interest. 
Extensive revisions of the set of measures already implemented in the first phase of the platform development are in progress 
with the contribution of expert involved in the European Topic Centre for Climate Change Adaptation (ETC-CCA) and other 
researchers working in related fields. Within these activities a fruitful collaboration has been carried out with colleagues of the 
OURCOAST II project, who were working with similar aims, i.e. building of a catalogue of measures. The two teams agreed on 
the use of the same fact sheet and collaborated in the development of some options. As an outcome of this collaboration, the 
Climate-ADAPT Platform can now count on a new set of options targeting European coastal environments. 
We hope that the presentation of the initiative described herein at the ECCA 2015 Conference could contribute to the debate 
about CCA communication and governance. Moreover, we would like to identify new possible synergies to increase the critical 
mass and thus the relevance of the C-A Platform. Lastly, and very importantly, we would like to collect the feedback from end 
users for the future development and improvements of the Platform usability and effectiveness for local and regional decision 
makers. 
 
 
How to communicate climate change for decision-making? Learning-by-asking. 
 Flood 
New Zealand Climate Change Research Institute, WELLINGTON, New Zealand 
 
A critical component of informed and effective climate change decision-making is to enable climate science communication in 
a way that is relevant to end-users. The Climate Changes Impacts and Implications (CCII) program is tasked with defining and 
developing the type of information required for decision-making and capacity building for climate change adaptation in 
Aotearoa/New Zealand. Relevant end-users comprise of central and local government officials, communities, Maori, and 
sectoral business interests including agriculture, tourism, and fisheries. Preliminary outcomes, drawn from interviews, 
workshops and online discussions, carried out over the last 18 months, point towards some valuable learnings. Specifically, our 
findings highlight the importance of harnessing visual methods to communicate decision-relevant climate change 
characteristics, while maintaining an ongoing dialogue, to ensure that the climate change information needs necessary for 
decision-making are effectively understood by the researchers. This is an iterative process. To date, end-users have engaged 
with two forms of decision-making relevant visual communication: large-format aerial photographs used to geographically 
anchor discussions and indicate potential climate change impacts on specific areas or objects of value; and various visual 
climate service products that present uncertainty and the changing nature of climate change impacts, tailored to end-user 
decision contexts and specific needs. 
Interactive methods that visually represent climate change impacts and implications, empower and involve end-users to a 
much greater extent than the production of traditional scientific outputs alone. The selected methods also help to position 
climate change adaptation decisions within end-users' existing decision settings and bring the future forward to the present, 
thereby potentially enabling them to understand how climate change drives a different type of decision making from the 
status quo. Using aerial photographs in conjunction with climate service products, that characterise the uncertainties and 
changing character of climate change impacts, can potentially help tackle time- and scale-dependent issues by enabling end-
users to understand the risks of climate change for their particular interests. This is reinforced by the communication of the 
possibility of staging decisions over time and space according to the timeframes and spatial requirements, of particular 
decisions that are affected by uncertainty and change noting that not all climate change impacts fall into this category. 
 
 
Constructivist learning models to inform and frame ‘technology transfer' in participatory and co-learning mechanisms 
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<b>Despite considerable investment by New Zealand central government agencies in recent years to develop an evidence-
base demonstrating climate change impacts and opportunities for adaptation, there is little demonstrated impact of increased 
uptake or enhanced strategic planning in the primary sector. Two research programs are currently underway, seeking to better 
understand the drivers for decision-making across primary sectors and geographic regions in New Zealand. The Climate Change 
Impacts and Implications (</b>www.ccii.org.nz<b>) is focused on a biophysical impacts and available responses across alpine, 
upland, lowland, coastal and marine environments. A second project is investigating information and communication / 
technology transfer mechanisms used to inform industry decision making in forestry and agricultural sectors, and seeks to gain 
insight into end-users' information requirements, to support adaptation planning.</b> 
<b> Our research hypothesises that targeted climate change messages, together with mechanisms that address decision-
makers' learning requirements, will enhance uptake of climate change information and support adaptation actions. The focus 
is the decision maker; the message and the mechanism are subservient to their needs.</b> 
<b>Preliminary analysis using systems thinking has identified a range of leverage points for decision makers in primary sector 
businesses. Adaptation here, is conceptualised as a behaviour change, which is initiated as part of a deliberate - albeit informal 
- learning process. Learning is framed in this study in keeping with constructivist learning theory where knowledge is co-

created by the learner in an interpretive process of �negotiation into meaning', through social interactions. The importance of 
constructivism in this context is that learners are responsible for their own learning: learning outcomes have to allow for 



learners' prior knowledge; and learning effectiveness is based on the purpose and motivations for learning and the how the 
learner engages with the learning mechanisms. Hence, using mechanisms that are constructivist in nature could improve 
adaptation uptake.</b> 
<b> This presentation will provide understanding from interviews and the systems analysis with forestry companies on the 
type of information required and what mechanisms may deliver effective learning opportunities.</b> 
 
 
New Paths for Climate Change Communication to the Young 
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Climate-aware behaviour needs to start now. It is, and will be one of our main future challenges, and in some respect it can 
provide new future opportunities. Hence, it is highly important to raise young (14-24 years) people's awareness and strive for 
their engagement in climate aware behaviour. About 75 % of young people recognize climate change as a major problem, but 
few draw consequences for their own actions (Littich, 2012, Schneekloth & Albert, 2011, Zimmer & Draeger, 2009, Kromer et 
al., 2007, Kollmuss et al., 2002). The reasons for this are seen in media's presentational focus on disasters which causes usually 
negative emotions (Hibberd & Nguyen 2013, Thiel King & Moore 2001), but also in the fact that consequences of global 
warming are perceived far away in space and time, and thus young people give greater importance to other urgent issues, such 
as the economic crisis or high youth unemployment (Euro Barometer, 2014, Spence, 2010, APA, 2009). 
The project AUTreach aims to improve the outreach of climate communication in Austria towards the target group of young 
people by shifting communicational focus on strategies to practicable and desirable solutions. We analyze the target groups' 
needs, communication habits and their perspective on existing communication formats. An extensive literature review (Corner 
et al., submitted) indicated first key success criteria for climate change communication to the young. This first framework is 
currently being further developed, adopted and enhanced by empirical assessments: i) Interactive communication 
experiments with pupils and students testing different communication formats; ii) An online-survey among approx. 300 young 
people in Austria focusing on young needs, value concepts and communication habits; iii) An ex-post evaluation of three 
interactive communication formats including interviews; 
The synopsis of the preliminary project results (online survey, workshops, ex-post evaluation) indicates that concrete solutions 
and options - adapted to the daily life of the target group - support effective communication. Successful communication 
formats provide clear messages, using the target group's language, and are packaged preferably in an attractive design. 
According to preliminary results, young people actually prefer videos (e.g. TV, Youtube) as communication channels. 
The results will be translated into a framework which shows the barriers and success factors of climate change communication 
to young people. This framework will be presented and illustrated by selected good practice examples of communication 
formats. 
 
 
Educating the next generation decision makers - the multi-disciplinary classroom as a platform for developing 
communication skills needed for future progress of adaptation measures 
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The scientific knowledge of climate change processes and their worrying future implications for human societies and natural 
systems has developed considerably during the last decade, but necessary adaptive actions by decision makers have so far 
been rather limited. There are several causes to this, such as a discrepancy related to the communication between climate 
scientists and end-users, and the lack of climate educational background of several decision makers. This results in decision 
makers not fully incorporating knowledge on climate change and impacts into adaptive action measures. Hence, educating 
future decision makers, as well as scientists providing the climate knowledge, is therefore highly important in order to 
minimise this reduction of knowledge transfer, and by so improve the necessary decision processes of climate actions. 
Here we report how the Department of Physical Geography and Ecosystem Sciences, and the Centre for Environmental and 
Climate Research at Lund University, work on continuously improving climate communication skills of our Masters students. 
Throughout the academic programs with Masters in Physical Geography and Ecosystem Analysis, and in Climate Strategy, our 
students have mixed educational background (ranging from meteorologists to geographers, from biologists to engineers as 
well as political science students) which generates a unique classroom environment for learning communication across 
borders of different understanding and knowledge background. 
Here we present interesting outcomes of such a set-up, including work hands-on with issues related to climate change, 
impacts and adaptation through exercises, seminars and projects. Students learn how to systematically treat background 
climate information and carefully analyse their results, and to efficiently communicate their findings through written reports 
and oral presentations. Teachers provide formative constructive feedback on assignments throughout the programs, for 
students to improve their subject knowledge and understanding as well as their communication performance. 
To further motivate our students, external professionals from enterprises and authorities working on climate related issues are 
frequently invited as guest lecturers, which also may act as co-supervisors of degree projects. These networks also contribute 



to valuable transfer of scientific knowledge between our departments and the non-academia world. Furthermore, teachers are 
encouraged to develop their own communication skills by e.g. attend tailored pedagogic courses and conferences. Our Master 
programs provide a highly stimulating learning environment in which students are trained to become effective communicators 
of climate related knowledge, being able to critically analyse climate information, impact probabilities, and adaptation 
strategies, and thereby to take on the role as decision makers. 
 
 
A tool to communicate to the adaptation community: a guidebook on climate scenarios 
 Charron 
Ouranos, MONTREAL, Canada 
 
Planning and adapting to a changing climate requires credible information about the magnitude and rate of projected changes. 
Climate science has arguably reached a level of maturity that makes it more decision-oriented. At the same time however, 
potential impacts of climate change raise a number of vulnerabilities and opportunities that decision-makers are asked to deal 
with. Consequently, making decisions in the face of climate change remains far from straightforward. Simply identifying the 
relevant climate information can be a challenge for a decision-maker, and that is but one of the many steps required to 
developing an adaptation strategy.  
Ouranos, a consortium on regional climatology and adaptation to climate change, has developed a guide to help decision-
makers familiarize themselves with different types of climate information so that this information becomes increasingly 
incorporated into an adaptation framework. This organization differs from most other climate service centers by integrating 
climate modeling activities, climate analysis services, and impacts and adaptation expertise under one roof. 
The guide is aimed at all those involved in climate change adaptation, from the early stages of awareness to those concerned 
with implementing adaptation measures. The document is organized around three main sections. The first presents a unique 
way of classifying climate information using a decision-tree. This tool is used to orient users toward three broad categories of 
climate information, namely basic, intermediate, and detailed, which are based on numerous factors such as the use of the 
information, the climate variables of interest, and the spatial and temporal scales over which the information is needed. The 
second section presents a catalogue of different formats that can be used to personalise and tailor climate information to 
different users, based on their expertise and personal preference, for instance. This section aims to help users better analyse 
different types of climate information products and to better evaluate the usefulness and the limitations of the climate 
information that is presented to them. Finally, a third section explains numerous climate modeling concepts. Overall, the guide 
highlights how all climate information, regardless of its complexity, can serve to make decisions. What is important is to choose 
the correct information for the appropriate purpose. 
 
 
A comparison of engagement with different sectors - practical experience from England's Climate Ready Support Service 
Wright, Corbishley 
Environment Agency, NORWICH, United Kingdom 
 
Climate Ready is the official support service provided by the Environment Agency in England on behalf of government. This 
presentation will compare the style and effectiveness of our engagement between different sectors, and what lessons can be 
drawn from this. 
Climate Ready was set up in 2012 to work with the sectors identified within the UK Climate Change Risk Assessment and 
support delivery of the National Adaptation Programme of England. We have programmes of work with 7 sectors - Health, 
Local Government, Business, Infrastructure, Built Environment, Agriculture and Forestry and Natural Environment - each of 
which contains a series of engagement activities and supporting information. We will present results of a significant piece of 
market research we carried out to understand our audience needs and their position on the adaptation journey. This 
suggested that very different approaches are needed for different sectors. For example the agriculture sector is far more 
inclined to deal with immediate weather variability as a way of increasing resilience, rather than considering longer term 
climate change. The natural environment sector has a strong interest in adaptation, but struggles to translate this into practical 
implementation on the ground. The business sector shows significant differences in planning horizons depending on the size of 
the organisation. Working in partnership with other trusted voices (for example trade associations) is important across all 
sectors. 
We will briefly highlight some of the products and engagement that have arisen from this work, for example working with 
public health, major businesses, and conservation NGOs. 

8.2 Implementing climate services in support of adaptation action – a European 
perspective 

Implementing climate services to support adaptation action -understanding the role of providers and purveyors in a 
national context 
 Street, Hayman 
UKCIP, University of Oxford, OXFORD, United Kingdom 
 
Across Europe, there is an increasing focus on developing and implementing climate services to support policy and decision-



making and on increasing European capabilities to help drive the climate services market. Yet at the national level, there is 
often a need to engage more effectively with organisations which have a role or interest in providing and using climate services 
to support decision making activities and to better understand potential links and contributions to current opportunities at the 
national and European level. This includes influencing and benefiting from wider initiatives such as Horizon2020 research and 
innovation prgrammes and associated JPI Climate actions. 
Within the UK, recent work led by UKCIP has focussed on identifying the supply and demand for climate services and 
associated barriers and enablers, and identifying research needs, knowledge gaps and innovations that would support 
organisations in providing climate related servcies. This work also explored links, partnership opportunities and challenges at 
the regional, national and international levels. The overall aim was to identify and consolidate the capacities of UK climate 
services providers and purveyors and to determine, from their perspectives, priority areas for resourcing (by national funding 
agencies, private and public stakeholders, and European research programmes). 
This presentation will reflect on findings from a series of workshops held across the UK in partnership with the UK 
Meteorological Office, the Environment Agency, Adaptation Scotland, ClimateNI, Natural Resources Wales and the Welsh 
Government, particularly those where there are clear messages of relevance to other countries/organisations. We will explore 
identified issues related to the current state of the market, the drivers and barriers to growing the market and challenges 
around raising awareness of the services and providers available. In particular, we will consider approaches that came to light 
which could stimulate uptake and use of climate services and the expressed need for greater engagement of the customer 
base in the co-development and co-evaluation of climate servcies. On research needs, knowledge gaps and innovations, we 
will focus on the benefits of demonstration to stimulate action and learning and to highlight the added value of climate 
services, the need for integration of data and information to support decisions making and the need for supportive toools, 
resources, and training 
By sharing the outcomes from this UK initiative, it is hoped to stimulate discussion and debate to further promote the 
successful implementation of climate services to support adaptation action across Europe. 
 
 
Principles of climate service development. 
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In November 2014, a group of 30 international experts in climate service development gathered in Honiton, UK, to discuss and 
identify the key principles that should be considered when developing new climate services by all the actors involved. Through 
an interactive and dynamic workshop the attendees identified seven principles. This presents these principles and highlights 
their links with exisitng European initiative on climate services. 
 
 
A Climate Information Portal for Copernicus: a central portal for European climate services? 
 Juckes 
STFC, DIDCOT, United Kingdom 
 
The FP7 project 'Climate Information Portal for Copernicus' (CLIPC) is developing a demonstration portal forthe Copernicus 
Climate Change Service (C3S). This project is one of a suite of FP7 research activities whichare administratively independent of 
Copernicus, focussed on creating the technical and scientific building blocksneeded for the service. It is to be expected that at 
EGU 2015 there will be many presentations describing portalsdelivering new and innovative ranges of services. It would be 
unwise to seek to replace all this creative activity witha single portal - instead CLIPC is designing a portal to make distributed 
resources more accessible through flexiblediscovery systems. CLIPC needs to deliver more than a directory of resources: 
resources need to be presented incommon protocols so that users can access multiple datasets.More information about the 
project objectives is available at www.clipc.eu. The gulf between the climate sciencecommunities and the end user 
communities is a central challenge being addressed in the project. It is important tounderstand that there is significant 
diversity and multiple communication barriers within these two sets of communitiesas well as between them. The CLIPC 
services must presentation will provide a review of progress towardsthis ambitious goal, through a discussion of user 
requirements activities, an overview of the proposed architecture,work on assessing and adjusting model biasses, and a 
discussion of the climate impact indicators which will beprovided through the portal.When looking at the usability of data for 
the various users, CLIPC will implement a set of services functioningas a 'knowledge base' supplying information to users about 
the data, including definitions of terminology used,quality of datasets, versioning, and user annotations. 
 
 
The National Centre for Climate Services in Switzerland 
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The Federal Office of Meteorology and Climatology MeteoSwiss is currently establishing the National Centre for Climate 
Services (NCCS) together with several federal agencies and research institutions. The ultimate goal is to provide climate 



services targeted to user needs and to provide climate information and data as a basis for climate compatible decisions, 
adaptation and mitigation. The focuses of the centre is to: 

� establish a national focal point for climate services, 

� coordinate Swiss climate service activities, 

� bridge the gap between climatologists and users of climate services by strengthening and structuring the dialogue, 

� develop climate services in collaboration with the climate science community and sectoral experts, 

� provide climate information and data on today's and on the future climate, including Swiss climate change scenarios. 
The centre is a national effort. But we plan to embed it in the international context by fostering the exchange with global and 
European initiatives such as the Global Framework for Climate Services, the Copernicus Climate Change Services and other 
activities. The aim is to make use of synergies and exchange experience and expertise. 
While the centre will be officially launched in late 2015, one project of the centre already started. We are in the planning phase 
of the next generation of Swiss climate change scenarios. They will among others serve the Swiss climate change adaptation 
strategy. The aim is to provide climate change scenarios targeted to the needs of different user groups and sectors. Therefore, 
user needs are investigated and taken into account from the beginning on. The project is further based on the experience of 
earlier activities such as the climate change scenarios CH2011 initiative. 
The presentation will give an overview of the National Centre for Climate Services and discuss our strategies, activities and 
experience. 
 
 
A Climate Service prototype for drought early warning. 
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The EU-FP7 project EUPORIAS is developing a prototype climate service aimed at enhancing an existing droughtearly warning 
system developed by WFP and owned by the Government of Ethiopia based on a software platform(LEAP) which enables the 
assessment of the number of people in need of food assistance due to drought.Currently, LEAP uses satellite based rainfall 
estimates to monitor drought conditions and to compute needs.This prototype climate service developed within EUPORIAS is 
based on engaging the end-users (WFP, DRMFSS)in the design of the workflow and will integrate seasonal precipitation 
forecasts into the early assessment, whichwill enhance the entire decision making process. 
We will discuss the workflow of the prototype and the current modelling approach for the connection betweenthe climate 
driver (drought) and the corresponding impact (needs). We will also discuss the expected value of theprototype given the 
expected level of skill of the underlying seasonal forecasting system and a preliminary costbenefit scenario for an operational 
impact precdiction system that is able to anticipate the occurrence of the mostsever drought events. 
 
 
Innovations in weather services as a crucial building block for climate change adaptation in road transport 
 Pilli-Sihvola, Harjanne, Nurmi, Perrels 
Finnish Meteorological Institute, HELSINKI, Finland 
 
In Europe, transport sector is highly vulnerable to the impacts of climate change. For the transport sector to adapt to the 
expected changing weather patterns while keeping in mind the uncertainty in climate predictions, costly adjustment of the 
transport infrastructure is not necessarily the most optimal option. This implies that scenario-based long-term climate 
information is rarely the key driver behind climate change adaptation (CCA) decisions. Instead, the focus should be on finding 
strategies and adaptation measures accounting for the changing climate, whilst also addressing the uncertainty related to 
climate change. Weather and climate services (WCS) are an example of such an efficient, low-regret CCA measure. Next to 
climate change, there co-exists another process in society that shape the future of road transport; innovations in WCS and 
technological development in road transport sector are changing the way services are provided, how drivers are using services, 
and the overall safety of the road transport mode. 
The aim of this study is to evaluate how potential innovations in weather services can reduce weather sensitivity and, 
consequentially, decrease the negative effects of climate change in the road transport sector. The objectives are 1) to present 
and describe a systematic approach to analyse the use and value of WCSs (Weather Service Chain Analysis); 2) Analyse the 
value of weather service innovations and to identify where these innovations would provide the most leverage; and 3) 
Evaluate how the expected innovations aid the decision making of vehicle drivers before and during the trip. 
This study, a part of the EU FP7-funded project ToPDAd, is based on existing literature and semi-structured interviews with 
national hydro-meteorological services, experts in the areas of weather observations equipment and related technologies, and 
an end user in a winter road maintenance company. 
The overall trends and innovations in weather services up to 2030 can be classified into three categories: observation 
technology, global weather models and Information and communication technology. These innovations together with 
innovations in road transport sector can significantly decrease the vulnerability of the sector to extreme weather events and 
weather related costs, thus being an important part of the sector's CCA process. Innovations enhance automatic adaptation 



capabilities, which thereby extend the coping range of the road transport system. This allows for an improved exploitation of 
learning options and thereby later investments on other adaptation measures. 
 
 
Implementing climate services to support adaptation action - national GFCS implementation in Germany 
 Fuchs, Rösner, Schreiber, Becker 
Deutscher Wetterdienst, OFFENBACH, Germany 
 
The success of the Global Framework for Climate Services (GFCS) on international level is closely connected to its successful 
implementation on national level. Especially climate information and operational climate services in support of climate 
adaptation and mitigation measures are needed on national and local level. All global GFCS components are relevant on 
national level and are already operationally available in Germany. 
In order to run the climate monitoring component in Germany there are large operational climate observation infrastructures 
on federal and state level in place which are co-ordinated by Deutscher Wetterdienst (DWD) under umbrella of the Global 
Climate Observation System (GCOS). Development and improvement of climate modelling (climate forecasts and climate 
projections) and related information services is mainly the task of German research institutions including DWD. However 
modelling of climate impacts for operational services addressing end users is mainly the responsibility of governmental 
institutions on federal and state level. 
Essential for optimum user service is a national climate information and data platform supported and fed by all national 
institutions providing operational climate services in support of end users. One of these technical climate information 
distribution systems is the WMO information system (WIS), which is open for non-meteorological users. Based on WIS 
technology a national climate data center and climate portal is being developed by DWD. 
In order to identify and link all relevant national players providing and using operational climate services the German Climate 
Portal (Deutsches Klimaportal) has been implemented and is hosted by DWD. Every institution providing operational climate 
services needs to be in close contact with its users and develop climate services based on their requirements. In order to know 
the users requirements in specific climate adaptation sectors annual national GFCS user workshops have been conducted 
during the last years by DWD. 
Provision of operational climate services in Germany with its many players needs clear specification of responsibilities and 
agreement between all partners in order to support optimum contribution to the German Climate Adaptation Strategy. This 
will trigger the implementation of a German climate service network enabling operational, long-term, quality-oriented, 
science-based, climate information and service provision. 
 
 
Status of implementation of the Global Framework for Climate Services (GFCS) 
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The Global Framework for Climate Services (GFCS), a UN-led initiative spearheaded by WMO to guide the development and 
application of science-based climate information and services in support of decision-making in climate sensitive sectors was 
established by unanimous decision of the Third World Climate Conference-3 (Geneva 2009). It aims to promoting the 
development and application of science-based climate information and services to support decision-making for climate risk 
management and adaptation to climate variability and change in the initial priority areas of Agriculture and Food Security, 
Disaster Risk Reduction, Health and Water. 
With the approval of the Implementation plan and governance structure of the GFCS by the Intergovernmental Board on 
Climate Services (IBCS), the GFCS has transitioned into its implementation phase. Implementation is underpinned by 
partnerships with key UN and international agencies, regional organizations, governments and relevant stakeholders. 
Activities are being implemented in various countries in Africa, the Caribbean, Asia and Pacific Small Islands Developing States 
through flagship projects to enable the development of a Proof of Concept. Lessons learned through the Proof of Concept will 
enable the replication of good practices in other parts of the world to ensure worldwide improvements in climate services in 
support of decision making. In Europe a number of countries are making progress in implementing climate services. 
Frameworks for climate services have been established in some countries facilitating the coordination of actions of various 
stakeholders that contribute to climate services. 
 
 
DMI Climate Services 
 Salomon Hess, S. Madsen, Olesen, Christensen, Andersen 
DMI, COPENHAGEN, Denmark 
 
DMI's climate services consist of tailored information on past, present and future climate targeted at professional users and 
decision makers. Relevant information about changes of precipitation, wind, temperature, sea level, sea ice and corresponding 
extreme events is obtainable to support decisions/strategies on design and dimension of climate-resilient solutions and long 
term investments. 
DMI's climate information is based on internationally documented climate research with regional and global climate models, 
weather forecasts and access to climate observations covering Denmark, Greenland and the Faroe Islands. The DMI climate 



services are available in English and Danish and presented in general terms on a webpage, which was published recently. 
Specific services and products will continually be added to the webpage as they are developed.  
As a more general supplement DMI publishes a regularly updated report on climate changes in Denmark with a focus on 
temperature, precipitation, wind and sea level. In particular, changes of extreme weather events such as heavy rainfalls and 
storm surges are highlighted. 
The report provides updated data for observed climate changes in Denmark as well as downscaled future climate projections 
towards the end of this century for various scenarios of greenhouse gas concentrations 
and represents the state-of-the-art knowledge on the Danish climate based on the new concentration scenarios also used by 
the IPCC. 
 
 
Tracing the uses (and potential uses) of seasonal climate forecasts across Europe 
 Bruno Soares, Dessai 
University of Leeds, LEEDS, United Kingdom 
 
Seasonal climate forecasts (SCF) can play an important role in informing and supporting decision-making processes in sectors 
susceptible to weather and climate events and their impacts. However, in Europe the use of SCF by organisations is recent and, 
as a result, very little is known about the uptake and information needs of decision-makers in Europe. To fill this gap we 
conducted in-depth interviews with 80 organisations across a range of sectors in Europe. 
Our analysis has shown that many of these organisations do not currently use SCF and those that do tend to be in the energy, 
water, agriculture, and transport sectors. However, issues related to the different ways in which they use SCF and the provision 
and adequacy of the information available remain. 
Those not using SCF identified the lack of reliability of climate forecasts as the main perceived barrier to their uptake. However, 
aspects such as traditions of performing historical variability analysis and the difficulty of integrating SCF into existing 
operational models were also identified as relevant impediments by some organisations. 
Notwithstanding, many of the organisations recognised the potential to use this type of climate information to help manage 
their operations and activities. In addition, the potential to link SCF with other types of weather and climate information such 
as weather forecasts and climate change projections or scenarios was also noted by some of these organisations. However, 
differences in SCF information needs across and within organisations and sectors were also highlighted. Such diversity, largely 
underpinned by factors such as the nature and aims of the organisation, the range of decision-making processes, and broader 
institutional settings, characterise the complex and heterogeneous landscape of users and potential users of SCF across 
Europe. These differences also reflect, to a certain extent, the ways in which these organisations use (weather and) climate 
information and approach issues such as dealing with uncertainty and the commercialisation of climate services. 
Our research provides important insights into this mosaic landscape of the uses (and potential uses) of SCF which should be 
considered in the emergent context of climate services in Europe, particularly if these are to effectively respond to users' 
needs. We also reflect on broader issues brought to the fore by the emergence of SCF in Europe such as linkages with other 

weather and climate information, the development of a climate services �market', and its use in adaptation decision-making 
in Europe. 
 
 
Climate Service Centre of the Finnish Meteorological Institute develops the climate services to meet the various needs of 
users of climate information 
 Gregow, Ruuhela, Tuomenvirta, Jokinen, Karlsson, Venäläinen, Kukkurainen, Jylhä, Mäkelä, Niinimäki, Pietarila, Perrels 
Finnish Meteorological Instititute, HELSINKI, Finland 
 
Climate services have a long tradition in Finland and they have been provided by FMI in various formats since the 
establishment of the Institute. In the 1990's a special group entitled Climate Services was established and together with the 
climate change scientists it started to focus on tailoring climate change services to several sectors of society.  
 
Since 2014 FMI has a research unit Climate Service Centre (CSC) that consists of three groups. One research group 'Weather 
and Climate' focuses on applied weather and climate change research and consultancy in relation to adaptation needs in - 
among others - agriculture, forestry, energy production, building sector, transport, and health care. It covers all temporal and 
spatial scales ranging from thunderstorm research, satellite monitoring, seasonal forecasting and verification to analysis of 
glacial cycles. It is responsible for downloading, interpolation and downscaling large RCM and GCM ensembles, working in 
close collaboration with the University of Helsinki. The second research group 'Socio-economic impacts' assesses social and 
economic impacts of climate change and of adaptation alternatives from regional to international scales. In support of this the 
group develops integrated GIS based integrated climate & impact databases and related analytical tools, containing weather, 
climate, and socioeconomic observation and scenario data.  
 
The group 'Operational Climate Service' monitors and communicates about the weather and the variability and change in 
climate e.g., through the Portal Climateguide.fi (<http://ilmasto-opas.fi/en>). This group also contributes to the regional 
domains of GFCS in Europe. Complete opening of FMI data to all external users invites the group to transform itself into a more 
business and research orientated service provider.  
 
Collaboration and development support are essential tasks for the entire CSC unit. Within the Nordic Framework for Climate 



Services, it participates in homogenization, high-resolution interpolation, weather hazards and climate monitoring and 
communication initiatives. Jointly with FMI Expert Services it participates in capacity building projects for climate services in 
Asia, Africa, and the Caribbean. A novelty in 2014 was participation in organizing the first and second Capacity Building 
Workshops related to Copernicus Climate Change Services within the project FP7 CORE-CLIMAX. In 2015, the Climate Service 
Centre and the Communication department of FMI celebrate the 10th year anniversary in organizing the course 'Climate 
Education for journalists'.  
 
 
Climate change and fire risk: successful stakeholder products provide the roadmap for additional research in the East 
Mediterranean 
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In the framework of EU project CLIM-RUN, one of the objectives was the analysis of the fire risk in the Mediterranean and the 
provision of appropriate climate indices to estimate future changes especially designed for the needs of relevant stakeholders. 
Through an iterative, stakeholder led approach we moved towards the provision of services to long term forest fire planners 
and policy makers providing a web-based application for long term fire risk and other fire related indices (time horizon up to 
2050 and up to 2100, test case: Greece) (http://www.meteo.noa.gr/oikoskopio). 
In particular, this product provided the necessary information to assess the exposure to forest fires. To this aim, maps 
depicting the days with elevated fire risk (FWI>30) both for the control (1961-1990) and the near future period (2021-2050) 
were created by the web-application. For the calculation of FWI values in the wider area of East Mediterranean, climatic data 
from the PRECIS regional climate model were used. FWI is a daily index that provides numerical ratings of relative fire potential 
based solely on weather observations. The meteorological inputs to the FWI System are daily noon values of temperature, air 
relative humidity, 10m wind speed and precipitation during the previous 24 hours. 
Continuous stakeholder interaction revealed the need to estimate, apart from the exposure factor, the sensitivity factor. For 
the estimation of the sensitivity factor, land cover / vegetation data were obtained from the 10 year MODIS-Global Land Cover 
Climatology database at 0.5km horizontal resolution. For each of the 17 land cover categories available, a flammability index 
was assigned and subsequently a Land Cover Land Use (LCLU) map was produced. Finally, for the estimation of fire risk impact, 
FWI maps and the LCLU map for the current and future climate were combined. 
The potential fire risk impact was then estimated as the product of sensitivity with exposure and was found to be greater for 
the northern and eastern part of the Eastern Mediterranean region.  

8.3 Curating climate impact information and adaptation know-how for local adaptation 
planning — suitable instruments, formats and media 

The Dutch Web Portal for Spatial Adaptation 
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The Knowledge Portal Spatial Adaptation (www.spatialadaptation.com) was released in 2014 and provides support 
(knowledge, information, tools and practical examples) for adaptation in cities. 
Context: Dutch Delta Program 
The Dutch Delta Program explicitly addresses cities. Cities are encouraged to develop adaptation strategies by 2017. All 

authorities and market parties share responsibility for this. An important element of the �Delta Decision on Spatial 
Adaptation' is that all authorities have determined that in 2050 The Netherlands must be as climate-proof and water-robust as 
possible. The Spatial Adaptation Portal was created to facilitate local and regional governments in achieving this goal. 
Guideline and accompanying tools 

The portal is a �workspace' to help cities in developing adaptation strategies. It offers maps, tools and guidelines to perform a 

�stress test', it highlights innovative and attractive adaptation options and it gives examples and lessons from practical 
examples. The aim of the portal is to lower the threshold for adaptation to a minimum by serving condensed up-to-date 
information, a guideline, easy to use tools, practical examples, showcases and the access to a network of peers. This content is 
provided by a great variety of public and private parties. 
The Guide to Spatial Adaptation offers assistance in climate proofing and water resilient planning. The guide is as a practical 
instrument for various target groups on how to handle adaptation in relation to maintenance of the public space, choice of 
location for new housing or infrastructure, granting of permits, policy making and investment decisions. This is done in three 
phases. The Analysis phase helps to identify the vulnerabilities and opportunities that arise because of climate change. The 
Ambition phase is meant to determine the level of ambition and aimed at the process of anchoring this ambition in objectives 
and strategies to reach these objectives. The Action phase deals with embedding objectives and strategies in policies and 
regulations, eventually leading to realisation. 
Presentation 
In this session we'll provide insight in the function of the Knowledge Portal within the context of the Dutch adaptation strategy 
for urban areas. We'll address questions like: what kind of information is served? Who are the target groups? Which do's and 



don'ts did we consider in the setup of the portal? How are we going to stimulate and monitor the use of the portal? 
Contact 
Hasse Goosen hasse@climateadaptationservices.com 
Marco Hoogvliet marco@climateadaptationservices.com 0031 6 516 47 223 
 
 
How to approach citizens about prevention? The potential of volunteer workers in disaster emergency and relief services as 
risk communicators 
 Seebauer
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Voluntary emergency and relief services, such as fire-fighters or emergency medical organisations, form the backbone of 
disaster management in Austria and in other European countries. While these volunteer organisations currently focus on the 
direct response to disaster events, this study examines how they could expand their activities to earlier stages of the risk 
management cycle (e.g. risk prevention). We identify a potential for volunteer organisations to support ongoing efforts in 
building awareness and communicating risks, subsequently triggering preventive action among private households at risk of 
flooding. Volunteer organisations are tightly interwoven in the social fabric of Austrian municipalities, since volunteers are 
recruited from all societal groups and enjoy broad public trust. Therefore, they are naturally predisposed to function as 
multiplicators or change agents, influencing citizens by environmental norms, professional knowledge, additional contacts or 
new ideas. 
The study draws on a survey sample of more than 800 households from ten flood-prone municipalities in Alpine regions in 
Austria (survey currently ongoing). We compare how volunteers versus the local government (mayor and elected 
representatives) versus neighbours may act as gate keepers to build communal adaptive capacities. Based on the Trust-
Confidence-Cooperation Model of Earle & Siegrist (2006), citizen perceptions of these three groups regarding trust (fair, open, 
and neutral communication) and confidence (competence in assessment and coping with past and future risks) are contrasted. 
Then, trust and confidence are compared in their respective impacts on citizen cooperation (flood risk perception, non-
protective responses like wishful thinking, or willingness to engage in preventive action). Selected findings show that 
volunteers indeed enjoy higher public trust and confidence than the two other groups. They are an important and trustworthy 
go-to-source of information on flood hazards. Contrastingly, the employment of non-protective responses is foremost 
connected to trust and confidence in the local authorities. 
In addition, policy workshops with stakeholders from disaster management were carried out to elaborate on the potential role 
of volunteers as change agents. Promoting preventive action among flood-prone households is regarded imperative to keep 
future flood hazards manageable. Older volunteers, who retired from active service but have extensive experience from earlier 
flood emergency operations, are most designated as effective risk communicators. However, they would require special 
training in lay communication. 
 
 
Climate change adaptation measures concretely in action: Climate-ADAPT case studies 
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Climate-ADAPT the European Climate Adaptation Platform includes a wide database of more than 1,500 climate change-
related items, grouped in ten categories. Among them, case studies aims to play a relevant role in supporting local and regional 
decision makers in their efforts to cope with vulnerabilities to climate change through the design of strategy and plan and the 
concrete implementation of adaptation measures. Illustration of examples of adaptation measures implemented or under 
implementation also aims to highlight that climate change adaptation (CCA) initiatives are already in place in Europe. These 
can include cases directly or partly funded as CCA measures or also cases mainly implemented because of other policy 
objectives but with significant consideration of CCA aspects. 
In contrast to other case study collections that might focus on assessing vulnerabilities or describe planned actions, Climate-
ADAPT case studies intend to illustrate concrete implementation of practical experiences of climate change adaptation. Three 
criteria are considered as inclusion/exclusion ones in the selection of relevant case studies: clear climate change adaptation 
relevance, actual implementation of strategies or measures, information accessibility and possibility for evaluation. Great 
attention is also given to a reach a good coverage of considered sectors (agriculture and forest, biodiversity, coastal areas, 
disaster risk reduction, financial, health, urban, infrastructure, marine and fisheries, water management) and impacts (extreme 
temperatures, water scarcity, flooding, sea level rise, droughts, storms, ice and snow) as well as a balanced geographic 
distribution (among European macro-regions and possibly countries). 
Provided information is not limited to the case study description (approached challenges, objectives and implemented 
solutions), but also extends to issues related to contacts and source for detailed information, implementation time and lifetime 
of adaptation measures, legal aspects, stakeholder participation, success and limitation factors, cost benefit. Dissemination of 
Climate-ADAPT case studies aims to increase awareness on concrete CCA examples and stimulate local and regional 
stakeholders to provide information on their own experiences on climate change adaptation, contributing to the on-going 
process of improvement of the case studies' database, in particular to fill major gaps (e.g. health, financial, and marine and 
fisheries sectors; impacts related to changes in ice and snow; Baltic Sea, Black Sea and Alpine Space macro-regions; trans-



boundary initiatives). Moreover, case study illustration is essential to gather users' feedbacks on proposed examples, related 
contents and functionalities, thus enabling to improve Climate-ADAPT usability and real utility for local and regional decision 
makers. 
 
 
Adaptation Support Toolbox 
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One of the hardest parts of planning for a more water and climate resilient urban environment is the selection of an 
appropriate set of adaptation measures. There is a wide choice of measures available, ranging from the scale of each individual 
house to the full urban scale and from grey to blue-green interventions. Moreover, we would like to maximize benefits from 
our adaptation investments, by making optimal use of (eco)system services they provide and economic opportunities they 
create; we e.g. strive for improvement of the quality of our working and living environment, for a reduction of our 
environmental footprint, for a healthy and sustainable urban environment and other objectives. 
Many stakeholders have keen and vested interests in the project area that we are focussing on. As a result it is often hard to 
find an acceptable balance of interests in the adaptation plan. Poignant problems in the planning process are (a) participants 
are often unaware of potential technologies or solutions that can be applied under the conditions in their project area and (b) 
they have no insight in the effectiveness, costs and benefits of their ideas, nor in the adaptation assignment they have to strive 
for.  
Key question is how we can best support, facilitate and speed up this fuzzy planning process? 
The planning process is often complex and far from linear; the close interaction between the designers and co-designers, the 
dialogue with the other stakeholders and the need quantify effectiveness, technical details, costs and benefits leads to an 
iterative process full of feedback loops. Yet, the main steps in this process can be structured into several steps leading to 
specific intermediate results, such as 'first ideas about potential adaptation measures' and 2 or 3 alternative plans for making 
the project area more climate resilient. 
And each of these steps is now supported with specific tools.  
 Site selection can be done with the Climate Stress Test procedure of the Netherlands Delta Programme 
(www.ruimtelijkeadaptatie.nl/en/vulnerability). Our contribution/presentation will however concentrate on the CAPP (Climate 
Adaptation App; www.climateapp.org) and the AST (Adaptation Support Tool), a touch-table based planning support system 
which was developed as part of the Climate-KIC Blue-Green Dream project. The AST includes a assistant for selecting effective 
measures, a touch-table to plan selected measures and and a 'dashboard'showing adaptation performance, costs, 
performance, co-benefits, etc. These tools were successfully tested in pilot projects in Beira, Mozambique and London, UK. 
 
 
 The role of flood action groups in the uptake of flood mitigation measures in Scotland  
 Dittrich, Ms Wreford 
Scotland's Rural College, EDINBURGH, United Kingdom 
 
In Europe, storms and flooding are the most costly weather-related disasters. Between 1980 and 2006, they accounted for 
77% of economic losses due to extreme events (CEA, 2007). On the household level, not only losses to property occur but the 
recovery stage for flood victims often has repercussions on the family, health and work situations (Hendy, 2009). Climate 
change may increase the frequency of high impact flood events locally in the future (IPCC, 2012), a development which can be 
aggravated by the development of housing in flood prone areas (Bouwer et al., 2010). 
Taking all these factors into account, implementing measures to mitigate flood risk is crucial for the private sector namely 
measures on the household level. Private flood risk mitigation measures can reduce the risk from flooding significantly (ICPR, 
2002, DEFRA, 2008, Kron and Thumerer, 2002, Kreibich et al., 2005, Olfert and Schanze, 2008). Yet practical experience 
suggests household do not necessarily implement mitigation measures (Kunreuther, 1996, Peek and Mileti, 2002) to increase 
their resilience to flooding. Understanding which factors influence the uptake of flood risk mitigation measures on the 
household level has thus important implications on how to design measures to induce people to take charge of flood risk 
mitigation (SEPA, 2014, Dawson et al., 2011, Meyer et al., 2012, Kellens et al., 2013). In our work, we investigate the impact of 
flood action groups in ten communities in Scotland. Flood action groups around Scotland were formed by residents in 
cooperation with the Scottish Flood Risk Forum in response to the threat from flooding in these communities. The flood action 
groups offer to a different degree information and training on flood mitigation measures. We specifically investigate the 
uptake of four measures: insurance, flood warnings, sandbags and flood gates. Using regression analysis, we compare uptake 
of the measures before and after the foundation of the flood action groups and find positive effects for most measures. The 
effect is more pronounced if specific information on the measures were provided indicating the importance of tailored 
content. Other factors that influence the uptake of measures include the perceived risk of getting flooded, the perceived cost 
and effectiveness of the measures. The results indicate that flood action groups if designed appropriately can be a cost-
effective way of increasing the uptake of flood mitigation measure in particular in small communities. 
 
 
Uncertainty assessment tool for climate change impact indicators  
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A major difficulty in the study of climate change impact indicators is dealing with the numerous sources of uncertainties of 
climate and non-climate data. Its assessment, however, is needed to communicate to users the degree of certainty of climate 
change impact indicators. 
This communication of uncertainty is an important component of the FP7 project 'Climate Information Portal for Copernicus' 
(CLIPC). CLIPC is developing a portal to provide a central point of access for authoritative scientific information on climate 
change. In this project the Climate Service Center 2.0 is in charge of the development of a tool to assess the uncertainty of 
climate change impact indicators. 
There is a lack of a systematic classification of uncertainties arising from the whole range of climate change impact indicators. 
We develop a framework that isinspired by the graphical representation of data in a heat map. The colours stand for the 
sources of uncertainty: a field gets a colour assigned, if this source of uncertainty is relevant for a certain indicator. The field is 
gray if this source of uncertainty is not relevant for a certain indicator. 
The matrix of the uncertainty assessment tool consists of three main rows which correspond to the CLIPC meta-classification of 
climate change impact indicators: Tier-1 indicators are intended to give information on the climate system derived from 
satellite or in-situ observations, climate models or re-analyses. Tier-2 indicators attempt to quantify the impacts of climate 
change on biophysical systems. Tier-3 indicators primarily aim at providing information on the socio-economic systems 
affected by climate change. At each level, the potential sources of uncertainty of the input data sets and its processing will be 
discussed. 
 
 
Co-creating climate and adaptation knowledge: Experiences from the RAMSES project  
 Terenzi, Peleikis 
ICLEI, Local Governments for Sustainability, FREIBURG IM BREISGAU, Germany 
 
Many climate change risks threaten urban areas, which hold the majority of the EU population and most of its assets and 
economic activities. Local governments are at the heart of successful urban adaptation as much of it depends on integrating 
adaptation into local policies and regulatory frameworks. 
Climate change requires decision-making based on the latest scientific findings. Scientific inputs are critical to understand 
climate change hazards, and in this way provide the foundation for decision-making. They are also fundamental to create 
political buy-in and to take appropriate and affordable action. The interface between science and policy is therefore of highest 
importance for effective and efficient local adaptation. 
However, scientific knowledge is often not incorporated in policy-making. At the same time scientists are not always motivated 
to orient their work towards policy and are often not familiar with complexities and needs of decision-making. 
In order to foster a dialogue between researchers and practitioners on urban adaptation, the RAMSES project is organizing 
three Stakeholder Dialogues. These events serve as a co-creational experience in which research results and questions are 
presented and discussed. The emphasis is set on collecting feedback to further shape the project outcomes and ensure that 
the project research meets the needs of local decision-makers and adaptation practitioners. 
ICLEI, responsible for the organization of the RAMSES Stakeholder Dialogues, proposes two options to present the format of 
the Stakeholder Dialogues as well as the experiences made in the first event, implemented in October 2013: 
(1) A presentation: ICLEI will present the format of the co-creational event as well as the experiences made in the first 
Stakeholder Dialogue. The feedback from both research partners as well as participants representing local governments and 
adaptation practice will be considered. Possibly, one of the research partners whose research topics where featured during the 
first Stakeholder Dialogue will contribute to the presentation sharing their experiences with the session participants. 
(2) A panel discussion at the end of the session: After a short introduction to the format of the Stakeholder Dialogues, a 
moderated discussion will take place between 2-3 research partners whose research results and topics were featured during 
the first Stakeholder Dialogue and 2-3 participants of the same event (local government representatives/adaptation 
practitioners). In this way, the impressions will be shared in an immediate way. The scientific partners will furthermore reflect 
in how far the Stakeholder Dialogue has contributed to shaping their further research. 
 
 
BLUEAP: communication is core to climate resilience? 
 Pelizzaro 
Climalia, MILANO, Italy 
 
The main goal of BLUEAP LIFE+ project is to define a Local Adaptation Plan for Bologna Municipality and to make the city more 
resilient and able to prevent to the climate changes impacts at local level. The municipality is implementing a comprehensive 
and innovative information system that linkage environment and social data and scale down the future impacts. The info 
system is designed to support the local participatory planning process, to select better and effective strategies, and it will be 
use as baseline framework to monitor and to periodically improve the actions included in the future Local Adaptation Plan. 
Thanks to the Blue AP(P), a smartphone application which was developed in collaboration with the Municipality of Bologna as 
part of the BlueAp project, we aim to demonstrate how the application can be utilized to inform citizens and stakeholders 



about climate adaptation and resilience. We will also examine how the app can help involve citizen and local communities in 
data collection processes while allowing them to showcase their adaptation work. The aim of the article is to demonstrate how 
a comprehensive and integrated local scale analysis and a 'tailor made' planning process, supported by an interactive tool, are 
the right ways to deal with environmental problems generated at global level, but with a direct local impact. This approach 
could become the most effective way to activate local policies to tackle climate change adaptation needs and manage 
adaptation strategies. The future BLUEAP Protocol among the private actors and the Bologna Municipality aim to demonstrate 
that sharing responsibilities and risk between public and private sectors can be effective when is supported by a mutual, step-
by-step management cycle (commitments subscription, target setting and planning, monitoring, reporting). In addition the 
methodologies developed for the participatory process and for the Local Climate Profile demonstrates that stakeholders 
engaged in the development of adaptation strategies enhance their urban planning strategies with regard to water 
management, green areas, health and social services. The benefits of the proposed approach will be shown through the 
participatory planning process in the Municipality of Bologna and by means of pilot scale applications. 
 
 
Facilitating local climate adaptation through public participation - lessons learned from the Tainan Climate Change 
Adaptation Forum in Taiwan 
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Adapting the impact of climate change is a task that is highly related to local institutional, cultural, environmental and 
socioeconomic contexts. Actors involved in framing the adaptability of a place can be many, including government sectors and 
a variety of stakeholders such as representatives of local communities and land developers. The involvement of local 
stakeholders in policy-making is important - not only to form a strategy that can be more suitable to the local context but also 
to facilitate supports for implementation. However, discussion of policy-making to climate adaptation in Taiwan is primarily 
addressed in the government. Participation of local actors is few and seldom examined in relevant studies. 
This paper presents the lessons learned from the Tainan Climate Adaptation Forum. This event was hosted in 2014 by the 
national research programme (Taiwan Integrated Programme on Climate Change Adaptation Technology, TaiCCAT) and the 
municipality of Tainan. It was a pilot study in Taiwan that a wider set of actors was invited to share their knowledge and 
experiences of local climate adaptation. By presenting this event, the study explores the way in which local stakeholders in 
Tainan can be practically addressed in framing climate adaptive strategies. Recommendations related to future development 
for local adaptation will also provide. 
 
 
Engaging Climate Change Communication professionals in a global conversation 
 Trannin 
Universidade Estácio de Sá & CCIAM, RIO DE JANEIRO, Brazil 
 
This Project is part of a post-doctoral Study on Climate Change Communication, as a contribution to improving adaptive 
capacity and resilience through Communication. Its relevance is based on the importance of better understanding climate 
communication that works for decision makers and also for newspaper readers and society. 
We are conducting a series of ten semi-structured interviews with jornalists and comunication professionals, in order to 
understand their strenghs and fragilites to this matter, as well as to collect sugestions that may help to improve 
communicating climate change. 
The idea is to develop data to help the construction of a conceptual framework and possibly suggest communication tools, 
languages?? and techniques that an be more efecctive in improving public awareness and adaptation to Climate Change 
through Communication. 
 
 
Using a game approach to support decision-maker´s appraisal of climate adaptation measures: an example from the water 
utility sector 
 Capela Lourenço, Avelar 
Faculty of Sciences - University of Lisbon, LISBOA, Portugal 
 
The use of gamming approaches with underlying serious purposes are expected to foster learning, dialogue and action on 
climate change adaptation (CCA) by allowing direct engagement of participants, in contrast to unidirectional learning using 
traditional methodologies. Designing and applying such rule-base games to complex systems with multiple stakes is not 
straightforward but has the potential for creating compelling learning experiences, while producing relevant knowledge. 
Despite their growing popularity CCA games may still be considered frivolous and requiring additional research into their 
capability to support decision-making. Related games have been developed for multiple areas, but monitoring and evaluation 
studies as well as application reviews are still required to understand their effectiveness. For example, experience shows that it 
may be important to asses not only the barriers and levers for these games but also what worked and what not, and if the 
outcome would be different without its use. In the context of a project with Portugal's largest water utility company, a serious 
game approach was designed and applied to the appraisal and prioritisation of CCA options and measures. The overall goal of 
the project was to develop knowledge on climate change vulnerabilities and a CCA strategy for the company. The game was 



developed to assist the later objective by providing a robust decision-support methodology able to deal with CCA associated 
uncertainties and the complexity of the system at hand. The actual gamming set up was designed to take up a single day in 
order to deal with the lack of time and availability for personalised interviews and the need to generate consensus. The game 
consisted of a 49-card (plus nine wildcards) and board, representing pre-selected CCA measures from an initial portfolio of 350, 
clustered into six types of options. Each card described a CCA measure, providing info on its cost range, expected lead time, 
necessary agents and potential co-benefits. CCA measures were appraised against climate-related vulnerabilities, for the 
system as a whole (abstraction and transport) and for the company's three main water supply sources. Twenty decision-
makers across divisions and departments, from top-management to operators, participated in the game workshop and 
underwent four rounds of mixed breakout groups where they had to choose a limited number of measures. This paper will 
present the game methodology and the results of this appraisal and prioritisation exercise as well a set of emerging reflections 
on the use of this sort of methodologies. 
 
 
Providing information - enabling knowledge 
 Meinke 
Helmholtz-Zentrum Geesthacht, GEESTHACHT, Germany 
 
After several years of science-stakeholder dialogues regarding climate change in Northern Germany there are more than 1000 
registered users in the Northern German climate office. These users can be classified into eight different user groups: 1) 
scientific networks, 2) media, 3) civil society organizations, 4) regional authorities and administration, 5) political actors and 
parties, 6) education, 7) economic/private sector actors, and 8) general public/individuals. Within this dialogue process 
different communication forms were developed and tested. Mainly, our stakeholder dialogue is organized in stakeholder 
events and different training formats (about one per week), answering direct inquiries and the co-development of information 
products. One example for the latter is the co-production of the Norddeutscher Klimamonitor (www.norddeutscher-
klimamonitor) which was co-developed with the German Weather Service and representatives of the federal states to meet 
their needs regarding a suitable regional climate monitoring. Analysing the preferred communication forms of the eight 
different user groups of the Northern German Climate Office it turned out that each group prefers a different communication 
form. 
A survey among mayors at the German Baltic Sea Coast shows that minor interest of political actors in regional climate services 
corresponds to low priority of climate change in their political agenda. 
 
 
Ireland's Climate Information Platform - Enabling Local-level Adaptation Planning in Ireland 
 O'Dwyer, SG Gray, KK Kopke, EL Lyons, JG Gault 
Coastal & Marine Research Centre, University College Cork, CORK, Ireland 
 
Until recently, due to a lack of a statutory requirement and also a lack of awareness amongst decision makers, climate 
adaptation has not been considered a high priority for decision-making in Ireland. However, the publication of Ireland's 
National Climate Change Adaptation Framework (NCCAF) (2012) and Climate Action and Low Carbon Development Bill (2015) 
has now made the incorporation of adaptation into local planning practices a mandatory requirement. This poses a challenge 
to decision makers in Ireland who in the context of the three phases of the idealized adaptation planning cycle now need to 
begin the adaptation process by enhancing their understanding and subsequently transition through the planning and 
managing phases. In response, and in collaboration with the Irish EPA-funded projects Developing guidelines for the integration 
of climate adaptation in Irish spatial planning and SEA procedures and Adaptation Preparedness Indicators, the Irish EPA-
funded project Ireland’s Climate Information Platform (ICIP), aims to facilitate decision makers in making use of available 
information to develop long-term flexible adaptation strategies that address not only climate adaptation objectives but also 
existing legislative obligations and requirements. 
Currently, for Ireland, a deficit in understanding forms a key barrier to the commencement of the adaptation process. 
Awareness raising represents a soft adaptation measure and aims to increase concern, inform the target audience and 
overcome the more common barriers to climate adaptation (e.g. skepticism and denial). Through the provision of awareness 
raising information, ICIP aims to address this deficit and increase decision makers understanding of climate change, 
uncertainty, and the requirement for adaptation.  
For Ireland, there is now considered adequate climate information and data to begin planning for climate adaptation. 
However, this data is fragmented, with differing means of access, and has been developed using different techniques, models 
and scenarios. Thus, the employment of this information by decision makers is problematic. As a result, ICIP is collating and 
tailoring existing and relevant climate information for Ireland, enabling users to redefine the problem of climate change for 
their area and begin to understand the range of climate change impacts that they might face.  
 In order to facilitate decision makers in meeting the requirements of NCCAF and, in doing so, overcoming uncertainty and 
transitioning to the planning and managing phases of climate change adaptation, tailored decision support frameworks and 
tools are being developed that are specifically designed to facilitate the incorporation of adaptation into current planning 
practices in Ireland.  
 
 
Closing the gap: How boundary workers can bridge the gap between climate impact information provided and its 
application by users  



 Goosen, AM Groot 
Alterra - Wageningen UR, WAGENINGEN, Netherlands 
 
The role of boundary workers (or purveyors) in enhancing the use of climate services is increasingly recognized. Boundary 
workers operate at the interface between hard core data producers and end users. These intermediaries usually use climate 
data available from other providers and add value (knowledge and expertise) to these data in order to provide the climate 
impact information required by the users. Crucial activities of boundary workers include helping users to specify their 
information requirements, communicating their information needs to data producers, post-processing climate (impact) data 
and sharing experience amongst users. As boundary workers are not used to put themselves in the forefront, it is still unknown 
what makes their intermediary efforts effective.  
The presentation will discuss lessons from boundary workers in the field of climate change adaptation who have bene involved 
in EU projects such as BRIDGE (sustainaBle uRbanplannIng Decision support accountinG for urban mEtabolism), CIRCLE 2 and 
CLIPC (Europe's CLimate Information Portal for Copernicus and indicator toolbox) and Dutch projects including Climate Proof 
Cities and the Climate Effect Atlas. Their lessons will highlight strategies to effectively facilitate face to face interaction 

between producers and end users as well as amongst these users such as �Communities of Practice', �web-based user 

platforms' and �design workshops'. The presentation will also synthesize the dos and don'ts in the communication of climate 
impact information between boundary workers, data producers and end users.  
 
 
Identifying practical climate parameters for regional adaption planning 
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Regional climate models in high spatial and temporal resolution provide a data base for climate change adaptation on a 
regional scale. At Karlsruhe Institute of Technology (KIT), an ensemble of simulations of the regional climate model COSMO-
CLM (based on the forecast model of the German Weather Service) with temporal resolutions of up to an hour and a 

horizontal grid spacing of 7 km (0.0625 �) is available for the time periods 1971-2000 and 2021-2050 (Berg et al. 2013, 

Mei�ner et al. 2009). The advantage of this fine spatial resolution is a good representation of locally and regionally specific 
climatic conditions. This is especially important in structured terrain that characterizes Southern Germany. 
In order to provide a user-oriented and tailored climate service for regional stakeholders, climate scientists need to know 
which climate parameters are relevant for practical adaptation planning. Within climatology many parameters exist. Still, not 
all parameters are of interest to adaptation planning. On the other hand, several practical parameters are not evaluated from 
climate simulation data at all. In many regional action areas, however, special climate parameters are needed, which take into 
account certain thresholds. These parameters can also include a combination of meteorological parameters and even 
durations, like at heat waves. Some of these practical parameters are introduced in the presentation. 
The current study is part of a project at the South German Climate Office at KIT and aims to strengthen the dialogue between 
climate sciences and stakeholders. A survey was launched in Southern Germany, which includes a questionnaire for 
municipalities and expert interviews. In the end, practical parameters are identified and communicated to climate scientists 
who can analyse their future development by means of regional climate model simulations. 
The central questions in the questionnaire are: 
Which climate change impacts are most relevant for climate change adaptation planning and actions in Southern Germany? 
For which parameters do stakeholders need future projections in order to assess these climate change impacts? 
Which impacts will make local adaptation measures in the individual fields of action urgently necessary or even impossible? 
The presentation will show first results of the survey. 

BERG, P., Wagner, S., Kunstmann, H., Sch�dler, G., 2013: High resolution regional climate model simulations for Germany: 
part I - validation. Clim Dyn 40, 401-414. 

MEISSNER, C., SCH�DLER, G., PANITZ, H.-J., FELDMANN, H., KOTTMEIER, C., 2009: Highresolution sensitivity studies with the 
regional climate model COSMO-CLM. - Meteorol. Z. 18, 543-557. 
 
 
Reducing the gap between climate services and their potential users: Psychological surveys as a means for developing 
effective communication instruments 
 Grothmann
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One way to reduce the gap between existing climate services and their potential users is to better understand the users. 
Therefore, in a study focusing on the development of effective communication instruments to stimulate self-protective 
behaviour during heat waves among the elderly in Germany we conducted a representative telephone survey with 501 people 
aged 65 and over. Similar to target group analyses in marketing research, we asked our survey participants for their 
information needs and their preferred information channels for heat and health information. Different from most target group 
analyses in marketing research and different from current practice in the development of climate services we also tried to 

understand the drivers of � and barriers to � their self-protective behaviour. We developed the respective questions from 
current psychological knowledge on explanatory factors for self-protective behaviour. Primarily, three influential theories on 



self-protective behaviour guided the questions included in the survey: Protection Motivation Theory (PMT) (Rogers, 1983; 
Rogers and Prentice-Dunn, 1997), Health Belief Model (HBM) (Hochbaum, 1958; Champion & Skinner, 2008) and Norm-
activation Theory (NAT) (Schwartz, 1977). Multiple regression analyses detected the following statistically significant 
determinants of self-protective behaviour in our sample: (i) a combined measure of self-efficacy and outcome-efficacy beliefs 
regarding self-protective behaviour, (ii) subjective norm / perceived responsibility for self-protective behaviour, (iii) a 
combined measure of heat risk experience, risk perceptions and risk related worry, and (iv) gender. Women showed more self-
protective behaviour than men. Furthermore, we asked for barriers to self-protective behaviour perceived by the survey 
participants, detecting living conditions not adapted to heat as the most important barrier. Based on the results of the 
telephone survey we currently conduct and evaluate a communication campaign that focuses on the significant determinants 
of self-protective behaviour, for example by increasing self-efficacy and outcome-efficacy beliefs regarding self-protective 
behaviour during heat waves among the elderly. 
 
 
Stakeholder Dialogue: the nexus between scientists and authorities 
 Mendizabal
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The Stakeholder Dialogue allows to sharing initial input on the research projects with stakeholders and getting feedback from 
them. Furthermore, it creates awareness about the research amongst high-level stakeholders and cities. 
The paper will present the SD that brought together around 25 participants from different European countries, including city 
representatives and regional actors, research and European institutions, international organisations and adaptation 
stakeholders from the private sector. The Stakeholder Dialogue is organised along the main topic 'creation of a vision towards 
sustainability'. 
The main steps followed consist on: 
Prepare the description of the base-line for each city group: consist on the preparation of material to send to participants' 
before-hand, related to expect impacts and vulnerabilities of the cities involved on the SD. The kind of information sent and 
the usefulness of this information in the creation of the basis for drawing the current situation will be discussed. 
Concepts presentation: What do we mean with transition strategies? How can this be explained? How can this be useful for 
cities in supporting their work on adaptation? Is it helpful for cities to work within a specific vision or is too abstract? Somme 
conclusions. 
Interactive group exercise. Participants identify visions, factors and triggers for a transition strategy. Based on a group 
facilitator to describe case city, to help in a vision definition and in the transition factor identification. Somme results will be 
presented. 
The SD provide researchers with valuable input to further shape their research and is also a milestone in creating a 'project 
community' of interested stakeholders (among which several cities). This analysis concludes in a preliminary identification of 
transition factors which are integrated in the research development. Finally, it is crucial to highlight the importance of 
preparing the SD and the role of the group facilitators. It is important to bear in mind that the SD is not the venue to gather all 
information needed from the researchers but rather an event that can open doors and that can provide general feedback from 
a mix of stakeholders on the research. 
Tecnalia's contribution will be part of a common slot with ICLEI in which TECNALIA's experience with regard to stakeholder 
engagement during the 1st and 2nd stakeholder dialogue will be shared with participants, either by means of a presentation or 
in the form of a facilitated panel discussion around key questions. 
 
 
Valuing Weather and Climate: Economic Assessment of Meteorological and Hydrological Services 
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For climate change impact and adaptation assessment, as well as for implementation and monitoring of adaptation plans 
climate services play an indispensable role. The generation of climate and weather services depends on an intricate 
infrastructure of observation, data processing and modelling facilities, as well as extensive international cooperation. 
The prevailing trend in public sector spending is one of restraint, with additional scrutiny regarding options to dispense 



activities to the private sector. As a consequence many if not all national meteorological and hydrological services (NMS) are 
under constant pressure to demonstrate that their investments and operational budgets pay off well for society. At the same 
time these agencies are demanded to provide an ever increasing amount and variety of information concerning historic, 
current and future climate at different resolutions and in a wide variety of combinations with other (impact related) 
observations. In order to be able to do so NMSs, partly in cooperation with other players, should ensure continuity in funding 
of up-to-date observation infrastructure as well as modelling and research capabilities. 
In order to provide adequate evidence of the societal net benefits of weather and climate service systems, NMSs need to 
develop a practice of recurrent socioeconomic evaluation of their service portfolio and their investment and development 
needs. Since NMSs rarely have in-house expertise on socioeconomic evaluation, external guidance in combination with an 
intra-sectoral learning and twinning process is called for. In support of such guidance the World Meteorological Organisation in 
cooperation with the World Bank, and with additional support from USAID, engaged in the production of a guidebook for 
socio-economic benefit analysis of meteorological and hydrological services (Anderson et al 2015). For the specific field of 
weather and climate services there is only a rather dispersed collection of publications that deal with some aspects of 
(e)valuation for some services or user groups. A more comprehensive publication was missing so far. The applicability of the 
guidebook, to appear in May 2015, is however much wider than for NMSs only. The approach invites to thoroughly consider 
the entire value chain from observation to decisions made by end users of weather or climate services, and also extends 
beyond monetized benefits and costs. Particular attention is paid to the communication and the transparency of such 
evaluations. 
References: 
Anderson, G., Kull, D., Kootval, H. Carson, J.(eds.). 2015. Valuing Weather and Climate: Economic Assessment of Meteorological 
and Hydrological Services, World Meteorological Organisation, Geneva. 
 
 
Mobile ICT systems for adaptive water management 
 Werners, Van Slobbe 
Wageningen UR, WAGENINGEN, Netherlands 
 
Climate change creates new tradeoffs, opportunities and uncertainties for policy formulation and implementation between 
the water and food sectors. Adaptive management has been proposed as an approach to deal with the inherent uncertainties 
associated with forecasting future outcomes. Adaptive management aims to help organizations, managers, and other 
stakeholders respond to, and even take advantage of, unanticipated events. Resources are managed in an iterative, social 
learning process. Adaptive management is intended to increase the ability of stakeholders to fashion timely responses in the 
face of new information, taking advantage of self-organisation. 
Recently, there have been major improvements in forecasting climate variability and water availability at a seasonal timescale. 
This information is valuable for farmers and water managers but needs to be made locally relevant and communicated in the 
appropriate format. Digital information and communication systems are increasingly used to provide decision-support and 
facilitate adaptation. Examples are flood warning in Bangladesh and water management systems in the Netherlands. These 
information systems are promising in achieving policy impact because they: (i) provide real-time access to data for large 
numbers of people at low cost, (ii) empower users by facilitating decentralised and participatory collection and analyses of 
data (comparable to crowd sourcing, citizen science), (iii) personalise and contextualise information provision, (iv) catalyse new 
forms of dialogue, learning, network-building and accountability. It is time to learn from existing experience to guide ICT 
development for water and food safety. 
This paper aims to review the development of information systems for adaptive water management under climate change. In 
particular it focuses on mobile and internet-based technology. It will thereby help to understand how information and 
communications technologies can support water and food security. In particular this paper will: 
Offer a portfolio and typology (e.g. in terms of content, technology and social-organisation) of existing information systems for 
adaptive water management 
Review the strength, weaknesses, opportunities and threats of these information systems 
Draw lessons for aligning science-based models, internet-based technology and user needs 
Discuss what capabilities of digital technology (e.g. real-time access, crowd-sourcing of data, personalisation, connective 
action, dialogue) are most significant and promising in contributing to adaptive water management 
 
 
Support for local government in England 
 Wright, Allan, Corbishley 
Environment Agency, NORWICH, United Kingdom 
 
Climate Ready is the official support service provided by the Environment Agency in England on behalf of government. 
Working with and through Local Government is identified as a priority within England's National Adaptation Programme (NAP) 
and for the Climate Ready support service, with Objective 28 of the NAP specifically on championing good practice. This 
presentation will highlight some of the tools and activities in England to support this objective, and learning that might be 
applied elsewhere. 
To achieve delivery of adaptation by local government it is important that both officers and elected members understand 
climate risks and are engaged in adaptation planning. Lack of engagement of elected members has been a stumbling block for 
progress in many cases. Climate Ready has seconded staff to the Local Government Association to run the Climate Local 



(www.local.gov.uk/climate-local ) network of local authorities in England to help address this.  
It is also essential that national planning and local planning for climate change adaptation are supportive of each other. Climate 
Ready provides secretariat to the Local Adaptation Advisory Panel (LAAP) which acts to bring together local authorities with an 
active interest in adaptation and provide a strong and coordinated voice into central government. Recently this has included 
providing evidence for the UK Parliament's Environmental Audit Committee inquiry into adaptation and to the Adaptation Sub-
Committee (set up under the Climate Change Act 2008 to provide independent scrutiny of government progress on 
adaptation). 
Local government staff also need to be able to confidently express the business needs for adaptation, and we have developed 
tools to support this. Firstly a set of short films with local government leaders speaking about adaptation with the aim of 
inspiring their staff (e.g. http://youtu.be/t9q7CmD8yhM ). Secondly, guidance will be launched on 23

rd
 March this year, to 

support local government officers in developing financial cases for adaptation.  

 

8.4 Communicating for a resilient future 

Co-producing climate communication: incorporating practitioner knowledge in the IPCC Process 
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The process and flow of information and expertise on climate change is complex. The multiplicity of interfaces that exist 
between scientists, policymakers and practitioners are far from well understood for experts to use the information adequately 
to assess and refine their models of climate impact. 
The Intergovernmental Panel on Climate Change (IPCC) is a scientific body which reviews and assesses the most recent 
international research on climate change. The gathering of evidence for the IPCC reports is an exercise conducted primarily by 
the scientific and political communities, and does not take into account the needs, and the role, of the experts working on the 
ground. Although increasing efforts are being made to improve the science-policy interface, and specifically that of the IPCC 
itself, the disconnection between science and practitioners remains a key barrier to progress in the field of climate change 
adaptation.  
This presentation will outline limitations in the latest findings from the IPCC's Working Group 2 report on the Impacts of 
Climate Change notably that these remain largely inaccessible to practitioners and do not fully incorporate their ongoing work 
on climate change issues. Implications of an academic-heavy approach within the IPCC process are assessed and limitations 
within the practitioner community itself are outlined to demonstrate resulting impracticalities.  
The IPCC is undergoing a review process through which it will determine how most effectively to improve its practices. This 
presentation will outline preliminary findings from workshops with practitioners, academics and policy makers on how a co-
production approach and the incorporation of practitioner based evidence could improve this process. 
 
 
Uncertainty communication between researchers and decision makers by visualizations 
 Kunttu, Rosqvist 
VTT Technical Research Centre of Finland Ltd, TAMPERE, Finland 
 
Various strategies as well as tools and methods applicable for mankind's adaptation to climate change already exist and new 
means are developed all the time. Different strategies have their pros and cons which are dependent on future realisation. All 
decisions about adaptation strategies to apply must be done under uncertainty related to future contingencies and abilities of 
selected methods to prevent undesired consequences in future. Scientific research produces information of future scenarios 
and different adaptation strategies to support decision makers in the selection of strategies. Decision situations related to 
climate change adaptation are complicated and even researchers have contradictory opinions on the optimal strategy which 
hamper the decision making further. 
Comparison of different adaptation strategies is based on selected indicators describing benefits or disadvantages of 
compared strategies. Uncertainty related to those indicators is inherent and should be considered in decision making as it has 
been shown also in literature that awareness of uncertainty effects on decisions. As a concept uncertainty might be challenging 
for decision makers without scientific orientation which emphasizes the importance of uncertainty communication between 
researches and decision makers.  
Visualization is commonly considered a powerful method for information presenting which also applies to uncertainty. 
Visualization techniques of scientific results have been widely developed also for visualization of uncertainty. Literature 
considering decision maker i.e. information utilizer point of view is still scarce. In our paper it will be presented existing 
methods for uncertainty visualization and assess those methods as a communication tool between researches and decision 
makers. 
 
 
INFORMATION? DIALOGUE? INVOLVEMENT? HOW STRATEGIC AND PLANNED STAKEHOLDER COMMUNICATION CREATES 
ADDED VALUE IN CLIMATE ADAPTATION PROJECTS  



 Jakobsen, SON Sørensen 
Rambøll, KØBENHAVN S, Denmark 
 
Throughout the world governments and municipalities prepare to adapt cities and societies to the future climate changes. 
However, it is evident that these challenges cannot be solved by the authorities alone; it requires a long term involvement of 
the public and stakeholders in solving the problems on a local basis and realizing the synergies at hand in climate adaptation 
projects.  
The presentation will be based on experiences and lessons-learnt from a recent climate adaptation project in the city of 
Buddinge North-West of Copenhagen as well as a discussion on what a strategic approach to stakeholder communication has 
to offer in this context.  
Focus 
The city of Buddinge has been severely afflicted by cloudbursts in 2010 and 2011, and the challenge of climate adaptation is 
met with green and blue ambitions: The municipality wants smart and multifunctional urban solutions that are not only 
effective in the case of a cloudburst, but offer new recreational qualities to the city in dry weather as well. 
This approach calls not only for technical expertise and interdisciplinary problem-solving - it requires long term involvement of 
citizens and other stakeholders as well: Firstly, it requires facilitating a dialogue with the citizens on their needs and visions for 
the city. Secondly, in a densely built-up area like Buddinge, the effect of the master plan depends heavily on the ability to 
engage the local ground owners in solving the problems through SUDS on their properties, as the municipality cannot solve the 
problems by climate adapting public spaces alone. 
Questions 
The stakeholder communication plan for Buddinge served not merely as a tool for informing the public about the project, but 
served as a platform for starting an informed dialogue with the local ground owners and citizens and thus inspiring the private 
SUDS-initiatives that is crucial to the effect of the climate adaptation project. 
Using practical experience and communication theory as a starting point, this presentation will discuss:  
How do different kinds of climate adaptation projects call for different approaches to stakeholder management and -
communication? 
What can project owner and -team do in order to secure alignment between the technical project's phases on one hand, and 
the stakeholder's need for information and 'windows of influence' on the other? 
What opportunities and barriers should be taken into account when municipalities initiate communication efforts in order to 
create understanding, start a dialogue or engage local ground owners and citizens in climate adaptation? 
 
 
An Educated Public-Locally Educated, with Global Climate Impact 
 Kneller 
John Cabot University, ROME, Italy 
 
A public that is educated greatly facilitates the enactment of policies related to climate change impacts. In participatory 
democracies, voters who are climate change literate are more likely to actively support GHG emission reduction programs. 
Anticipated 21st century climate change is a global phenomenon, with local impact. The changes in climate are due to a range 
of local to global alterations of the drivers, or forcing agents, of ocean-atmospheric circulation. The drivers are usually 
physically distant from the localities, which will first feel the climate change impacts. For example, carbon dioxide emissions 
are high from people in countries with developed and large economies-physically located in the northern hemisphere mid-
latitudes. However, the impact of rising sea levels is being felt by tropical island nation populations. 
A major difficulty in motivating peoples and governments to reduce fossil fuel emissions is this physical separation of drivers 
and impacts. Increased globalization of trade, in the last two decades, has only exacerbated this distance-which is physical and 
political. Education, of this critical issue-anticipated 21

st
 century climate change impacts-must also globalize. 

The public receives its education from academic sources, and then from interest groups (hostile or amenable to the policies), 
government, corporate and non-profit entities. The science of Climate Change developed simultaneously with the Information 
Age, or Digital Revolution-a revolution that is still evolving. One result of this simultaneity is that the tools (written and visual) 
with which to inform the public, are increasingly dispersed-academic publishers, or experienced professionals are no longer de 
facto respected gatekeepers of up-to-date information on climate change impacts and mitigation.  
Two activities related to GHG emissions/reductions, globally, are now receiving increased public interest-construction of new 
pipelines to transport gas and oil from new unconventional oil sources, and dam construction involving deforestation. Public 
interest is an opportunity for education. An examination of these issues will show which real/virtual educational institutions, in 
a broad sense, have been able to communicate at both local and global levels. 
 
 
Building resilience through narratives 
 Young 
Victoria University, MELBOURNE, Australia 
 
Communication is a key component of building resilience. Communication in this field goes beyond messaging and knowledge 
transfer into deep engagement that underpins action. Due to the systemic nature and the need to communicate across diverse 
communities, a range of approaches are required. These approaches need to faciliate the participation of multiple 
stakeholders and build collaborative understandings that incorporate diverse values and areas of knowledge. Narratives are a 



key tool for enabling this. This presentation looks at the different types of collaborative narratives needed to enable resilience 
as part of adaptation. Through the lens of the practitioner this presentation shows the role of collaborative narratives and how 
they can inform understanding and decision making in the adaptation area. Using case studies it will also describe briefly some 
of the different processes for developing different types of collaborative narrative and illustrate how they can be applied and 
the different ways they can be communicated to build resilience. 
 
 
Communicating climate change online - Lessons learned from the Finnish Climate Guide 
 Harjanne, Ervasti 
Finnish Meteorological Institute, HELSINKI, Finland 
 
The availability of climate information is recognized as an important factor in successful adaptation. This assumed demand is 
increasingly catered with online service portals set up by international and national meteorological organizations and private 
entities. Examples of such services are the European Climate Adaptation Platform (Climate-ADAPT) by the European Union and 
the Climate Change Knowledge Portal by the World Bank. In Finland the Finnish Meteorological Institute (FMI) maintains a 
national service site called Climate Guide, which is quite popular also in the European scale (Harjanne & Ervasti, 2014). Such 
online services are emphasized and often mentioned in current adaptation discussion, but relatively little is known or at least 
published about how they are actually used and by whom. 
This presentation aims to improve the understanding of the use of online climate services. The use of the Climate Guide service 
was analyzed by FMI in a study conducted in 2014. The study consisted of an online user survey, statistical analysis of site 
traffic and a targeted end-user workshop. Results this far have been published in an FMI report (Harjanne & Ervasti, 2014) but 
the research is set to continue with a more detailed look into actual use cases and the use of FMI's open data. 
The results of the study indicate that although the service offers detailed information on mitigation and adaptation to decision 
makers, most of the users seem to be interested mainly in general, introductory information about climate and climate 
change. Climate related media events, such as publications of IPCC reports, are connected to increased user interest. While 
Climate Guide is a relatively popular service reaching thousands of users every month, it seems that merely bringing the 
information available and accessible does not yet result in large scale interest towards decision-relevant mitigation and 
adaptation information. Whether this is a genuine problem of communication (getting people to know about the service) or 
content (whether people have incentives to seek such information or act accordingly) is an important question for future 
research. 
References 
Harjanne, Atte; Ervasti, Tiina (2014) Analysis of user trends and behavior in online and mobile weather and climate services, 
FMI Reports 2014:10. 
 
 
Co-creation and communication of knowledge as common requirement for climate change adaptation and disaster risk 
reduction: experiences and lessons learnt 
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Today, climate change adaptation (CCA) and disaster risk reduction (DRR) are prominent topics in both, science and policy. 
Whilst recognising the differences, they have two important things in common. Firstly, they deal with complex systems and 
claim the co-creation of knowledge between science and practice in order to come up with innovative results and solutions. 
Secondly, they need to transfer and communicate the gained knowledge to foster behavioral change and action 'on the 
ground'. This contribution will show some examples and experience made within different European projects (the FP7 projects 
emBRACE and Know4DRR as well as the Alpine Space project C3-Alps) about how to involve stakeholders to establish a process 
of co-creation of knowledge and on how to communicate produced results to the public. 
CCA as well as DRR needs not only inter-but also transdisciplinary approaches. The necessity to understand and analyse 
complexity and interlinkages within multiple systems (e.g. social, ecological, climate) cannot be addressed and solved by 
science alone. If we want to influence existing policies and coming up with new strategies for CCA and DRR, the knowledge 
flow cannot be unidirectional from science to policy but it has to be bidirectional and the knowledge has to be co-created 
together with stakeholders. Participatory approaches are a good methodological tool to support these processes. Out of the 
huge range of possible participatory methods, we want to give two concrete examples. One about an interactive workshop 
with scientists and stakeholders where through a game exercise about possible future scenarios in the field of flood risk the 
participants could discuss, collaborate and take common decisions on how to deal with uncertainty in DRR. The second will 
illustrate how the use of participatory social network mapping as a tool for expert interviews can structure, map and visualize 
stakeholder knowledge in the field of resilience research. 
Besides the co-creation of knowledge, the communication of it to the public is a crucial issue because CCA and DRR need 
actions on the ground. In order to reach the public the huge amount of available scientific knowledge has to be boiled down 
and translated to few informative key messages. Within the C3-Alps project we experimented a new format of project 
outcome, a calendar that thanks to graphical elements taken from everyday life and short messages is informative and useful 
and therefore a good tool for communicating complicated science across temporal scales and under conditions of uncertainty. 
 
 



Communicating the Climate change through images and short texts 
 Lopez-Navarrete 
ITESO-Jesuit of Guadalajara, GUADALAJARA, Mexico 
 
It is required to ensure the participation of the public in general in the fight against climate change, in order to the masses of 
the society to receive the information from the climate phenomenon in a simple and accessible way looking for the public 
awareness. This premise has motivated a student of communication sciences to the realization of a project that consists in 
conducting surveys, selection of stunning images of impacts of climate change, writing short and understandable and the 
proposal of a suitable format for making transportable material communication groups located in different parts of the 
country. 
The overall project objective is research and identifies relevant information on climate change, in order that the public 
understands in an easy way the phenomenon and how can the common people help to moderate the increase and the effects 
of climate change. The project consists of the search, development and selection of attractive and striking images related to 
climate change, and the writing of short texts that explain the content of these images. The material chosen would be printed 
in sheets of large format (for example of 1.20 mx 1.80 m), but easily transportable to form a mobile exhibition to be shown 
periodically in different places. The number of images, with corresponding footnotes, would vary with the only condition to 
state clearly the origin and evolution of the global warming that is driving climate change, evidence and multiple impacts of the 
phenomenon, and the organization, actions and proposals to identify vulnerabilities, mitigation and adaptation efforts to 

different scales, including their personal, family and community. The project results will be used in the master�s thesis of one 
of the authors. 
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It is required to ensure the participation of the public in general in the fight against climate change, in order to the masses of 
the society to receive the information from the climate phenomenon in a simple and accessible way looking for the public 
awareness. This premise has motivated a student of communication sciences to the realization of a project that consists in 
conducting surveys, selection of stunning images of impacts of climate change, writing short and understandable and the 
proposal of a suitable format for making transportable material communication groups located in different parts of the 
country. 
The overall project objective is research and identifies relevant information on climate change, in order that the public 
understands in an easy way the phenomenon and how can the common people help to moderate the increase and the effects 
of climate change. The project consists of the search, development and selection of attractive and striking images related to 
climate change, and the writing of short texts that explain the content of these images. The material chosen would be printed 
in sheets of large format (for example of 1.20 mx 1.80 m), but easily transportable to form a mobile exhibition to be shown 
periodically in different places. The number of images, with corresponding footnotes, would vary with the only condition to 
state clearly the origin and evolution of the global warming that is driving climate change, evidence and multiple impacts of the 
phenomenon, and the organization, actions and proposals to identify vulnerabilities, mitigation and adaptation efforts to 

different scales, including their personal, family and community. The project results will be used in the master�s thesis of one 
of the authors. 
 
 
From alarmist narratives to adaption: an institutional turn in EU's response to climate change and environment-induced 
migration 
 Blocher 
Center for Ethnic and Migration Studies (CEDEM), LIÈGE, Belgium 
 
In literature linking environment and climate change to migration and displacement, the ontological opposition of the 

�maximalist' (alarmist) viewpoint and the �minimalist' (skeptic) viewpoint in scholarly work has been well documented. 
However, the epistemological foundations of these two coalitions of thought as well as the concrete policy implications of the 
pre-eminence of the former school in public and policy discourses have not been exhausted. It can be noted in recent years 
academic and policy discourses have shifted away from the alarmist narrative embodied by the term 'climate change refugees' 
towards discussions of migration as an adaptation strategy, even if this shift not yet been translated to influence public opinion 
and promote concrete policy actions. 

This paper traces key elements contributing to the development of the �maximalist' and security coalition on environmental 
migration within the EU, with a view to comprehend the ascendance of this perspective in relevant current European policy 
frameworks. Applying the concept of organizational fields within an intra-organizational approach, this paper traces the issue 

of �environmental migration' and its institutional location within European Union (EU) structures. It argues that responses 
have been shaped by security actors within the EU before being integrated into climate change adaptation, regional 

partnerships and thematic issues vis-�-vis development cooperation in third countries. Moreover, an organizational shift in 
treating the linkages between environment and climate change and migration belies an institutional change. An accompanying 



change in modalities of responses may offer promising avenues to address the topic within a fledgling common European 
approach to migration. This paper concludes with an outlook of how these changes could support the promotion of 
appropriate European policies, revival of a favorable public response, as well as how scientists may take a leadership role in 
engaging in these discussions and promoting a 'migration as adaptation' agenda. 
 
 
Climate cloud - A digital library of New Zealand climate change related resources for the primary sectors 
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Accessible and relevant information is needed by users affected by climate change, in order to assist them in undertaking 
climate change risk assessment and evalaute adaptation requirements. A New Zealand Ministry of Primary Industries publically 
accessible digital library - www.climatecloud.co.nz - has been created to bring together in one place New Zealand relevant 
climate change related resources. The poster will outline the main elements of the library such as the collection, catalogue and 
metadata, as well as quality aspects, usability within the sector and theme pages. 
The library focuses on curating resources that are helpful to the primary sector; allow for varying levels of understanding in 
rural professionals about climate change and have differing levels of complexity and detail as well as various formats. 
The library has two main points of entry for end-users; the first is by using the search functions on the collection either using 
keywords, as well as a full text search of resources in the collection; and the second is a range of web pages that group 
resources with introductory text for different sectors and themes. 
Each resource in the library has been reviewed for applicability and quality, and metadata on the resource including the 
subject and content has been developed so that sophisticated search can easily locate the resource. 
The poster will present the library, by discussing the rationale and philosophy of its creation and providing statistics on 
content. 
 
 
Regional efforts to reduce disaster risk in Mesoamerica: providing knowledge for a more resilient society 
 Perez, MSc Oyuela, MBA Leibler Danon 
CATHALAC, PANAMA, Panama 
 
Mesoamerica is one of the most disaster-prone regions by natural events due to its geographical position at tropical latitudes 
and area genesis of Hurricane and tropical storms. These extreme events occur with increasing intensity and occurrence. With 
the climate change, the conditions may get worse in terms of greater impacts on the economies of the Mesoamerican 
countries affecting water and food security at the expense of its regional development. 
Since 2005, CATHALAC through regional and international cooperation with countries of the region of interest, has worked 
with multiple stakeholders in addressing environmental needs analysis, water management and climate change adaptation for 
decision and planning. Only the successful implementation of the System Regional Visualization and Monitoring and The 
Mesoamerican Territorial Information System for Disaster Reduction established interdisciplinary working groups for various 
activities. These working groups were formed for the participation of actors and technicians from various disciplines decision 
from sectors of government and academia. The opinions, professional views and the institutional vision of each of the entities 
represented a true wealth in terms of exchange of views and feedback for better decision. 
Throughout the implementation of activities, these Working Groups have allowed Increased awareness among stakeholders 
from various disciplines on priority issues in risk, vulnerability and adaptation to climate change, An approval in handling terms 
and information , be a means of rapid dissemination of topics of interest and its various applications to its scope, be a provision 
for the formulation of sectorial implementation projects more on reducing risk, vulnerability and adaptation to climate change. 
As an additional measure for sustainability, CATHALAC has established a program of professional technical training based on 
previous experiences. This training program includes specialized courses actors with varied professional backgrounds but with 
a common interest in reducing risk, vulnerability and climate change. To date, as a contribution to a more resilient society 
CATHALAC have trained over 1000 people in the countries of Mesoamerica and where your current scope of action is the 
government sector, academia, civil associations, NGO's and students, mainly. 
 
 
Can Climate Change Communication effectively promote adaptation? 
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One of the biggest concerns for governments and scientists wanting to promote adaptation is low awareness and level of 
engagement amongst people that are particular vulnerable to climate change risks. Increasingly, governments and scientists 
are turning to new publication education and information efforts to engage people in adaptation. Climate change 
communication (CCC) is a new concept that describes efforts that aim to disseminate scientific information about climate 
change, raise public awareness about climatic risks and adaptation measures and encourage behavior change for adaptation. 
Despite its growing popularity, quantitative assessments of CCC are largely absent in the scientific literature at this point. 
The objective of this study is to close this gap by providing a comprehensive, quantitative assessment of the effectiveness of 



CCC in engaging people with adaptation and promoting adaptive behavior. The study asks if CCC can lead to cognitive, affective 
and relational learning and changes in attitudes and behavior regarding adaptation to climate change risks. 
The empirical data of this study comes from a survey of 6000 forestry owners in Sweden. Half of these forest owners took part 
in a CCC project run by the Swedish Forestry Agency. Participants in this project were given information and practical guidance 
about the risks of climate change and viable adaptation measures. 
The study assess if perceptions and attitudes about climate risks and adaptation measures differ significantly between forest 
owners that have and forest owners that have not participated in the CCC project. In detail, we use multivariate regression and 
related statistical methods to estimate the effect of CCC on the perception of climate risks, perceived efficacy of adaptation 
measures, perceived self-efficacy and actual adaptive action of participants and non-participants of CCC. 
The study also examines the influence of preference for different forestry objectives, personal experience with extreme 
events, trust in climate science, gender, age, social capital, education and dependency on income from forestry activities as 
well as other factors on the perception of climate change risks, the efficacy of adaptive measures and their own ability to adapt 
to climate change. 
Results from the study will offer valuable insights into how existing CCC can become more successful in engaging certain target 
groups with climate change. Key insights suggest that CCC can be improved if it more purposively addresses the varying 
objectives, needs, experiences and decision making processes of different user groups of climate services.  
 
 
Promoting social incidence towards Water Security in a Climate Chance context 
 Moran, Freddy, Perez, Oyuela, Smith, Guardia, Chiurliza, Segundo 
CATHALAC, PANAMA, Panama 
 
Generally in Central America and the Caribbean has been observed a gap between scientific knowledge on the impacts of 
climate change on water resources and the efforts developed by institutions involved in water management. This gap is 
especially visible when analyzing water security indicators at the local level. Therefore, a multidisciplinary and multi-scale 
research was conformed for, on the one hand, further our understanding of vulnerability to climate change at the municipal 
level, while assessing the behavior of states at different levels of government to establish policies and complied investments 
on adaptation, but also sought to analyze strategies developed by local populations to improve their Water Security and seek 
strategies to promote the use of the information in order to promote local resilience. 
To implement the project we worked hand by hand with the Ministries of Environment of the two pilot countries 
representative of the region: Guatemala and Dominican Republic and two prominent universities in each country joined as 
partners. This was strategic for relevance the work, increase the possibility of applying the results, and strengthen the 
capacities of technicians, researchers and students of the beneficiary countries, since much of the project work were executed 
by local professionals. Besides, 'Focus Participation Groups (GFP in Spanish)' were formed in both pilot watersheds integrated 
by relevant stakeholders from women's and youth's organizations, academics, development organizations, local and national 
governments, etc. Also a communication strategy was implemented, including not only a webpage, press releases, 
publications, social networks, etc., but also conferences at universities, participation in radio programs, and workshops in 
different municipalities and venues. As a result we have signed new cooperation agreements with municipalities in Mexico, 
University of Costa Rica and Specialized Studies Centers of Panama; also the members of the GFP and Technical Colleges, 
especially in Guatemala, have replicated the knowledge they have acquired; moreover, participation in radio media raised a 
great interest in Integrated Water Resources Management from the scope of individual action. 
The communication strategy is not over, it continues with the 'Exit Strategy' to promote sustainability and impact of the 
results. 
 
 
Nudging beyond fear? A new way to communicate climate change through the nexus 
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Nudging beyond fear? A new way to communicate climate change 
Most climate change communication has tended to play on 'scare' and 'doomsday' politics, this presentation will focus on the 
potential to communicate based on new evidence from nudge economics and behavioural science on positive communication. 
In particular on using the frame of not just climate services but also of ecosystem services and human wellbeing. In particular it 
will look at three communities in this approach: the role of scientists (and citizen science), policy makers and the media itself, 
as three axis of this new approach to adaptation. 
In particular it will use the example of communicating the opportunities provided in the food/energy/water nexus when 
perceived through the climate change lens as a means for transitioning to a low carbon economy and decentralised 
management.  
 
 
Can resilience framing enable adaptation to a changing climate? Insights from the UK water sector 
 Sakai, Prof. Dessai 
University of Leeds, LEEDS, United Kingdom 



 
Having a resilient future seems a desirable state. However, confusion exists on what resilience means and what does it imply 
for adaptation in practice. This concept has been increasingly gaining relevance in the climate change policy arena as a 
compelling discourse for adaptation. In the UK, the water sector is at the forefront of the impacts of extreme weather events 
and climate change. As a crucial sector, there has been a top-down pressure from the government and regulators to ensure 
that UK private water companies build long-term resilience. The way concepts are communicated influences action. The aim of 
this paper is to investigate how resilience is being framed, communicated and used in the UK water sector and, more 
importantly, to what extent it is leading to adaptation in the context of a changing climate. Data was collected through semi-
structured interviews and document analysis covering 91% of UK water companies. Results reveal that resilience in practice 
usually takes a stability connotation (continue providing a reliable service) and tends to be associated with 'low regret 

solutions' to deal with today�s weather. The analysis identifies internal and external factors that are shaping the current 
framing (e.g. uncertainty, high self self-efficacy) which in turn are influencing adaptation strategies on the ground. Interviews 
reveal that framing resilience with this short-term connotation has been a crucial step so far to accommodate the UK sector's 
adaptation agenda. It has helped water companies to continue functioning, to comply with regulations, to communicate 
climate change within their organisations, and more importantly, it has encouraged them to build flexibility Despite that the 

sector is at the forefront of planning for climate change, it is missing the innovation aspect of �resilience' which re-think paths 
and opens up opportunities to be better off. In terms of its implications for adaptation, we argue that if resilience, as it 
currently stands, is seen as an end in itself, there is a risk that it could lead to insufficient actions or ill fated outcomes. 
Nevertheless, opportunities exist in the way resilience can be communicated. Overall, by critically examining how the concept 
is being framed, this paper contributes to stress that adaptation is a process in which communication can push or inhibit 
action. It sheds light on what a resilience agenda could mean for adaptation, highlighting the importance of communication of 
climate change adaptation to help crucial sectors to face short and long-term challenges. 

 

8.5 A framework for regional modeling- supporting adaptation to climate change 
 
Analysis of a compounding surge and precipitation event in the Netherlands 
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Hydrological extremes in coastal areas in the Netherlands often result from a combination of anomalous (but not necessarily 
extreme) conditions: storm surges preventing the ability to discharge water to the open sea, and local precipitation generating 
excessive water levels in the inland area. A near-flooding event in January 2012 occurred due to such a combination of (mild) 
extreme weather conditions, by which free discharge of excessive water was not possible for 5 consecutive tidal periods. 
An ensemble of regional climate model simulations (covering 800 years of simulation data for current climate conditions) is 
used to demonstrate that the combined occurrence of the heavy precipitation and storm surge in this area is physically 
related. Joint probability distributions of the events are generated from the model ensemble, and compared to distributions of 
randomized variables, removing the potential correlation. A clear difference is seen. An inland water model is linked to the 
meteorological simulations, to analyse the statistics of extreme water levels and its relationship to the driving forces. The role 
of the correlation between storm surge and heavy precipitation increases with inland water level up to a certain value, but its 
role decreases at the higher water levels when tidal characteristics become increasingly important. 
The case study illustrates the types of analyses needed to assess the impact of compounding events, and shows the 
importance of coupling a realistic impact model (expressing the inland water level) for deriving useful statistics from the model 
simulations. 
 
 
Regional climate service in western Norway 
 Kolstad, Dr. King, Sobolowski 
Uni Research Climate, BERGEN, Norway 
 
The county government of Hordaland in Norway was recently awarded a cross-disciplinary climate service research project 
together with Uni Research Climate. The primary objective is to provide climate projections in a form that is relevant for the 
municipalities and other stakeholders in Hordaland. Examples of parameters that are important for the end users include: 
duration, magnitude and frequency of high-intensity rainfall (for storm drain planning); the likelihood of night frost during 
spring and autumn and growing season length (for agriculture); the number of times the zero-degree threshold is crossed each 
winter (for road maintenance and landslides); changes to the frequency and severity of storms (for infrastructure and forest 
management); storm surge severity (for coastal regions); likelihood of droughts (for fire management); and wintertime snow 
accumulation in the mountains (for hydropower and flood management). On the research side, the WRF regional climate 
model will be optimized for use in western Norway by evaluating model simulations against observed climatic events, such as 
the flood in October 2014 and the storm in January 2015, both of which were unusually destructive. However, the major 
research challenge of the project is to find the best way to perform a suitable a priori bias correction of CMIP5 global climate 



model data. Several recent papers have described and tested different bias correction methods for low- and mid-latitude 
regions, but the geographical domain required to capture the local climate in Hordaland poses unique challenges, namely: a) 
the topography of Norway and Greenland, which may lead to interpolation-related problems with the boundary conditions; b) 
the wintertime arctic sea ice extent, which is substantially overestimated by some models; and c) extrapolation of coastline sea 
surface temperatures into the narrow fjords. The end phase of the projects consists of applying the bias correction to produce 
downscaled future projections for Hordaland, as well as to disseminate the results to the end users. By the time of the 
Copenhagen conference, we will have started the work on the bias correction. We hope that our participation in the 
conference will enable us to share our initial experiences and to enter a dialogue with the European regional climate modelling 
community on how to tackle our challenges, as well as to form and reinforce alliances for future collaboration. 
 
 
From impacts to adaptation: Changing perspectives in managing a sustainable coastline 
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Coasts are highly populated areas, generate much wealth and contain important ecosystems. They are also highly vulnerable 
to climate change, as land and sea based processes converge. Therefore appropriate adaptation to coastal change is 
important. Understanding effective adaptation demands an integrated modelling chain, from climate and non-climatic drivers, 
to impacts pathways and receptors. This research presents a framework to explore these ideas. 
In long-term climate impact studies, sea-level rise is often seen as the main driver of hazardous change, yet past evidence 
indicates major changes have happened on coasts for other reasons, increasing their vulnerability. For example, cities, 
particularly those in delta areas have subsided, mainly due to groundwater pumping. In Shanghai, subsidence has reached 3m, 
and in Toyko, 4m. These magnitudes exceeds projected sea-level rise in the 21

st
 century. Additionally, changes in human 

drivers have increased vulnerability, and at times hazards. Population growth and urban sprawl have increased those living in 
the hazard zone. 
The impacts of these drivers can be seen during extreme events - land is lost, people are flooded, and livelihoods are 
threatened. Economic damage can cost millions of pounds, and in some extreme cases, disruption can last years. Adaptation 
has helped reduce risk, and will continue to do so if undertaken effectively. It needs to be integrated to account for multiple 

drivers of change, but these drivers can be difficult to determine. At times, a �solution' for one problem can induce another. 
There is also a growing emphasis on timely, effective adaptation to all drivers of change, allowing flexibility for uncertainty and 
manoeuvrability in case impacts evolve in ways that we have not envisaged. 
Such multi-disciplinary approaches present many challenges. Improved integration is required between sectors, encouraging 
governments, businesses and individuals to think beyond their immediate geographical areas. As changes to mean sea-level 
occur slowly as a result of rising temperatures, the impacts may not be felt for many decades. It is therefore particularly 
challenging for stakeholders to realise the benefits of planning on long time scales, particularly where important short-term 
decision making is more pressing. Thus, improved co-ordination between different sectors, spatial and temporal scales, and 
raising awareness of coastal change is required to ensure a safer, more sustainable coast in the long-term future. 
 
 
Modeling chains supporting adaptation studies in Africa. 
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The Copenhagen Accord of 2009 has recognized the relevance of a +2�C global warming scenario, with respect to pre-
industrial levels, as a critical threshold above which anthropogenic interference with the climate system might become 
dangerous. 
The EU-FP7 project IMPACT2C has conducted several modelling case studies, including the focus on the Nile and Niger river 
basins, which are considered highly vulnerable to steep climatic transition and increasing competition for water resources. 
This project has provided the ideal framework for testing an entire modeling chain, including global and regional climate 
models, local impacts, the analysis of vulnerabilities and the economic viability of risk management solutions. 
On one hand, assuming rain-fed agriculture as the prevalent resource for livelihoods in the rural economy in the target areas, 
food security scenarios have been simulated. On the other hand, modeling efforts have focused on existing opportunities and 
limitations in water usage and management. 
On the food security outlook, the simulations show significant fluctuations over the Niger Basin implying large uncertainties in 
identifying periods of improving and or worsening conditions. In particular, the climate projections of the Upper Niger basin 
show the highest uncertainty. The diversity of the projected trends in average runoff suggests a need for implementation of a 
wide range of possible adaptation measures. Our results imply that the focus of adaptation strategies should be broad and 
include a general reduction of vulnerability of the riverine population, including by the development of plans that prevent the 
impact of adverse environmental conditions. 
The Nile basin seems to face a worsening of food-security conditions in the near future, followed by a slow improvement later 
on during the prosecution of the century. However, the impacts of the controversial Grand Ethiopian Renaissance Dam (GERD) 
on the stream flow regime downstream is substantial. Low flows during the dry season will increase and high flows during the 
rainy season will decrease. In addition there are losses due to an increased evapotranspiration from the reservoirs. These 
changes in climatic conditions are likely to affect the demand and supply of water for agricultural and energy use in the basin. 
Most of the uncertainty in regional impact studies derives from climate models, such that an improvement in the regional 
hydrological models performance seems unlikely to diminish uncertainties in stream flow projections. In order to identify and 
quantify the whole cascade of uncertainty, communication between regional impact modellers and regional climate modellers 
should be intensified.  
 
 
On procedures for providing climate scenario data for impact and adaptation studies 
 S. Madsen, Fox Maule, B. Christensen, May, Yang, H. Christensen 
DMI, COPENHAGEN Ø, Denmark 
 
A vital part of climate change adaptation is knowing what to adapt to. Often specific quantitative information and uncertainty 
measures about changes in e.g. rain rate or maximum wind speed are wanted, for example for construction of new expensive 
infrastructure like dikes, sewage systems and bridges. The foundation for such information is climate scenario data and 
guidance on using these data for the impact and adaptation communities. 
Climate impact and adaptation studies are based on climate simulations originating from regional or global climate models. In 
order to give the most useful results, the climate model data need to fulfill various requirements related to the respective 
impact models. These requirements, however, depend on the individual impact models and are often not well defined, hence 
possibly leading to discrepancies between the climate data provided by the climate modeling community and the data quality 
and quantity required by the impact models. As climate model data are the first step in a process chain, limitations and 
problems with these data will affect conclusions based on results from the impact models. 
Over the past years, DMI has provided climate scenario data for impact studies in several international and national research 
projects, including ENSEMBLES, WATCH, CRES and HYACINTS as well as the still ongoing projects IMPRESSIONS, IMPACT2C and 
MODEXTREME, dealing with numerous different impact sectors. Thus, DMI has gained experience from a wide range of 
projects within very different disciplines including agriculture, hydrology, and socio-economics. A lesson learned from these 
projects is that there is no standard procedure that can be implemented; individual solutions have to be constructed on a case-
by-case basis because different impact models have different needs for climate data. For example, some impact models may 
need monthly input data, while others need daily data; some models need only a few variables such as temperature and 
precipitation, while others also require e.g. radiation and evaporation. Also, the tolerance of different impacts models to 
climate model biases is very variable across fields. Here, we highlight some of the procedures developed in some of the 
projects we have been involved in; focus is on MODEXTREME and IMPRESSIONS. We also point out some of the limiting factors 
that arise in concrete cases. We suggest a flow chart for decision as guidance to ease the procedure of improving the 
usefulness of climate model output data for impact studies in the future. 
 
 
Future climate in the Tibetan Plateau from a Statistical Regional Climate Model 
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The authors use a statistical regional climate model (STAR) to project the Tibetan Plateau (TP) climate for the period 2015-50. 
Reanalysis datasets covering 1958-2001 are used as a substitute of observations and resampled by STAR to optimally fit 
prescribed linear temperature trends derived from the Max Planck Institute Earth System Model (MPI-ESM) simulations for 



phase 5 of the Coupled Model Intercomparison Project (CMIP5) under the representative concentration pathway 2.6 (RCP2.6) 
and RCP4.5 scenarios. To assess the related uncertainty, temperature trends from carefully selected best/worst ensemble 
members are considered. In addition, an extra projection is forced by observed temperature trends in 1958-2001. The 
following results are obtained: (i) Spatial average temperature will increase by 0.68-0.98C; the increase exceeds 18C in all 
months except in boreal summer, thus indicating a reduced annual cycle; and daily minimum temperature rises faster than 
daily maximum temperature, resulting in a narrowing of the diurnal range of near-surface temperature. (ii) Precipitation 
increase mainly occurs in early summer and autumn possibly because of an earlier onset and later withdrawal of the Asian 
summer monsoon. (iii) Both frost and ice days decrease by 1-2 days in spring, early summer, and autumn, and the decrease of 
frost days on the annual course is inversely related to the precipitation increase. (iv) Degree-days increase all over the TP with 
peak amplitude in the Qaidam Basin and the southern TP periphery, which will result in distinct melting of the local seasonal 
frozen ground, and the annual temperature range will decrease with stronger amplitude in south TP. 
 
 
From coupled impact modelling to indicator-based risk evaluation - An integrated regional climate change risk assessment 
approach 
 Sauer
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The contribution presents an integrated approach of regional climate change impact assessment ranging from coupled 
modelling of the climate-sensitive human-environmental system to an indicator-based evaluation of risks and opportunities. 
First, the approach is designed to simulate major cause-effect interrelations resulting from climate change projections and 
various impact models. Second, resulting impacts are evaluated as risk and opportunities with reference to existing legal norms 
and planning designations. Both, impact assessment and risk evaluation, refer to a set of policy relevant indicators. The set of 
indicators reflects climate-sensitive environmental compartments and societal sectors. Calculation of impacts for numerous 
climate change projections beyond average values determines uncertainty bandwidths for every indicator. The spatial 
resolution depends on the regionalisation scale for the climatic variables and the data availability for the impact assessment as 
well. Treatment of different cause-effect interrelations in a similar manner ensures consistency of findings and supports 
planners and politicians in developing comprehensive adaptation strategies. 
The approach and preliminary findings are explained based on the example of the research project 'Assessment and 
Prioritisation of Integrative Risks and Opportunities of Climate Change in the Free State of Saxony (Germany)'. Climate change 
signals are taken from a representative selection of 10 out of 120 regional climate projections from the WEREX V multi-model 
ensemble considering different SRES scenarios, GCMs and RCMs. Impact modelling refers to some important cause-effect 
interrelations involving a variety of methods and models. For each cause-effect interrelation, one or more indicators have been 
identified for the quantification of impacts with their uncertainty bandwidths. Impacts described as differences of indicator 
values between climate normal periods are the basis for the search of societal norms in the regional legislation and formal 
planning. A particular evaluation method assists in linking these norms with the indicator values to judge impacts contradicting 
the societal norms as negative risks and impacts in line with societal norms as positive opportunities. Furthermore, risks are 
summed-up and integrated respectively applying the multi-criteria evaluation method compromise programming to identify 
hot spots in space and time. 
Examples from the framework, the modelling and evaluation exercises and empirical findings for policy advice illustrate the 
potentials of the approach, shortcomings and the research demand. Among others, this focusses on data availability and 
scarcity, the adequacy of models, the meaning of scales in space and time, uncertainties etc. Thematically, more light is shed 
on the water balance with infiltration, low discharges and stream temperatures. 
 
 
Science for Adaptation 
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To adapt to climate change requires a precise understanding and quantification of how human activities, interacting with 
natural processes, affects human and natural systems. The Centre for Regional Change in the Earth System (CRES) is a 
multidisciplinary climate research platform, which brings together leading Danish scientists with long track records of quality 
research in climate change and key Danish stakeholders and practitioners with a need for improved climate information. The 
mission of CRES is to establish a coordinated research effort of high relevance to societal preparedness for climate change and 
to enhance Denmark's contribution to international climate change research. Moreover, CRES aims to reach out beyond its 
core group and create new national and international synergies between current and planned research activities in climate 



research and adjacent fields. 
From the CRES platform, a set of tools related to climate adaptation needs have been developed. This includes regional climate 
models, hydrological models, impact models, integrated assessment models, economic models, decision support tools and 
spatial planning tools. In taking an interdisciplinary approach, the overall objectives of CRES are to extend knowledge of and 
reduce the uncertainties surrounding regional climate change and its impacts and thereby support future climate change 
adaptation and mitigation policies. Specific objectives are to: a) reduce uncertainty surrounding regional climate change and its 
impacts by improving model formulation and process understanding; b) identify key changes and tipping points in the regional 
hydrological system, agriculture, freshwater and estuarine ecosystems caused by changes in seasonality, dynamics and 
extreme events of precipitation, droughts, heat waves and sea level rise; c) quantify confidence and uncertainties in 
predictions of future regional climate and its impacts, by improving the statistical methodology and substance and by 
integrating interdisciplinary risk analyses; d) interpret these results in relation to Danish, European, and global risk 
management approaches for climate change adaptation and mitigation; As a multi-institutional research centre, CRES has 
enhanced the quality of Danish climate research and Denmark's contribution to international climate change research. The 
centre provides new information on the effects of extreme events and on tipping points (climate, hydrology, nutrient 
dynamics, ecosystem responses and risks) and their interactions. In collaboration with key stakeholders, this has already 
impacted climate change adaptation strategies in Denmark and possibly beyond. 

 

9. Dealing with risks  

9.1 Beyond risk - engaging for action 

Effective knowledge exchange to motivate adaptation action - learning from the built environment and infrastructure 
sectors 
 Street, Hayman 
UKCIP, University of Oxford, OXFORD, United Kingdom 
 
The development and exchange of knowledge between academia and end user communities to motivate adaptation action 
requires a sophisticated understanding of the complex issues that characterise existing policy and practice frameworks. 
Recognising a need to improve effective knowledge exchange among researchers and stakeholders, the UK Adaptation and 
Resilience in the Context of Change (ARCC) Network was established in 2009. It aims to enhance the capacity of researchers, 
policymakers and practitioners to work together and seek solutions to adaptation and resilience challenges, particularly in the 
built enviornment and infrastructure sectors. The ARCC network is an engagement and knowledge exchange network and aims 
to facilitate the effective integration, communication and mobilisation of evidence form research and the shared development 
of policy- and practice-relevant research outputs. 
UKCIP manages the ARCC network which builds on wider expertise within UKCIP to improve decision-making through better 
knowledge exchange, on working with uncertainty and to enable innovative responses to climate change 
Having initially focussed on climate change, the ARCC network now has a broader mandate to integrate evidence and 
information on related (socio-economic and technical) drivers of change, in addition to climate change. This includes 
recognition that there is much to be gained across Europe by sharing experiences and expertise with those working on 
adaptation communication to identify and promote synergies and to contribute to, and benefit from, lessons learnt. 
This presentation will draw on the ARCC network's recent accomplishments and on-going challenges. We will explore lessons 
learnt related to communication and knowledge-sharing at local, national and international levels. In particular, the 
presentation will point to the value of actvities such as: science-policy/practice dialoguies, knowledge exchange skills 
development and targeted themed initiatives. We will demonstrate lessons learnt regarding the benefits and characteristics of 
an effective researcher-stakeholder relationship. Reflecting on the experience of the ARCC network, we will argue that 
openness, flexibility and shared expectations make for research outcomes that genuinely influence adaptation actions. We will 
also describe the added value of an overarching network to support a broader programme of policymaker engagement, 
communication and understanding. Specific case studies will focus on engaging with infrastructure utilities and on working 
with national climate change adaptation policymakers. 
 
 
Urban Climate Adaptation and Stormwater Planning: Flexibility is Key to Robustness 
 Rémy 
EnviDan A(S, COPENHAGEN, Denmark 
 
Facing climate change, the municipality of Copenhagen is implementing a detailed cloudburst plan as part of their climate 
adaptation strategy. With more than 300 individual solutions spread out all over the city, the purpose of the plan is to ensure 
that in a cloudburst situation there will be no more than 10 cm of water on terrain, except in designated areas. In order to 
concretize such goals it is necessary to define a future scenario and the corresponding design (100 year rain in 2100) on which 
hydraulic modelling, and subsequent dimensioning of solutions can be based. However, it must be remembered that climate 
projections are intrinsically uncertain. Furthermore, there are several uncertainties on city level, such as environmental 



concerns, political agendas, etc. So how do we make sure that our efforts into such wide ranging and long term planning are 
well spent in light of these obvious uncertainties? 
Based on the current plan for the southern part of Copenhagen, Amager and Christianshavn, we present an example of how 
the cloudburst-plan has become a flexible and, thus, long term tool for decision makers in the process of adapting the city to 
the effects of climate changes. The key elements are combining site specific model results with thorough catchment, site and 
plan analysis to provide just the right level of detailed information that still leaves room for a wide range of different solutions. 
The solutions are developed through an iterative approach, involving both city-planning, hydraulics, climatography, 
infrastructure, economics and traditional drainage. 
There may be many ways of handling the needed volume or discharge in different available areas such as roads, parks and 
squares. This method presents an approach and a framework to investigate the solutions of sustainable and integrated 
drainage structures into the existing city in the light of climate changes. The flexibility and robustness becomes apparent and 
manifest, both in the way the solutions are devised and described as measures on the surface, that can easily be modified and 
adjusted, but also in regards to the planning process, where the solutions are adaptable to the many other concerns and 
priorities of a city, and the plan in that way becomes resilient towards the climate changes and unforeseeable developments 
the future will inevitably bring. 
 
 
Business solutions for adaption to climate change 
 Schneider 
University Oldenburg, OLDENBURG, Germany 
 
The presentation shows the role of companies as providers of technologies and services for adaptation to climate change and 
showcases how society and climate policies can benefit from the creativity and innovativeness of companies and start-ups. The 
presentation will explore the business case of adaptation to climate change on the regional level using the example of the 

'Netzwerk Innovation und Gr�ndung im Klimawandel' (NIK). NIK is a Public-Private Partnership (PPP) network in Northwestern 
Germany funded by the German Ministry for the Environment, Nature Conservation, Building and Nuclear Safety, the 
Metropolitan Region Northwest and the city of Oldenburg. The PPP intendes to generate innovative solutions for national and 
international markets in all economic sectors. NIK sets an example for other European metropolitan regions. 
 
 
Engaging in systemic change - beyond risk or transcending it? 
 Jones 
Victoria University, MELBOURNE, Australia 
 
The standard adaptation research model is often critiqued: a risk is characterised, and a set of treatment options are 
evaluated, selected and implemented in a predict-then-act mode. While this is sufficient for many project-scale decisions on 
adaptation, the recent chapter Foundations for Decision Making from the IPCC Fifth Assessment Report emphasises the use of 
iterative risk management for decision-making in complex system contexts. However, attaching a monitor-and-review phase to 
the conventional risk assessment approach to make it iterative, is not sufficient. 
All methodologies have accompanying narratives, and the dominant narrative of current adaptation methodologies is 
gradualism. This narrative assumes that climate change will proceed gradually, mediated faster or slower by climate variability, 
but always fixed to a trend. The distance between current practice and future risks can be met through bridging the adaptation 
gap located on that trend. However, in systems affected by multiple drivers and where adaptation actions change that system, 
the-predict-and-act model falters. Recent work shows the climate change process is dominated by rapid shifts in regional 
climate, which have the potential to affect extreme events, sending shocks through social-ecological systems that far outweigh 
the impacts of gradual change. The economic implications are significant and, combined with changes in system exposure over 
time, can lead to much greater damages than assessed using conventional methods. 
Overturning the current gradualist narrative will be difficult but is necessary if a more systems-based approach accounting for 
complex system behaviour is adopted. The origins of this narrative are in the scientific enlightenment, so are very long-
standing, but this narrative is no longer supported by climate theory or by analysis. The theory of non-linear climate change is 
now 50 years old, but the narrative has not caught up. It is critical that the theoretical narrative, the methodological narrative 
and those used by stakeholders become aligned. 
For iterative risk assessment, a systems-based approach suggests two strategies: one puts in place review processes that learn 
how a system responds to a range of stressors, and the other creates more realistic scenarios of future climate in the form of 
event-based narratives that test a range of plausible shocks to the system. In terms of risk characterisation, this suggests a 
change of emphasis from the production of future climate and impacts in a predictive sense to understanding how systems are 
responding now and likely to respond to ongoing change that is not gradual but episodic. 
 
 
Protective Actions under Flood Hazards: theoretical modeling and empirical evidence for Brazil 
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Based on the Protective Action Decision Model (PADM), we provide a theoretical framework on private motivation for 
protective action under flood risk. Building on models of private insurance, our theoretical model states that risk aversion is a 
key factor affecting the directions of influence given by the price and resource effectiveness on the probability of adopting 
preventive behavior. We empirically test our model on a probabilistic sample of 1,200 urban households for Governador 
Valadares, Brazil. The site was chosen because river floods are recurrent in the area, reaching thousands of households every 
other year. Its urban environment has undergone dramatic change in the last decades, creating an ideal scenario for flooding: 
riparian deforestation, river silting, unplanned occupation of riverbanks, and garbage and sewage discharge into the river.  
We perform an econometric analysis of the probability to engage in protective behavior under river flood hazard, using 
Seemingly Unrelated Regression models on six different types of protective action: emergency kit,, information about flood 
consequences, a list defining a household emergency plan in case of need to evacuate the property, agreements with close 
network members about mutual help in case of evacuation or during a flood episode, assembling of sandbags or flood skirts, 
and health or life insurance. 
Our theoretical results state that risk aversion determines the directions of influence given by the price and resource 
effectiveness on the probability of adopting preventive behavior. Thus, for a given budget constraint an increase in insurance 
price could change one's risk aversion, leading to a higher propensity to buy insurance. We show that, under certain conditions 
on risk aversion, hazard-related attributes (HRA) positively affect propensity to take protective actions. In contrast, resource-
related attributes (RRA) positively or do not affect propensity to adopt protective actions. Our empirical findings generally 
support the theoretical framework developed. We found that the impact of HRA was empirically higher than RRA on 
preventive behavior. RRA showed weak positive effect on the intention to take protective action. We hypothesize two possible 
causes: (1) the effective cost of preventive actions is low relative to a person's budget constraint, and (2) the relative 
deprivation felt by increased opportunity costs lead to higher propensity to insure against loss, rendering an increase in risk 
aversion. These findings suggest that public action should promote educational campaigns aiming the reduction of subjective 
uncertainty on resource effectiveness. 
 
 
Accelerating adaptation in Melbourne: The role of transparency and citizen participation 
 Lynch 
City of Melbourne, MELBOURNE, Australia 
 
More than half of the planet's population now lives in cities, up 30% from 50 years ago. Over the next 25 years, rural 
populations are expected to decline, meaning that all population growth will occur in urban areas (United Nations Population 
Fund, 2007). By 2050, we can expect to see 75-80% of people living in cities. This growth presents unprecedented challenges 
for cities, but it also ideally positions cities to take the lead internationally on climate adaptation. 
Whilst our cities will be forced to rapidly expand, so too will our governance systems and structures. Traditional risk based 
approaches to climate management at a city level are no longer tolerable. The meaningful participation citizens in decision 
making for city planning and the transparent exchange and sharing of information prior to policy making is key to creating 
adaptive capacity, formulating effective urban policies and accelerating action for adaptation. 
This presentation will focus on the City of Melbourne's efforts to enable public participation in the decision making process to 
adapt to climate change. It will demonstrate that transparency in governance is critical for building trust and enabling true 
citizen participation. Drawing on examples from the City of Melbourne's climate adaptation and citizen participation programs 
to highlight the benefits of this approach and will aim to illustrate the transferability of these concepts on a large scale to 
accelerate climate adaptation action. Over the past five years, City of Melbourne has invested over AUS$50 million in 
ecosystem based climate adaptation program developed in collaboration with the local community. This program has been 
awarded for demonstrating international city leadership in climate adaptation by the C40 Cities group and for leading 
standards in environmental programs for public participation by the International Association for Public Participation. 

9.2 Quantifying impacts of 2° C global warming for Europe 

Quantifying projected impacts under 2°C warming: the IMPACT2C project 
 Kotova, Ms Jacob  
Climate Service Center/HZG, HAMBURG, Germany 
 

There is a serious debate whether we can limit global warming to 2�C or not. In connection with this, the work of IMPACT2C 
is even more important.  

Quantifying projected impacts under 2�C warming, is the mission of the 4-year research project IMPACT2C, which started in 
October 2011. The project is funded by the European Commission's 7th Framework Programme under the grant agreement no 
282746, and is coordinated by the Climate Service Center in Hamburg, Germany. 
The projects goal is to adopt a clear and logical structure within climate- and impact-modelling, vulnerabilities, risks and 
economic costs, as well as potential responses within a pan-European sector based analysis. The project utilises a range of 
models within a multi-disciplinary international expert team and assesses effects on water, energy, infrastructure, coasts, 
tourism, forestry, agriculture, ecosystems services, and health and air quality-climate interactions. 
It includes case studies for some of the world's most vulnerable regions: these are Bangladesh, Nile and Niger river basins as 
well as the Maldives. 
An overview about the scientific goals and the structure of the IMPACT2C project will be presented. 



 
 
How might European Water Resources Change as a Result of a Two Degree Global Warming? 
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This study presents the potential changes to European water resources including mean river discharges, soil moisture stores 
and flood discharges, as a result of a +2degree level of global warming. Changes were estimated using a multi-model ensemble 
made up of five pan-European hydrological models driven by eleven bias-corrected CORDEX climate change simulations 
representing three different RCPs (2.6, 4.5 and 8.5). This gave a total of 55 simulations. The +2 degree climate from each GCM 
was defined as the 30 year period centred on the time when the global temperature predicted by the GCM exceeds the 

preindustrial level by 2�C. Changes were compared to the 1971-2000 reference period. The five pan-European hydrological 
models: E-HYPE, Lisflood, LPJmL, VIC and WBM, represent a wide range of hydrological modelling approaches, from land-
surface schemes to conceptual models. River discharge is projected to increase in the majority of Europe in a +2 degree 
climate. The largest increases occur in the east and the far north while discharge decreases in parts of the Mediterranean. The 
spatial distribution of changes in discharge mainly followed the predicted changes in precipitation. Both the 1 in 10 year and 1 
in 100 year flood events were predicted to increase in most of continental Europe and the UK with some decreases projected 
in north-eastern Europe. Soil moisture is predicted to decrease for the south-western Mediterranean regions, while other soil 
moisture changes were not consistent between models. Due to a large spread in model outcome the projected changes in 
discharge are only significant for about half of Europe's area. Most of the increased flood discharge predictions were 
significant. It was found that uncertainty in discharge change was to a larger extent due to the climate models than to the 
hydrological models whereas uncertainty in soil moisture changes was mainly due to the hydrological models. 
 
 
The IMPACT2C Web-Atlas a tool for providing common project results 
 Preuschmann, DJ Jacob 
Climate Service Center 2.0, HAMBURG, Germany 
 

Understanding a climate change of 2� C, and the corresponding impacts, risks and adaptation in Europe, as well as key 
vulnerable hot spot regions is the mission of the EU FP7 project IMPACT2C. 
The IMPACT2C community decided to present the project results in a common publication in the form of an atlas. As the 
projects refer to each other and are logically connected, a printout version alone of the atlas might be in danger of 
underrepresenting the internal networking of all results. Therefore, the projects additionally aim to establish a web-based 
version, which allows for direct links to related and following topics. 

The aim of the atlas (web- and print version) is to show climate and environmental change under a 2� C mean global 
temperature rise. This will include climate change impacts and vulnerabilities maps - on a pan-European level and specific 
topics for hot spot regions (Bangladesh, Maldives, West-Africa). 
Bringing the content of the particular scientific areas into a common context and framework is the atlas's mission. We want 
the results to help serve Climate Risk management for Europe. IMPACT2C comprises a model chain from climate models, 
impact models and assessment models. Using the climate scenarios following the RCP-scenarios, the project uses harmonized 

socio-economic assumptions to ensure that the sector assessments are aligned to the 2�C scenario for the impacts and 
adaptation analyses. 
For the web-atlas a specific technical concept has been created, which allows the community to manage and show their results 
in a common defined design. This comprises an automatic data-import into data archive system for the IMPACT2C partners. In 
an intermediate step a Web-Map-Service system handles the map contents and allows additional features which are based on 
geo-referenced applications. Finally a content management system brings texts, maps and graphs into a user-friendly format 
which will be accessible for different individual devices such as smartphones, tablets and the usual desktops. 
Interactivity will be granted for surfing between the contents, map and different chart sizes. The web-atlas is explicitly not a 
web-processing tool. The IMPACT2C Web-Atlas tool serves for two tasks. First, it allows the information providers a provider-
friendly accumulation, linkage, visualization and review of their scientific content. Secondly, the users receive a user-friendly 

tool for understanding impacts, risk and adaption under a 2� C warmer climate. 
 
 
Assessing the adaptive capacity and vulnerability of the European agricultural sector to droughts under 2° C of global 
warming 
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The field of climate change vulnerability and risk has been steadily evolving, and a convergence between climate change 
adaptation and disaster risk management is evident and growing stronger. Assessments of climate change have moved from 



an impact-focused towards a more risk-based approach, and in the risk and vulnerability communities, the relevance of 
resilience and adaptive capacity are increasingly emphasized, and merging is evident within previously disparate fields. One 
important merging activity relates to the idea of five forms of assets or capital as based on the Sustainable Livelihoods 
approach (SLA), which emphasizes moving beyond a standard approach used in economics to study welfare as a function of 
economic and human capital and instead assess five forms of capital that systems may utilize to both recover from a disaster 
as well as increase resilience and well-being in the future. 
In light of these developments, we use a five capitals framework to assess the ability of the European agricultural sector to 

adapt to extreme drought events under 2� C of warming. Using subnational, EU-wide datasets such as Farm Accountancy 
Data Network (FADN) and NUTS2 level data, we assess the ability of regions to adjust to moderate damages due to climate 
change, take advantages of opportunities, and cope with impacts, using Principal Components Analysis to create a consistent 
set of indicators which highlight areas of high or low adaptive capacity. These estimates are projected to forecasted time 

periods the world will reach 2� of warming via the use of Shared Socioeconomic Pathways (SSPs) and outputs from crop and 
impact modelling. Finally, estimates of future adaptive capacity are combined with projections of future drought impact to 
produce EU-wide estimates of vulnerability to drought under different Representative Concentration Pathway (RCP) and SSP 
scenarios. Using estimates of future crop output and prices from the GLOBIOM model, we also assess future monetary risk of 

extreme drought under 2�. We find that while estimates of the EU agricultural sector may predict little to no detrimental 
impacts of warming overall, these longer term aggregate estimates do not reflect the differential adaptive capacities of regions 
to extreme events, and we highlight areas which may be vulnerable to future climate change, as well as put forward estimates 
of the costs of future droughts, in order to better inform EU policy related to climate change and agriculture. 
 
 
Europe at the 2C threshold: cause for concern 
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This paper presents the findings of the IMPACT2C project, which has analysed the new RCP (Representative Concentration 

Pathways) to see when global mean warming might exceed the 2�C goal, relative to pre-industrial levels.  

The paper first presents an analysis of the GCM information indicates that under a high emission (RCP8.5) scenario, the 2�C 
goal could be exceeded in the next 30 years, at around 2040. However, there is a considerable range around these mean 
estimates, as projected from different climate models. This has major implications for the speed and urgency of the current 
policy discussions. It also indicates that early adaptation is likely to be needed to address the changes anticipated over the next 
20 to 30 years. 
It then focuses on detailed regional climate model information for Europe, presenting information from the new EURO-

CORDEX results in the context of the 2�C goal. This provides information on the relative change in Europe. The analysis find 

that Europe warms more than the global average, i.e. much of Europe will experience more than 2�C of change even if the 

global goal is achieved (and that they will experience 2�C of warming much earlier, especially under higher warming 
scenarios). Some parts of Europe will experience very much higher and intense levels of warming than the global average, with 

potentially 3�C of warming in the Iberian Peninsula and other parts of the Mediterranean in summer, and 4�C of warming 

for Scandinavia and the Baltic in winter, for 2�C of global mean warming.  

Under the 2�C of global change, there are also large increases in extreme events for Europe, with much larger increases in 
daily maximum temperature over parts of Southern and South-Eastern Europe, as well as increases in heavy precipitation 
across all of Europe. These will cause more frequent and severe high impact events. A key finding is that the distributional 
pattern of warming and extremes in Europe increases relative risks compared to a situation where Europe warms equally.  

This is of high policy relevance: even if the 2�C goal is achieved, Europe will experience strong distributional impacts: a 2�C 
world in Europe is therefore not benign and further work to explore these key hotspots and advance adaptation in key areas is 
needed.  
 
 
Exploring the impacts and the benefits of climate mitigation and adaptation in European coastal zones 
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Coastal zones contain high population densities, much economic activity and are at risk from rising sea-levels, unless 
adaptation is, or continues to be undertaken. This presentation explores the implications of sea-level rise in European coastal 

zones by comparing 2�C and 4�C worlds based on outputs from two EU FP7 projects, IMPACT2C and RISES-AM-. 
Using the Dynamic Interactive Vulnerability Assessment (DIVA) modelling framework, which assesses the impacts and costs of 
sea-level rise, initial impacts and costs under a range of SSP and RCP scenarios have been projected for European Union 
countries. Primarily, the impacts are dependable on the magnitude of sea-level rise, socio-economic change and adaptation. 
Projecting impacts associated with a set rise in temperature makes little sense from an impacts or adaptation perspective, as 
sea-levels will keep rising even if temperatures stabilise at under mitigation scenarios. Instead, impacts and costs will be 



contrasted in the 2080s, using a high-end emissions scenario against a mitigation scenario reaching approximately 4�C and 

72cm of sea-level rise, and 2�C and 35cm of sea-level rise respectively. Impacts are assessed for with and without upgrading 
levels of coastal zone adaptation. 
Results indicate that adaptation greatly reduces risk, and therefore impacts and costs in the coastal zone. Climate mitigation 
also decreases impacts, but to a lesser extent than adaptation as the benefits are not felt until the second half of this century. 
Effective adaptation is therefore crucial to protect coasts in the long-term, but must remain affordable and sustainable, taking 
account a wide range of options. This could include dune building, managed retreat, or changes to infrastructure and 
landscape design to give space to water. Given a future of an uncertain magnitude of sea-level rise, adaptation needs to 
remain flexible, envisaging future change, but also responding to change when it occurs. Thus, anticipating change, 
understanding uncertainty and strategic planning, considering a wide range of adaptation options and potential implications is 

important so that unwise engineering and financial decisions are not made today, so we are not �locked in' to an undesirable 
future. 
 
 
Assessing the impacts of +2 °C global warming on winter tourism demand in Europe 
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Increasing temperatures and snow scarce winter seasons challenge the winter tourism industry. In this study the impacts of +2 

�C global warming on winter tourism demand in Europe's ski tourism related NUTS-3 regions are quantified. Using time series 
regression models the relationship between natural snow conditions and monthly overnight stays is estimated. Based on these 
model results we quantify the risk of tourism demand losses due to weather variability and assess the potential impacts of 
climate change. Hereby, the concept of Weather-Value at Risk is applied. Snow data are provided by the hydrological model 
VIC, which is forced by E-OBS data to obtain historical snow values for tourism model calibration and forced by EURO-CORDEX 
climate simulations to obtain snow projections until 2100. 

Under +2 �C warming the weather-induced risk of losses in winter overnight stays related to ski tourism in Europe amounts 
up to 8.6 million nights per winter season (with a probability of 95%), which is +5.2 million overnight stays additionally at risk 

compared to the reference period (1971-2000). Among the four �big players' of European skiing tourism - Austria, France, 
Italy and Switzerland -, France shows the lowest increase in risk of losses in winter overnight stays. The highest weather-

induced risk of losses in winter overnight stays - in the reference period as well as in the +2�C scenarios - is found in Austria 
followed by Italy. These two countries account for the largest fraction of winter overnight stays in skiing related NUTS-3 
regions. 
 
 
Cross-sectoral and cross-cutting risks of 2C of warming in Europe 
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Most previous assessments of climate change impacts - and economic costs - treat each sector as largely independent. 
However, it is increasingly clear that impacts in some key sectors will cascade through to others. At the same time, it is also 
clear that the impacts of climate change in Europe will fall disproportionately on certain regions.  
This paper presents findings from the IMPACT2C project, funded by the European Union's Seventh Framework Programme, 
which has considered vulnerability hot-spots, cross-sectoral and cross-cutting impacts as part of a wider climate and impact 

modelling analysis, looking at 2�C of global warming - relative to pre-industrial levels - in Europe. 
The paper first presents the results from a detailed regional climate model inter-comparison (EURO-CORDEX) that has 

identified the regions of Europe that change most under 2�C goal of warming. While the large increase increases in daily 
maximum temperature over parts of Southern and South-Eastern Europe are well documented, there is also much faster 
warming (than average) in Northern and Eastern Europe in Winter. There are also strong distributional patterns in likely future 
extremes. The impacts that arise in these various hot-spots are presented, showing the relative patterns of risks across Europe. 
The paper then presents results showing the cascade of impacts between sectors in Europe, looking at the cross-sectoral flow 
(e.g. impacts on water resources and how they cascade through to ecosystems, agriculture and tourism) and convergences of 
risks, including projected changes in extreme events (e.g. multiple risks acting together on the urban environment). A key 

finding is that even if the 2�C goal is achieved, there are significant impacts from climate change in Europe due to these cross-
sectoral and cross-cutting effects, though there is a strong differential pattern and thus some areas are more heavily affected. 
Finally, the paper discusses how adaptation can potentially address these cross-sectoral and cross-cutting challenges, noting 
that this requires a move away from narrow sectoral responses, to more holistic policy. 
 
 
Air Pollution Impacts from Climate Change in Europe 
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In Europe, stringent air pollution reduction measures have been applied for decades, leading to a considerable improvement 
of air quality, however, background ozone concentrations and particulate matter remain at levels where health is affected. 
Future climate change has the potential to affect air pollution by changing patterns of atmospheric dispersion, emissions, 
chemistry, and the frequency of extreme weather situations such as heat waves. These potential effects have not been 
considered in current policy. 
This paper presents the findings of a study into the impact of climate change on European air pollution. The analysis has 
generated long-term simulations from several air pollution transport models (CHIMERE, MATCH, EMEP, MOCAGE) and 

simulated key air quality pollutants (ozone, NO2 and PM10/2.5) under 2�C of warming relative to pre-industrial levels over 
Europe. Importantly, this analysis takes account of future air pollutant emissions reductions, from currently planned legislation 
or more stringent measures. 

Findings from the modelling experiments show that in a scenario where the 2�C global warming occurs near the middle of 
the 21

st
 century, as predicted from climate simulations using the RCP4.5 scenario, currently planned air quality legislation in 

Europe, together with improvements in global ozone concentrations will still reduce air pollution in Europe. The consequences 

of a 2�C warming do not significantly hinder such improvements, as they induce changes smaller than those obtained by 
emission reductions, though there are important regional differences in the patterns of these changes. 
 
 
Mapping the vulnerability of European summer tourism at a 2oC globaly warmer climate 
 Tsanis, M.G. Grillakis, A.G. Koutroulis 
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Summer tourism is one of the most important contributors of the European GDP especially for the southern countries and is 
highly dependent on the climatic conditions. Changes in average climatic conditions will pose stress in the climate favourability 
of European destinations for tourism and recreational activities. Here we study the widely used Tourism Climatic Index and its 
climate induced change from a 2

o
C global warming is used as a predictor of tourism demand for the European summer 

tourism. We also determine the change of Value at Risk (VaR) of tourism demand in conformity to Solvency II. Finally we 
examine the vulnerability of summer tourism based on a well-defined framework of exposure, sensitivity and adaptive capacity 
indicators for a set of plausible climate (RCPs) and socioeconomic (SSPs) combinations. The +2

o
C in global temperature is 

foreseen to pose changes the climate - related vulnerability of tourism sector. The projected changes in combination to the 
different contribution of tourism industry to each country's GDP is expected to change the equilibrium state of the future 
European tourism regime. 

9.3 What do have climate change action and disaster risk management in common? 
Explore it! 

Linking CCA and DRR: Creating a space for dialogue and knowledge exchange 
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There is a growing appreciation of the overlaps between the Climate Change Adaptation (CCA) and Disaster Risk Reduction 
(DRR) communities and the need to realise the mutual benefits of improved connectivity both in scientific and practical terms. 
Improved collaboration between these two communities requires the creation of opportunities for enhanced communication 
that can promote effective knowledge exchange and cooperation. Yet to date, there has been relatively little discussion of how 
to make this happen. 

This presentation will consider how we might �make space' for a mutually beneficial dialogue and how more effective 
knowledge exchange processes might be fostered. This will include exploration of the role of science-policy dialogues and the 
use of key themes around which knowledge exchange can be catalysed. The generation of user-driven discussions is expected 
to allow for distilling, interpreting and sharing of decision-relevant information for both communities. We shall draw upon 
experiences from other multi-disciplinary networks to show how different groups can be brought together in ways which link 
research, policy and practice. We shall also consider the implications and opportunities for enhanced knowledge exchange 
across and between different scales, and how this can lead to improved research and innovation agendas as well as their 
practical deployment. Reflecting on the experience from other networks, we will argue that openness, flexibility and shared 
expectations can lead to improved connectivity between CCA and DRR and, consequently, better outcomes for European 
communities. Finally, we will consider the added value that boundary organisations and networks can bring in creating and 
supporting spaces for more effective dialogue and knowledge exchange.  
 
 
Downscaling IPCC's Global Reasons for Concern to Build Resilience at the Local Level via Climate Sensitive Risk Management 
- Insights from the ARISE Project 
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The 2013 floods in Central Europe have been a stark reminder of how vulnerable and hazard-prone European countries are 
and how costly disasters are even today. Overall, our changing climate coupled with dynamic socio-economic drivers of risk will 
cause substantial changes in the risk landscapes around the globe and in Austria and strongly affect future decisions made by 
public authorities, households and business. An integrated, iterative and forward looking risk management approach appears 
necessary to reduce risk to an acceptable level as well as finance residual risk. Sustainable and scientifically sound disaster risk 
reduction is considered a key element of climate change adaptation by both the academic and practitioners' worlds. IPCC's 
Burning Embers - Reasons for Concern illustrate the future global risk development split into five categories and visualize the 
trends. To date, this holistic concept has not been transferred to the local level where risks associated with climate change are 
mostly still understood and analyzed in a sector- and hazard-specific and rarely scenario-based manner. The project focuses on 
this gap and develops a decision support system for climate-sensitive iterative risk management as a key adaptation approach. 

The overall objectives of ARISE are:� To contribute to identifying and bridging the gaps between global frameworks, research 
and policy related to climate change and disaster risk reduction and national, subnational as wellas local risk management and 

adaptation needs and requirements� To downscale the 'Burning Embers - Reasons for Concern' to the local level (LBE) with 

respect to hazard types and sectors including a consideration of key risk drivers� To support the building of resilience and 
adaptation capacities at the local level via an LBE-integrated, iterative risk management approach. In order to meet the 
project's objectives, user-oriented methods in the form of hybrid techniques (top-down and bottom-up, model-driven and 
participatory) are used. To date, interviews with various stakeholder groups in Austria and in the study site City of Lienz have 
been conducted and a comprehensive desk review on global, regional and national frameworks has been completed. Based on 
this input, the generic framework for downscaling the Burning Embers - Reasons for Concern to the local level has been 
developed. In this presentation, an overview of the ARISE project and its concept will be given. First results will be presented 
and discussed. Additionally, an outlook on the next steps and expected findings will be provided. 
 
 
Coastal flooding in Denmark. How can DRM and CCA be improved and coordinated? 
 Jebens, Mr. Soerensen, Ms. Jumppanen Andersen, Mr. Piontkowitz 
Danish Coastal Authority, LEMVIG, Denmark 
 
Due to current and future coastal flooding and erosion hazard in Denmark there are increased risks toward lives, property, 
economy and the environment. The need of holistic actions are therefore crucial and should include innovative Disaster Risk 
Reduction (DRR) and Climate Change Adaptation (CCA) measures, with the national government taking a strong lead to push 
the agenda forward. 
A number of issues can be identified where DRr and CCA differs. This includes the political commitment, awareness and the 
uncertainties of the potential hazard and risk. Commonalities between DRR and CCA can though be identified which support 
that coordination of mitigation/adaptation measures should take place to create resilient and sustainable solutions. These 
commonalities are mainly caused by climate hazard impacts and will effect eg. economies, human settlements and 
institutional adaptation. 
In the case of Denmark deficits can be identified in both the way DRR and CCA are addressed to protect the country against 
coastal flooding. This could give the country a golden opportunity to improve the integration of DRR and CCA. 
This presentation will argue that integration and improvement of DRR and CCA targeting coastal flooding in Denmark mainly 
need to focus on non-structural measures and should include, new policies, changes in legislation, higher degree of 
preparedness, and improved awareness among stakeholders as well as civil society. These goals are only achievable if 
coordination is cross-cutting and improved on all levels which could lead to a definition of acceptable risk and avoid duplicating 
efforts. 
Because of the lack of awareness and coordination towards DRR and CCA it is suggested that both a top-down and bottom-up 
process should be initiated between the civil society and the national government to improve these measures. It is here 
suggested that a bottom-up effect could be created by the civil society using current flood events to exert pressure on the 
national government for sustainably DRR and CCA solutions whereas a top-down effect from the government could be created 
by identifying the needs among the civil society and by including them in the decision making process. 
 
 
Exploiting synergies: a vision for CCA and DRR cooperation by 2020 
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Significant challenges exist towards strengthening the Climate Change Adaptation (CCA) and Disaster Risk Reduction (DRR) 



communities for coherent, mutually and pragmatic planning and action. While efforts to increase complementarity continue, 
much work is still required to coordinate and integrate the two domains. Within the complex landscape of research and policy 
initiatives of these two areas various international and European efforts have been undertaken to better integrate CCA and 
DRR, and thus minimize the current and future risks presented by climate change in the context of extremes. 
At the national level, many countries have begun to link CCA and DRR in policy and institutional work, yet there are only a few 
examples of national climate change committees and national platforms for DRR formally working together. Paradoxically, the 
past decade has seen a major fragmentation of CCA and DRR agendas, particularly at the level of research, policy, knowledge 
and practices. 
International frameworks, political processes, funding mechanisms, information exchange fora and practitioner communities 
have largely developed separately and operated in isolation from one another. 
This presentation will consider post-2015 initiatives that aim to increase the coordination and integration of CCA and DRR at 
the science, policy and practice level. It will present current and future challenges to this integration, as well as discuss practical 
actions to overcome current gaps and reduce the ongoing process of fragmentation between and within CCA and DRR. Such 
actions will need to consider different levels of governance, from International and European to national and local. We will 
argue that the involvement of existing networks operating in these two domains and key boundary organisations are critical 
for the successful implementation of such actions. 
Questions such as: 
What is needed to enhance the coherence and usability of the types of CCA and DRR knowledge generated? 
What mechanisms might best support this? 
Where might knowledge and information generated in both communities sit within a broader adaptation landscape post-
2020? 
can be discussed with the audience of the session after the presentation. 
 
 
A panEuropean framework for strengthening Critical Infrastructure resilience to climate change - EU-CIRCLE 
 Sfetsos, Mrs Demertzi 
NCSR D, AGIA PARASKEVI, Greece 
 
It is presently acknowledged and scientifically proven than climate related hazards have the potential to affect the lifespan or 
even destroy of European Critical Infrastructures (CI), with devastating impacts in EU appraising the social and economic 
losses. 

EU-CIRCLE�s scope is to derive an innovative framework for supporting the interconnected European Infrastructure�s 
resilience to climate pressures. This will be based on the development of a validated Climate Infrastructure Resilience Platform 
(CIRP) that will: 1) assess potential impacts due to climate hazards, 2) provide monitoring through new resilience indicators 
and 3) support cost-efficient adaptation measures. The EU-CIRCLE framework, leveraging upon the vast amount of existing 
knowledge generated thus in the climate research, will provide an open-source web-based solution customizable to addressing 
community requirements, either in responding to short-term hazards and extreme weather events or in deriving the most 
effective long term adaptation measures. 
The Climate Infrastructure Resilience Platform (CIRP) will be established as an end-to-end modeling environment where new 
analyses can be added anywhere along the analysis workflow and where multiple scientific disciplines can work together to 
understand interdependencies, validate results, and present findings in a unified manner providing an efficient 'Best of Breeds' 
solution integrating existing modeling tools and data into a holistic resilience model in a standardized fashion. EU-CIRCLE will 
build an efficient synchronization framework managing data, developed services, systems and models and information flow 
between them. A dedicated web-based service will provide a common, uniform and ubiquitous platform for collecting, 
analyzing and sharing data in support of resilient policy objectives. 
The EU-CIRCLE framework, services, standards and methodologies will be accessible to all interested parties, having a 
confirmed interest in creating customized and innovative solutions, in the infrastructure resilience sector. This will be 
complemented with a commercial portal allowing potential users to exchange models, services and assessments. As such, EU-
CIRCLE is expected to significantly add to the existing pool of knowledge and increase market diversification. 
The design principles of the Climate Infrastructure Resilience Platform, offering transparency and greater flexibility, will allow 
potential users to introduce fully tailored solutions and infrastructure data, by defining and implementing customized impact 

assessment models, and to use climate / weather data on demand. EU-CIRCLE�s CIRP is designed to operate as a set of plug-
and-play components that can be developed by any member, to satisfy many and various needs. 
 
 
Resilient cities: where risk management and adaptation meet 
 Bosch 
TNO, UTRECHT, Netherlands 
 
With most of its population and capital goods concentrated in urban areas, cities are key to the European economy. One of the 
major challenges cities face are more frequent extreme weather events due to climate change.The current diversity of 
approaches and methods available for cities developing an adaptation strategy limits the comparability between cities of 
vulnerabilities, adaptation options, infrastructures, etc., and, as a result, the resilience capability. The lack of standardized 
information to prioritize and select appropriate adaptation options restricts the exchange of experiences between cities. 
Recently RESIN, a Horizon 2002 project, has started aimed at providing standardised methodologies for vulnerability 



assessments, performance evaluations of adaptation measures, and for decision support tools supporting the development of 
robust adaptation strategies tailored to the city. To this end, RESIN will create create a common unifying framework linking risk 
management approaches that are commonly used to increase the resilience of vital infrastructures with the daptation 
approach that is used for adapting other parts of cities, such as buildings and public spaces. 
RESIN will: 

�Create an urban typology that characterises European cities based on different socio-economic and biophysical variables 

� Deliver standardised methods for assessing climate change impacts, vulnerabilities, and risks; provide an inventory of 
adaptation measures (stretching over all elements of city systems) and develope standardised methods to assess the 
performance of such adaptation measures 

� Collaborate closely with 4 �case cities' for practical applicability and reproducibility, and with European Standardisation 
organisations to ensure a systematic (standardised) implementation 

�Integrate findings in a coherent framework for the decision making process, with associated methods, tools and datasets 

9.4 High-end climate change: Can we adapt to extreme futures? 

 
Linking transformative visions, pathways and solutions to high-end climate change. A systems approach 
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Addressing the inherent and pressing challenges posed by an impending future of high-end climate change requires a 
transformative appraisal approach that takes into account the potential effects of non-linearities, shocks, tipping points, and 
irreversibilities, as well as synergies and trade-offs across sectors and processes occurring at different temporal and spatial 
scales, in an integrated manner. High-end scenarios could push present societies well beyond their capacities to cope with 
climate change risks and vulnerabilities, requiring a much improved coordination between mitigation, adaptation and societal 
transformation processes. However, the prevalent science and decision-making ethos tends to focus only on single issues, 
single scales and single action domains instead of the interactions between systems, while assuming that present social-
ecological systems remain mostly unchanged and unchangeable. 
In the EU project IMPRESSIONS, an integrative transition-oriented conceptual framework is being operationalised for the 
development of time-dependent adaptation, mitigation and transformation pathways across scales and sectors. The 
methodology ensures that the resulting pathways take into account societal thresholds as well as synergies between 
innovative solutions to cope with high-end climate scenarios combined with socio-economic scenarios. 
Our framework describes a participatory process linking the development of a long-term transformative vision of a desirable 
future with adaptation, mitigation and transformation pathways and solutions so as to help build system capacities to cope 
with high-end climate change. Using a complexity perspective we distinguish between normative and non-normative system 
components which drive systems dynamics. On the one hand, the normative orientation is driven by the overall goal of 
ensuring system sustainability. On the other hand, the non-normative system components are the result of multiple and 
closely interlinked cross-scale feedbacks subject to many uncertainties, surprises and potential tipping points - which in turn 
condition its resilience and vulnerability. In response to disturbances, a system may evolve in different magnitudes and forms, 
creating an archetypical spectrum of potential system states and combinations of adaptation, mitigation and transformation 
pathways. 
 
Evaluating the performance of models of impacts and adaptation under high-end climate change 
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Levels of climate change towards the high-end of projections appear increasingly plausible, as efforts to mitigate greenhouse 
gas emissions falter. However, few studies have assessed either their potential impacts or the potential for adaptation to 
reduce vulnerabilities. Moreover, since high-end scenarios are positioned at the tails of distributions of future climate 
projections, they may be associated with large changes in variability and extremes, potentially triggering strong non-linear and 
possibly irreversible system responses. Existing methods for assessing impacts and vulnerabilities have significant limitations 
under such scenarios; for example, most impact assessments still take a sectoral, single-scale approach, ignoring system-wide 
interactions. Thus, there is an urgent need for decision-makers to have access to more reliable scientific knowledge on these 
highly uncertain, but socially, economically and environmentally important, futures. 



This presentation will provide an overview of the relative advantages and disadvantages of a wide range of impact model types 
(including integrated assessment models, process-based models, agent-based models, statistical models) for quantifying 
impacts, risks and vulnerabilities associated with high-end scenarios. Methods of evaluating and inter-comparing model 
applicability for different sectors across a range of projected climates will be discussed. High-end scenarios may push societies 
well beyond the limits of adaptation, but the nature of these limits remains highly uncertain because the way adaptation is 
treated within impact models is usually very simplistic. Methods for incorporating a more comprehensive representation of 
adaptation constraints, triggers, time lags and effectiveness will be introduced. These include those which build on complex 
systems methods that simulate adaptation as a process underpinned by the systemic behaviour and decision-making of 
learning and interacting agents. Application of impact and adaptation models should also address the possibility of greater 
cross-sectoral and cross-scale impacts in a systematic way that takes account of key global interdependencies (e.g. relating to 
food, health, energy and ecosystems) as well as shared vulnerabilities among regions and populations. We will present a global 
to sub-national multi-scale integrated assessment framework that can support the testing of systemic solutions for managing 
the potential impacts of high-end climate change. This approach acknowledges that different economic sectors compete for 
resources such as land and water, and enables explicit exploration of cross-sectoral effects, synergies and trade-offs associated 
with alternative management responses, thereby enabling a more comprehensive understanding of the challenges posed by 
high-end futures. 
 
 
Ensemble evaluation of the future flood risk in Europe under high-end climate scenarios 
 Alfieri, L. Feyen, A. Bianchi, P. Burek, F. Dottori, G. Forzieri 
European Commission - Joint Research Centre, ISPRA, Italy 
 
 
EURO-CORDEX, the new generation of downscaled climate projections for Europe has recently become available, based on the 
Representative Concentration Pathways (RCP) adopted by the IPCC Fifth Assessment Report. In this work, an ensemble of 
seven EURO-CORDEX RCP 8.5 scenarios is used as input to a distributed hydrological model to assess the projected changes in 
flood hazard and flood risk in Europe through the current century. Statistical robustness is sought with the use of ensemble 
projections, through data aggregation over time (i.e., 30-year time slices) and space (i.e., country and river basin level), with 
the goal of detecting statistically significant trends over time and with regard to extreme events. Changes in the magnitude of 
average and extreme precipitation and streamflow are investigated through statistical tools and extreme value distribution 
fitting. A dedicated analysis on peaks over threshold is performed to evaluate changes in the frequency of extreme discharge 
peaks. The hazard component driven by the climate scenarios is then combined with exposure maps obtained from high 
resolution flood hazard maps and with vulnerability information, to estimate the overall flood risk in Europe under high-end 
climate projections. This work brings a number of novelties to address issues pointed out in previous flood risk assessments at 
continental scale: 1) flood hazard maps are derived by a 2D hydraulic model rather than through simplified approaches; 2) the 
frequency of extreme peak discharges is assessed more consistently through a peak over threshold approach; 3) a new 
methodology is proposed to bias correct the climate projections used, which is performed in the evaluation of the flood risk 
and therefore does not modify atmospheric variables nor the energy balance; 4) a coherent estimate of flood vulnerability 
information is included. 
Results indicate that the change in frequency of discharge extremes is likely to have a larger impact on the overall flood hazard 
as compared to the change in their magnitude. This underlines some limitations embedded in the commonly used block-
maxima analysis on annual peak discharges. On a continental average, flood peaks with return period above 100 years are 
projected to double in frequency within the next few decades. This is reflected into an average 200% climate-related increase 
in the future expected damage and population affected by the end of the century in Europe. 
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Coastal zones are heavily populated and affected by human uses and infrastructures. Their natural resilience in the face of 
meteo-oceanographic pressures (mean sea level, waves, surges, etc.) has diminished even under recent climatic conditions. 
The expected adverse change to these climatic factors under future scenarios will aggravate the situation, requiring careful 
consideration of technical, economic and policy elements to design how coastal areas can be more effectively managed under 



varying climatic conditions. We expect that a diverse set of options will be appropriate depending on the natural and socio-
economic settings. 
In this paper, we shall discuss how the coastal zone concept has progressively broadened (e.g. recognized coastal fringe width) 
whereas adaptation to climate change requires a flexible approach to cope with changing conditions. The interpretation of this 
concept has been progressively fixed in a legal and administrative sense, through which it has also, in many cases, been 
spatially and jurisdictionally extended. And yet it is apparent that an important choice has to be made between shoreline 
position and beach width (for a given sediment volume) or between different adaptation strategies such as adapt/defend or 
retreat options (for a given set of coastal functions). This dilemma will be illustrated with several case studies (vulnerability hot 
spots) from the RISES-AM- project considering high end scenarios consistent with the IPCC AR5. 
 
 
Coastal adaptation: protect or retreat? 
 Lincke, Hinkel 
Global Climate Forum, BERLIN, Germany 
 
 
Coastal flooding is currently one of the major threats to coastal livelihoods and infrastructure and flood risk is expected to 
increase significantly due to sea-level rise over the 21st century. While there has been a lot of interest in global scale 
assessments of increased flood risk recently, analysis of possible responses strategies are few and have focused on protection, 
leaving aside the other possible strategy of retreating from the coastal floodplain. 
This paper analyses, for the first time, the combined effects of, and trade-offs between protection and retreat strategies based 
on a further development of the DIVA model within the RISES-AM-project. It. Protection is assessed in terms of maintaining 
and upgrading dikes and retreat in terms of the policy decision not to upgrade dikes, which in turn increases the probability 
that people living in the floodplain migrate. We model this out migration based on a stylized version of logistic regression 
model developed in empirical studies. 
Various combinations of protection and retreat strategies are compared in terms of the number of people flooded, the 
number of people forced to migrate, expected annual flood damage costs, migration cost and the costs for dike building and 
maintenance. 
We find that protection is the cheaper option for densely populated areas, while for rural areas migration is less costly. This 
results from migration cost depending on the population to be migrated, while protection cost being independent from the 
protected population. 
We present impacts of increased flooding due to sea level rise under several migration/protection strategies on global and 
national (for selected countries) level and different sea-level rise and socio-economic scenarios. 
 
Exploring decision making related to risks posed by high-end climate change scenarios to land resource management sectors 
in Scotland: IMPRESSIONS Scottish case study 
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The rural economy of Scotland is vulnerable to the impacts of climate change. The Scottish case study within the IMPRESSIONS 
project explores risks posed by high-end climate change scenarios to land resource management sectors in Scotland, including 
forestry, agriculture and tourism. This paper presents the results from in-depth interviews conducted with decision-makers 
within these sectors. The interviews focused on the individual, behavioural and institutional conditions and decision-making 
processes that underpin adaptation. It included exploration with stakeholders of the robustness of current policies and the 
need for transformative strategies to deal with high-end scenarios. Cross-sectoral analysis is presented on the attitudes and 
decision-making behaviour of key Scottish stakeholders to different adaptation options for high-end climate change scenarios. 
Two of the key themes emerging from the interviews were: concern over possible disruption within the supply chain for food 
and beverage production (at the local, national and global scale); and the need for adaptation options to be enticing to (and 
approved by) internal committees within the organisation. The results of this research are being used to support the decision-
makers involved to incorporate adaptation to high-end climate change scenarios into their risk management strategies; as well 
as in future work to improve how adaptation is represented as a learning process in agent-based models, with the goal to 
provide new evidence to support implementation of the Scottish Adaptation Strategy and Land Use Strategy. 

 
Transformative cooperation to confront climate High-End Scenarios in Iberia. The case of the Tagus and the Guadiana river 
basins.  
 Cots, Dr. Tàbara  
Autonomous University of Barcelona, CERDANYOLA VALLES (BARCELONA), Spain 
 
Understanding and improving institutional cooperation can be seen as one of the most important and potentially fruitful 
strategies to confront the expected consequences associated with climate High-End Scenarios (HES). Despite the predominant 
science-policy framing used thus far for the development of integrated policies to cope with climate change has emphasized 

the need to develop strategies and solutions which would prevent global warming to trespass the 2�C threshold, present 
GHG emission trends show that such ambition is becoming increasingly compromised. Hence, it is now crucial to explore how 



to improve the most efficient options and mechanisms for institutional cooperation to yield not only reduced emissions targets 
(mitigation) or improved responses to impacts of the impending near-future (adaptation) but above all, which are able to 
generate completely new forms of social-ecological system interactions (transformation). To this aim, in this paper we 
introduce the concept of transformative cooperation and assess the potential and capacities of existing agents and 
organizations to promote it in the context of two transboundary river basins in Iberia. In particular, and within the context of 
the EU project IMPRESSIONS, we look at both at both vertical and horizontal transformative cooperation to support Integrated 
Climate Governance among regional, national and European institutions and policies in the Tajo and Guadiana river basins. 
 
 
A European storm surge model for projections of extreme water levels under high-end climate change scenarios 
 Vousdoukas
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Extreme water levels along the coast are crucial for impact assessment efforts. Storm surges are an important component of 
the hazard and it is unknown how they will evolve along Europe's coastline in view of climate change. In the present 
contribution, the open-source coastal circulation model Delft3D-Flow was forced by wind velocity and atmospheric pressure 
fields from CMIP5 climate models in order to evaluate dynamics in storm surges (?surge) along the European coastline during 
this century. Validation/calibration simulations, spanning from 01/01/2008 to 01/06/2014 and driven by ERA-Interim 
atmospheric forcing, took place prior to the climate scenario simulations and showed good predictive skill (0.04 m<?surge<0.25 
m for 178 tidal gauge stations across Europe). Output from different climate models (ACCESS1.0, ACCESS1.3, EC-EARTH, GFDL-
CM3, HadCM3, HadGEM2-ES, MPI-ESM-LR, MPI-ESM-MR) for 3 scenarios (Historical, RCP4.5, RCP8.5) were used to generate an 
extensive dataset of extreme water levels, on which GEV extreme value analysis was applied to estimate ?surge values for 
different return periods. Results based on the output from the ACCESS1.0 model for an RCP8.5 scenario show an increasing 
trend in surge levels for the 500 years event for several European areas, such as the Norwegian Sea, East North Sea, the SW 
and East UK coast, the Bay of Biscay, the SE Adriatic and Ionian Sea and most parts of the Minor Asia and Levantine coast. 
Decreasing trends were observed along most of the Baltic Sea, the Belgian and Dutch coast, the Iberian Peninsula below 40

o
N, 

the North and West Adriatic and the South Aegean Sea. Based on the statistical analysis of extreme storm surge levels for the 
whole ensemble we will present trends in storm surges along the European coastline in view of climate change, as well as the 
statistical significance of the changes. 
 
 
Adaptation pathways to maintain global wheat production through the 21st century 
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Agricultural adaptation has the potential to reduce the negative impacts of climate change on crop yields. However, 
researchers have not yet identified when and what adaptation options are required to meet this challenge globally. Describing 
the pathways of necessary adaptation (i.e., temporal sequences of necessary adaptation) is useful because these show us the 
timing and intensity of the adaptations required. Here we present adaptation pathways in the current major wheat-producing 
countries based on sequential introduction of the minimum adaptation measures necessary to maintain current yields through 
the 21st century. We used two extremely different climate-change scenarios of the Representative Concentration Pathways 
(RCPs): the RCP8.5 scenario, which is a high-end climate change scenario, and the RCP2.6 scenario, which is a strong mitigation 
scenario. We considered two adaptation options with multiple intensity levels each: (i) expanding irrigation infrastructure; and 
(ii) switching crop varieties and developing new crop varieties. We show that the adaptation pathways are quite different 
among the current major wheat-producing countries. Although wheat yields could be maintained at the current level by the 
adaptation assumed in this study in most countries, the pathways show that a large expansion of irrigation and the 
development of new heat-tolerant varieties will be required in several countries, particularly under the RCP8.5 scenario. In 
addition, we found that the attainable wheat yield by adaptation is notably dependent on whether forecasts of necessary 
adaptation are available or not, in case it takes substantial time to implement an adaptation after planning it and the feasible 
rate of adaptation is limited. Therefore, forecasting the adaptation required in the future will be important to achieve the 
benefit of adaptation pathways. 
 
 
Mapping high-end climate change: the Human Dynamics of Climate Change project 
 Lewis 
Met Office Hadley Centre, EXETER, United Kingdom 
 
For many users information on high end climate change can be difficult to obtain and confusing to understand. The CMIP and 
ISIMIP projects represent huge advances in the scientific communities' ability to share and compare findings, but even with the 
efforts of the IPCC, there are barriers to non-specialists getting a quick and clear view of what the models show. The problem is 
made more acute by the fact that most users want to understand those projections, not from a climate science perspective, 
but in the context of the world we live in.The 'Human dynamics of climate change' project is an ambitious attempt to 



communicate the findings of the latest generation of climate and impact model high-end projections in a digestible format. It 
empowers people by giving them access to the information climate scientists have from the climate models, but shown from a 
human perspective, to allow them to form their own conclusions about what unmitigated climate change means.This talk will 
present the data from the Human dynamics of climate change project and discuss the challenges and opportunities of 
presenting and communicating information on high-end climate change to users. In particular it will explore ideas around 
analysing and communicating climate projections as they apply to a real world dynamics to inform adaptation. 
 
 
Vulnerability of the Mediterranean coast in high-end climate change scenarios 
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Thiscontribution describes the impacts of high end climate change scenarios on the Mediterraneancoast. The study is focalized 
on the maximum water level that will be reachedin the future at the coast considering the superposition of waves, storm surge 
and mean sea level variations.It compares results based on an ensembleof CMIP5 simulations for the RCP8.5emission scenario 
to previous results based on the SRES A1B emission scenario. Ourgoal is to analyze the effect of two factors that in the 
Mediterranean Sea willact in opposite directions: the increase of mean sea level (due to regionalsteric effects and water mass 
addition through the Gibraltar Strait) and thedecrease of storminess (due to the northward shift of the storm track 
acrossEurope). The latter will decrease surge levels and wave heights, thereforereducing the maximum water levels. In turn, 
the steric effect is composed ofcontrasting thermosteric expansion and halosteric contraction, corresponding tofuture increase 
of temperature andsalinity, respectively. This study shows that the attenuation ofstorminess will reduce the maximum water 
level in the next decades, but duringthe second half of this century, mass addition through the GibraltarStrait will lead to a 
statistically significant increaseof the extreme water level statistics along the Mediterranean coast. Impacts onbeaches (e.g. 
erosion), harbors (e.g. overtopping), human settlements (e.g.,flood damage) and the management of these impacts through 
enhanced coastaldefenses are discussed. This study is part of the RISES-AM project(FP7-EU-603396). 
 
 
The effect of bias adjustment in modeling global terrestrial water cycle and extremes 
 Tsanis, L. Papadimitriou, M.G. Grillakis, A.G. Koutroulis 
Technical University of Crete, CHANIA, Greece 
 
Global CO2 emissions rates keep following high end climate change pathways leading to extremely warmer futures. As a result 
the interest in climate change research shifted from the target limit of 2

o
C, which seems to be unavoidable, to the assessment 

of the impacts of higher levels of global warming resulting to 4
o
C and higher at the end of the 21

st
 century. Global freshwater 

availability under such conditions is a key issue of concern that is usually studied by Global Hydrological Models (GHMs). 
Offline GHMs are forced with Climate Model outputs that are previously bias adjusted against observations, due to the high 
systematic errors and biases that they feature. This process adds another level of uncertainty in the chain of climate to impact 
modeling that has to be investigated and communicated to the impact research communities. In our study we use the Joint UK 
Land Environment Simulator (JULES) to model the effects of climate change on the global terrestrial water cycle and assess 
future water availability. The effect of bias correction is examined by forcing JULES with both raw and bias corrected data from 
5 different GCMs, regionalised for the European domain at 0.44-degree resolution by the CORDEX regional climate model 
(EURO-CORDEX 44). The bias adjustment method used is a multi-segment statistical technique. The bias-correction method is 
examined for its effect in improving the simulation of water resources, with special focus on hydrological events of extreme 
water scarcity.  
 
 
Developing global scenarios of coastal population for the shared socioeconomic pathways 
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Coastal flooding constitutes a major risk in many of the world's coastal areas and is expected to increase due to rising sea-
levels. At the same time, population at the coast is believed to increase faster than inland population as coastal zones continue 
to attract people for economic or cultural reasons, thus leading to higher exposure of population and assets. Assessments of 
vulnerability and risk to coastal flooding for the future employ socio-economic scenarios, such as the SRES scenarios or the 
more recent shared socio-economic pathways (SSPs), to estimate long-term impacts. These assessments have so far not 
accounted for the different growth rate of coastal population, which may lead to an underestimation of impacts. 
In the context of the RISES-AM project (EU-FP7) we developed spatially explicit population projections for the world's coastal 
regions, for selected SSPs (1, 3 and 5). We employed the population projections of the International Institute of applied system 
analysis (IIASA) who developed non-spatially explicit projections for population totals at national scale up to 2100 for each SSP. 
We used global population count grids to analyse historic growth differences between coastal and inland areas as well as 
urban and rural communities. National population changes were therefore subdivided to four zones per country in order to 



calculate growth rates for each of the zones. These rates were then applied to the population count grids to generate spatially 
explicit population projections for selected SSPs in 5 year increments from 2015 to 2100. 
Results show that in SSP5 global coastal population will increase by 25% (compared to 2010) until 2055 and decrease 
afterwards. In SSP3 global coastal population will increase by 25% until 2035, 50% until 2075 and 65% until 2100. Most of the 
coastal growth takes place in urban areas. The number of people living in coastal urban areas will increase by up to 40% within 
the next 25 years and by up to 90% until the end of the century (SSP3). 
This spatially explicit approach highlights regions that will face the highest coastal population growth, thus indicating potential 
challenges to adapting to sea-level rise. 
 
 
Scenarios of climate change impacts and adaptation above 2C global warming 
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With global emissions of greenhouse gases still increasing, it seems increasinly likely that global mean surface temperatures 
will exceed the international policy 'guardrail' of 2 degrees C relative to pre-industrial. The regional climate changes and 
biophysical impacts associated with this warming are highly uncertain, depending on the combination of forcings, and the 
timescale and spatial pattern of the response of the climate system. Further uncertainties in socioeconomic impacts arise from 
the unknown future trajectory of global population, economics and technology. Adaptation to future climate change requires 
scenarios which represent the 'uncertainty space' effectively, allowing decisions to be appropriately informed by a range of 
possible outcomes in a manageable way.  
This presentation describes and explains scenarios for climate change above 2C, which explore the range of uncertainties at 
regional scales. This includes scenarios of a range of times of reaching specific warming levels of 2, 4 and 6C, arising from 
different emissions scenarios and different climate sensitivities, and scenarios of a range of regional climate states arising from 
different patterns of climate response. This focusses mainly on climate model projections from the 5th Coupled Model 
Intercomparison Project (CMIP5). It also includes scenarios of biophysical impacts from a number of different models in sectors 
such as agriculture and water resources amongst others, including projections from the Inter-Sectoral Impacts Model 
Intercomparison Project (ISI-MIP) amogst others, and scenarios of socioeconomic changes leading to different societal and 
economic impacts which may vary according to the extent and nature of adaptation. A key focus is on how the vast and 
complex uncertainty can be managed in such a way as to provide useful information for decision-makers. 
 
 
Extreme floods - an assessment of direct and indirect economic impacts on the global supply network 
 Willner, AD Dobler, KF Frieler, AL Levermann 
Potsdam-Institute for Climate Impact Research, POTSDAM, Germany 
 
Risks of extreme weather events like floods are likely to increase under global warming. Since world markets are highly 
interlinked and local economies are extensively relying on global supply and value added chains, extreme weather in one place 
may have repercussions elsewhere. Accordingly, a comprehensive climate risk management and cost estimation should take 
these interactions and dynamics into account.Here, we present the dynamic damage propagation model 'acclimate'. On the 
same time scale as the local events the model explores immediate response dynamics as well as the subsequent recovery 
phase of the supply network. As a first application, direct and indirect damages due to extreme river discharges are discussed. 
We downscale 'ISI-MIP' river runoff projections by employing the river routing model 'CaMa-Flood'. The resulting high-
resolution water depth and area inundation data allow an assessment of local economic damages and losses in production on 
a day-by-day timescale.For several representative concentration pathways (RCPs) and socio-economic scenarios (i.e. supply 
networks), we discuss the resulting direct flood damages in comparison to the indirect damages, that propagate through the 
global supply network. Concerning risk management, our study stresses the importance of global structural adaptation 
measures in addition to local flood protection. 
 
 
Developing approaches to evaluation of adaptation options under high end scenarios 
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Relatively few climate adaptation studies have focused on high-end scenarios (HES). However, slow progress in mitigation 
policy makes HES increasingly likely. Research efforts are turning to HES and associated adaptation challenges. One issue is the 

need to assess �costs' and �benefits' of policies. Classical economic methods such as CBA are ill-suited to assessment of 
adaptation for long-term, complex, highly uncertain scenarios, because they require monetary expressions of all costs and 
benefits, and full specification of probability distributions. 
Economic valuation requires strong assumptions. Methods assume that individual expressed or revealed preferences are 
robust indicators of the underlying values of goods and services to people. This fits with market institutions but is less reliable 
for non-marketed environmental and social features. Values expressed in markets are constrained by incomes, and reflect 
heavily skewed income distributions that are increasingly seen as unfair and undesirable. Data gaps are extensive, due to 
imperfect understanding of ecosystem processes and human behaviour, leading to under-weighting of non-monetised impacts 
in evaluations and decision processes based on valuation evidence. 
These concerns hold even for derived methods such as portfolio analysis and iterative risk management - though better suited 
than classical CBA, these methods still require expressing future outcomes in monetary terms, and rely to some extent on 
knowing probability distributions. The partial-equilibrium focus of economic appraisal is suited to marginal changes, not the 
radical and transformational shifts envisaged under HES. Non-linearities, threshold effects, and highly inelastic demand (rapidly 
changing marginal values) all present important limits and challenges to these methods. 
Thus, there is a need for innovative solutions to assess both immediate and long-term effects of adaptation and contrast these 
with both immediate and long term opportunity costs. Alternative approaches can focus on various indicators of performance, 
sustainability, well-being, or vulnerability that are less context-dependent than economic values. These variables still need to 
be projected via modelling under HES. A further alternative is to accept the current opacity of future preferences and 
institutions, and focus instead on maintaining capabilities and capacities: benefits are assessed in terms of changed capacities 
rather than outcomes. These methods can be coupled with non-economic decision rules such as safe minimum standards and 
no net loss approaches. We develop a set of criteria relating to the feasibility, relevance and acceptability of different 
approaches, and explain how these are being used, in consultation with stakeholders, to derive evaluation strategies for the 
IMPRESSIONS project. 
 
 
Analysing security implications of indirect impacts of high-end climate change 
 Carlsen, M.B. Benzie 
Stockholm Environment Institute, STOCKHOLM, Sweden 
 
High-end' climate scenarios are those that describe climate change levels at the upper end of the range of possible futures. 
These are scenarios which could imply potentially very large consequences, e.g. severe loss of biodiversity and whole areas 

becoming uninhabitable. Whilst a target to limit climate change to 2�C above pre-industrial levels has been agreed by the EU 
and subsequently by the UNFCCC, the high-end scenarios are seen as increasingly plausible. 

High-end climate change increases the risk for �systemic effect' on society in at least two ways. First, most impacts 
assessments take a single-sector approach. Since high-end climate change may push systems beyond critical thresholds it is 
necessary to also consider the impacts of impacts across sectors. Second, most impacts assessments take a localised approach 
hence neglecting impacts of impacts across administrative boundaries.  
One particular systemic effect of climate change is risks to security. In this paper we present a systematic way of analysing 
possible security implications of high-end scenarios focusing on indirect impacts across administrative boarders. In doing so we 
utilise two conceptual frameworks for analysing i) possible security implications of climate change and ii) analysing indirect 
impacts of climate change through different pathways connecting impacts at one location with other locations. In the first 

framework climate change is linked to security in three possible ways: �climate discourse', i.e. how climate change is 
conceptualised; changing natural resources (e.g. agricultural production); and changing patterns in extreme weather events 
(e.g. heatwaves). In the second framework, indirect impacts are seen as transmitted across boarders via four pathways: people 
(e.g. migration), trade (e.g. supply chains), finance (e.g. foreign investments) and bio-physical (e.g. transboundary rivers). In the 
paper we use these two frameworks for analysing possible security implications for the EU of impacts of high-end climate 
change in Central Asia and possible knock-on effect for Russia and China. The security implications are analysed both from a 
human-centric approach and from a state-centric approach to security, hence addressing different aspects of current EU 
strategies in the region.  
 
 
Scalability of Regional Climate Change in Europe for High-End Scenarios 
 Hesselbjerg Christensen

1
, Drews

2
, Yang

1
, Boberg

1
, Maule

1
, Christensen

1
, Sørup

2
 

1
Danish Meteorological Institute, COPENHAGEN Ø, Denmark 

2
Technical University of Denmark, ROSKILDE, Denmark 

 
The extent of validity of pattern scaling is investigated in the framework of a set of regional climate model simulations over 
Europe. Through an analysis of scaled change parameters, the effect of spatial correlation of modelled climate change on total 
PDFs is investigated. 
The RCM simulations investigated in this study are the ENSEMBLES collection of SRES A1B transient simulations 1961-2100 
with the addition of corresponding simulations with the RCM HIRHAM5 following several emission scenarios of varying 
magnitude: RCP8.5 transiently 1961-2100 as well as RCP4.5 and a 6-degrees-warming scenario as 30-year time slice 



experiments. Several different driving models have been used, though the highest-amplitude simulations RCP8.5 and the 6-
degrees scenario were both using EC-EARTH. From the transient simulations, consecutive 30-year sub-periods are extracted 
and analyzed. All RCM simulations in the study are using the exact same integration domain over Europe in around 25km 
resolution. 
Several temperature and precipitation related average and extreme quantities are examined for linearity in the corresponding 
global temperature change. Generally, the magnitudes of change for average quantities in European sub-regions are 
proportional to the corresponding global warming. 
The large number of simulation periods with the same RCM setup enables us to construct probability density functions for 
scaled climate change parameters for European sub-regions, e.g., summer heating over the Iberian Peninsula per degree of 
global warming. 

 

9.5 Climate change adaptation in the context of extremes: Exploring drought and flooding 
governance 

Climate and Climate change Scenarios in the Thar desert ecosystem of India 
 Poonia, Dr. Rao 
Central Arid Zone Research Institute, Jodhpur, Rajasthan, INDIA, JODHPUR, India 
 
The hot arid zone of India, which is located in northwest India is spread in 3,17,00 km

2
 and is characterized by limited and 

erratic nature of rainfall, extreme temperatures with large diurnal and seasonal variation, strong solar radiation and wind 
regime resulting demand for high water requirements. The weather conditions, even in normal years, for most part of the year 
remains too dry and inhospitable for human and livestock. The mean annual rainfall in arid Rajasthan varies from 185 mm at 
Jaisalmer to more than 467 mm at Sikar.  
Besides xerophytic type of ecosystem, the fauna in Thar desert is subjected to extreme diurnal and seasonal variation in 
temperatures ranging as low as -5

0
C in winter to a high of +49

0
C in summer, causing thermal stress to the fauna. The Inter-

Governmental Panel on Climate Change (IPCC, 2007) projected for hotter days and warm nights and a reduction in rainfall in 
Thar region by 21

st
 century. Such projected climate change results in shifting rainfall pattern, higher temperatures, more 

demand for water and will be significant driver of biodiversity with changing life cycles, loss, migration and invasion of new 
habitat in Thar region. 
The present study on annual rainfall and temperature (1960-2013) for Thar region showed by the end of 21

st
 century, an 

increase in temperature by +3.9
0
C at Bikaner, +3.7

0
C at Jaisalmer, +2.9

0
C at Jodhpur and +2.4

0
C at Pali, if the present rate of 

warming continues. The overall regional trend in annual rainfall (1901-2013) for Thar showed no significant rise (@ 0.29 
mm/year) in the rainfall, however, the rainfall trend (1960-2013) at different locations showed that the annual rainfall is likely 
to increase by +100 mm at Bikaner, +124 mm at Jaisalmer, -40 mm at Jodhpur and +21 mm at Pali. The spatial and temporal 
variation in potential evapotranspiration requirement of Thar region ranged from 2.0 mm/day to 12.0 mm/day and on an 
annual basis between 1500 mm to 2200 mm. During monsoon season, the impact of elevated temperatures on water demand 
is expected to increase by 0.1 to 0.5 mm/day for 1

0
C rise, 0.3 to 1.1 mm/day for 2

0
C, 0.4 to 1.6 mm/day for 3

0
C rise and 0.6 to 

2.1 mm/day for a 4
0
C rise in temperature. Such increased demand of water due to global warming will reduce the scarce water 

and feed resources of Thar region.  
 
 
Identification and Effectiveness of the Autonomous Adaptation Strategies in Thar Desert Pakistan 
 Soomro 
Research and Development Foundation (RDF, QASIMABAD HYDERABAD, Pakistan 
 
Located in the southeast of Pakistan's Sindh province, the district Tharparker is a rain dependant arid area, where over the 
years droughts have become more frequent and phenomenon. Sometimes it does not rain for years, resulting in severe 
droughts, which cause further depletion of the already scarce natural resources and increase food insecurity. This study finds 
out autonomous adaptation strategies used by the local communities in order to live with the climate change. Qualitative and 
quantitative tools were used to identify those strategies and assess their effectiveness on life of the people. Livestock is the 
predominant livelihood source people have in Thar desert and it is the determinant which motivates them to adapt. There are 
approximately 6.5 million livestock heads in Thar desert, completely dependent on the pasturelands. In case of no rains, 
temporary migration to neighboring barrage areas is found as one of the strategies, people are using since years. Temporary 
migration is widely used adaptation strategy, other strategies include working on carpet weaving and handicraft making, 
hunting daily wage in the nearest markets, selling some of the cattle heads to survive drought period. The study finds out that 
migration is crucial for maintaining subsistence livelihoods and survival of the livestock. Other strategies are usually used by 
the communities while remaining at their homes. Thus the study overall provides an overview and effectiveness of the 
autonomous adaptation strategies which people have learnt over the years and are using to deal with climate induced stresses 
like the droughts and food insecurity 
 
 
 



Flooding on the Somerset Levels: an opportunity for greater public participation in governance? 
 Walker-Springett, Butler 
University of Exeter, EXETER, United Kingdom 
 
Flood governance within Somerset, UK is challenging because of the interplay between water, landscape and people in this 
region. As a rural managed landscape, much of which is at sea level, flooding is very much a part of the annual cycle. As such, 
any water management policy has to accommodate the diverse needs of local people, rural businesses and nature. Tension 
and conflict between the expectations of local residents and the practical implementation of UK flood policy in Somerset have 
become particularly apparent since major floods in the winter of 2013/14, which saw much of Somerset under water for a 
prolonged period, with some residents still not back in their homes in 2015. This paper presents initial results from research 
that explores differing perspectives on flood policy and its effects on the post-flood recovery process across Somerset 
residents and stakeholders involved in managing the 2013/14 winter floods. A longitudinal approach was utilised and a series 
of semi-structured interviews were conducted in 2014 and repeated in 2015 (interview n= 114). The results indicate that 
inflexibility within the policy landscape resulted in water management decisions that were perceived to be impractical on the 
ground, or that were in opposition with local knowledge. Multiple contrasting narratives of flood causes, management and 
recovery emerged in the aftermath of the floods, with high levels of conflict across and between both residents and 
stakeholders. As time has moved on, however, increases and improvements in dialogue and community involvement, along 
with moves toward a newly localised form of governance have been regarded more positively. By examining narratives and 
perspectives on flood governance in a post-recovery context over time, the paper reveals the importance of community 
involvement and makes recommendations regarding opportunities and challenges for participation. 
 
 
Privatizing the risk of floods - Discussing the multiple implications of changes in flood insurance policies in Finland 
 Haanpää 
Aalto University, ESPOO, Finland 
 
In 2014, Finland introduced a flood insurance policy that replaced a system of state-paid subsidies for the victims of 
exceptional floods. This change in flood insurance policies can be seen as one of the first concrete implications of the overtone 
of recently updated adaptation policies in Finland, that increasingly highlight the role of individual action in engaging in 
adaptive measures. This is a noticeable change in a country where the state traditionally has carried a major societal 
responsibility in both disaster prevention and compensation alike. With similar changes taking place in compensation policies 
for crop damages in 2016, it is timely to discuss the societal implications of this trend in adaptation policies. 
With this trend and with the recent changes in in financially responsible quartiers for flood damage compensation, multiple 
interconnected changes in risk perception and management simultaneously took place, among others regarding the roles of 
different actors, their motivations to adapt and the perceived fairness of risks. An even larger change occurred in the framing 
of the risk however, as privatizing the financial risk also meant privatizing the discussion through which the risks connected top 
decisions on flood protection, such as the level of exceptional or unexpected and therefore compensated (flood) damages, are 
determined. 
The presentation at hand first seeks to identify early indications of changes taken place in the risk appraisal of the Finnish 
society at large since the introduction of the new flood policy and second tries to anticipate how these changes might present 
themselves in the context of compensation for crop damages once the policy changes take effect on that arena. The study is 
based on a literature survey on risk and risk management that is applied and discussed through with a team of experts in the 
context of flood insurance policies in Finland. 
 
 
'In the pursuit of resilience' - Just how future-proof is England to flooding? 
 Alexander, SP Priest 
Flood Hazard Research Centre, Middlesex University, LONDON, United Kingdom 
 
The need to enhance societal resilience to flooding in England, in a way that is sustainable and adaptive to the changing nature 
of risk, is widely recognised. Flood risk governance can facilitate or potentially constrain these efforts and is therefore pivotal 
to the discussion of resilience. Whilst significant flood events in the Summer of 2007 and the Winter floods 2013/14 provide 
useful windows into the strengths and weaknesses of Flood Risk Management (FRM), this presentation adopts a longitudinal 
perspective and considers the extent the which societal resilience to flooding has evolved over time. 
Adopting the Policy Arrangement Approach (Arts and Leroy, 2006), a national Flood Risk Governance Arrangement (FRGA) is 
identified and defined as the arrangement of actors, rules, resources and discourses united under the shared goal of FRM. 
Within this national arrangement, sub-arrangements (referred to here as sub-FRGAs) achieve distinct objectives (such as 
spatial planning, flood emergency management and insurance). Both units of analysis are examined by employing a framework 
for evaluation developed within the EU project STAR-FLOOD (http://www.starflood.eu/). Within this framework, a range of 
indicators are considered to assess different facets of resilience; including i) the capacity to resist, ii) the capacity to absorb and 
recover from a flood event and iii) the capacity to adapt. 
Based on interviews with key stakeholders in FRM, as well as policy and legal analysis, this presentation identifies a number of 
strengths and weaknesses in the current approach to flood risk governance in England. For instance, diversity in FRM strategies 

and measures creates a series of �back-ups' and contingency mechanisms to enhance capacity to buffer against the 
occurrence and impact of floods. There is also in-built flexibility and adaptability in the English system, such that significant 



changes in governance are not necessarily required to effect change in policy and practice. However there remain a number of 
areas for improvement, for example related to financial resources for defence maintenance and incentives for property-level 

adaptation (to avoid a �return to normal' construct of resilience). Building resilience and adaptive capacity will also require a 
shift in public expectations and a strong political stance about how floods should to be managed in the long-term, with 
responsibilities distributed between the state, market and civil society actors. From this analysis, this presentation offers a 
number of recommendations for strengthening flood risk governance, considering the opportunities and barriers that could 
challenge our pursuit of resilience. 
 
 
Governing for drought and water scarcity adaptation in the context of flooding recovery: The curious case of Somerset, UK 
 Browne

1
, I La Jeunesse

2
, C De Boer

3
, U Stein

4
 

1
Sustainable Consumption Institute/Geography, University of Manchester, MANCHESTER, United Kingdom 

2
University of Tours, TOURS, France 

3
University of Twente, ENSCHEDE, Netherlands 

4
Ecologic Institute, BERLIN, Germany 

 
Historically, flooding has dominated the physical and political landscape of Somerset, UK - particularly over the winter of 
2013/2014 when a devastating and high profile flood hit the region. However, the area is also sensitive to drought and water 
scarcity (D&WS) events - with the region being on the precipice of an increasingly severe drought throughout 2010-2012. This 

paper focuses on the governance of D&WS in Somerset - one of the six case studies in �The DROP project' which explores 
adaptation and resilience to the climate impacts of drought and water scarcity across North West Europe. The project team 
visited Somerset twice - once in September 2013 following the period of scarcity, and again in October 2014 after a period of 
flooding recovery. The study found on the first visit that there were many positive elements to the regional processes of 
governance for drought and water scarcity in Somerset. These ranged from the types of instruments and measures used 
including on the ground measures for D&WS; the extent of the relationships and capacities that were increasing being built to 
deal with policies; and the increasing visibility of the issues of D&WS for the region after a period of extended dryness. The 
implications for drought governance in the context of flooding recovery are also discussed. We focus particularly on the 

�silos' that are occurring between drought and flood in the definition of the target of adaptation efforts for a future of 
climate change, on-going water management policy, and on the ground adaptation actions. 

 
10. Regional challenges & opportunities (Arctic, mountains, Mediterranean)  

10.1 Climate Change & Societies’ Adaptive Capacity in the Arctic - In a Multi-Level and 
Interdisciplinary Perspective 

Impact Benefit Agreements as mechanisms for climate change adaptation 
 Pacheco 
Department of Culture and Society, Aarhus University, AARHUS, Denmark 
 
Article 2 of the United Nations Framework Convention on Climate Change (UNFCCC) requires governments to implement 
climate change adaptation measures to 'enable economic development to proceed in a sustainable manner.' In some 
resource-rich countries one legal mechanism that already exists that could be utilized as an adaptation measure is the Impact 
Benefit Agreement (IBA). These agreements are entered into by the government and the resource developer and may include, 
depending on the jurisdiction, organized representatives of the communities most impacted by the resource project. The 
objective of an IBA is to maximize, manage and monitor the benefits of resource extraction for all parties involved in a given 
resource project. However, as they stand, IBAs rarely include sustainability and climate change adaptation criteria as part of 
their objectives. This paper will therefore explore, by examining some industry cases from Canada and Greenland, the various 
ways in which IBAs could be transformed into effective mechanisms for climate change adaptation and sustainable 
development in resource-rich countries. 
 
 
Climate Change and Human Security In a Multi-Level Dimension: The Case of the Arctic Ocean with The Role of China as an 
Unpredictable Variable for Arctic Security 
 Cassotta 
Deparment of Law, Aarhus University, AARHUS, Denmark 
 
Attention on climate change is continuously progressing at global, regional and national levels. The consequences of this 
environmental problem are not only potentially globally catastrophic, but also quite difficult to address and regulate due to 
scientific uncertainties and political disagreements. The impact of climate change, such as ice melting, facilitates natural 
resource extraction. Arctic fossil fuels, for example, becomes drivers of geopolitical changes because climate change impact 
facilitates vast resource extraction, increases competition between states and result in tensions and threats, even military 
ones. This has literally changed the concept of security. Indeed, 'the threat from the skies today (are) not so much nuclear 
missiles as ozone-layer depletion and global warming' as expressed by Mikhail Gorbatchev.[1] 



This article investigates on the climate change and human security nexus which until now, has been neither well developed nor 
well documented, especially from the prism of international law and a multi-level regulatory perspective. The aim here, then, 
is to assess if the present international legal framework for environmental Arctic Ocean governance is adequate to avoid 
conflicts over resources given the high level of exposure of environmental risks and unpredictable assertive attitudes of 
affected or involved countries. Unpredictability and the role of military will be considered two of the problems of the nexus 
between climate change and human security, both of which can lead to an unpredictable proliferation of a myriad of potential 
'tinderboxes' that could develop 'suddenly' and unexpectedly given the strategies of assertive 'energy-hungry' countries', such 
as China. 
Commencing by enquiring as to what degree the effects of climate change can be tackled at the global level of the United 
Nations Security Council (UNSC), an assessment will be made of the extent to which improvements at the UN level can 
reverberates down to the regional level of environmental Arctic Ocean governance. The United Nations Convention of the Law 
of the Sea (UNCLOS) and the Arctic Council (AC) will be examined regarding how institutions can deal with uncertainty and 
potential threats associated with specified non-Arctic energy-hungry countries. In particular, China is moving away from its role 
as 'humble power' to one of 'informal imperialist' resulting in substantial impact on the Arctic and Antarctic dynamic. It is 
wondered, what China understands about the public order dimension of UNCLOS. 
[1] Meyers, Norman (2007),'Environmental Security Concerns: Sources', prepared for NATO workshop on energy and 
environmental challenges to security, Budapest, 21-23 November 2007, pp. 1-11. 
 
 
Considering Resource Development and Use in the Bering, Beaufort and Chukchi Seas in the Context of Adaption Actions for 
a Changing Arctic  
 Muir 
Arctic Institute of North America, CALGARY, Canada 
 
Traditional assessments have usually focused on single pressures. However an understanding of the interactions between 
multiple drivers and pressures is necessary to respond to an Arctic characterized by changing climate, cultures and economies. 
In the Nuuk Declaration of 2011, the Arctic Council and its eight member states indicated the need for an integrated 
assessment of multiple drivers and of Arctic change as a tool for indigenous peoples, Arctic residents, governments and 
industry to prepare for the future. 
As a result, the Arctic Council requested the Arctic Monitoring Assessment Program (AMAP) to produce information to assist 
local decision makers and stakeholders in three pilot regions in developing adaptation tools and strategies to better deal with 
climate change and other pertinent environmental stressors.  
This resulted in the Adaption Actions for a Changing Arctic (AACA) process, and overarching AACA and regional reports. This is 
being done to enable more informed, timely and responsive policy and decision making in a rapidly changing Arctic, and 
include a consideration of Arctic-focused climate and integrated environmental frameworks 
This presentation focuses on changes and adaptive actions for the Bering, Beaufort and Chukchi Seas region for renewable and 
nonrenewable resource developments including oil and gas activity, mining, transportation (marine, air and terrestrial), 
infrastructure, fishing and tourism, and traditional and subsistence lifestyles and uses. This includes a consideration of energy-
intensive communities, industries and lifestyles; use of and impacts on traditional knowledge and subsistence lifestyles; 
emergencies, risk and disaster response. It also includes indigenous, local, regional and national adaptive policies and actions. 
The presentation considers science and policy interface and gaps, and makes recommendations to support that interface and 
address these gaps within Bering, Beaufort and Chukchi Seas region, and external to that region but within the Arctic and 
globally. 
In considering the Arctic and AACA approach, there is a comparison of adaptive approaches and the actions for the Arctic 
under the AACA (based on this regional pilot) with adaptive approaches and actions for Europe under the EU Adaptation 
Strategy Package, including similiarities and differences for resource developments between the regions. 
The overall presentation draws upon existing and current research completed under the Arctic Institute of North America, and 
ongoing efforts under the regional AACA report for the Bering, Beaufort and Chukchi Seas. 
 
 
Circum-Arctic and Polar Opportunities for Integrated Energy, Heat, and Water, and Role of Renewable Energy and 
Combined Heat and Power in Adapting to and Mitigating Arctic Climate and Other Changes 
 Muir 
Arctic Institute of North America, CALGARY, Canada 
 
The presentation considers the integration of energy, water and heat systems, and possible role of renewable energy for the 
circumpolar Arctic as as a form of adaptive and mitigative response to Arctic climate change. Though its contribution is small, 
Arctic communities do contribute to overall greenhouse emissions. Arctic industries - particularly oil and gas production, 
mining, transport and infrastructure - are very energy intensive. The best actors in these industries are seeking to 
simultaneously increase their energy efficiency and intensity and to lower their overall greenhouse gas emissions, while 
responding to the Arctic climate and other changes.  
Within the Arctic, many off-grid communities and remote industrial developments rely on hydrocarbons for electricity, and 
have longstanding issues with water quality, sanitation and the waste water treatment. These longstanding problems may be 
improved by integrating energy and water systems, and renewable energy and heat projects. In addition to adapting and 
mitigating to climate change, integrating energy, heat and water systems, and the use of natural gas and natural liquids in 



combination with renewable energy, distributed heat and combined-heat-power, provides economic, health and local 
benefits, including the development of more sustainable Arctic communities, economies and industries.  
Arctic and polar regions are often typified by high energy costs, most generating electricity and heat through burning imported 
hydrocarbons (usually diesel). This occur with have multiple and backup diesel generators in both communities and 
developments to provide sufficient energy security in the cold climates. Renewable energy, combined with natural gas and 
natural gas liquid could provide heat and power with sufficient security. In turn the distributed heat may deliver lower cost 
energy, heat, water and sanitation services. 
The presentation reflects research that occurred under in cooperation with Aarhus University's Arctic Research Centre, Centre 
for Energy Technologies and the Nordic Centre of Excellence for Strategic Adaptation Research (NCoE NORD-STAR) 
(www.nord-star.info), and the Arctic Institute of North America's Sustainable Energy Development project 
(www.arctic.ucalgary.ca/research/sustainable_energy_development). 
  
 
Indigenous Participatory Engagement in Circum-Arctic Adaptation Through the Arctic Council and National Structures and 
Processes 
 Muir 
Arctic Institute of North America, CALGARY, Canada 
 
The Arctic is home to many Indigenous peoples and communities and is characterized by a continuum of unique governance 
structures that engage Indigenous peoples at circum-Arctic, national and local levels. All these Indigenous peoples and 
communities, and governance structures are addressing the greatest challenge in the Arctic, which is adapting to the rapid 
pace of climate , economic and social changes. This presentation describes indigenous participation in circum-Arctic 
adaptation, focusing on adaptation efforts at the Arctic Council and at national and sub-national structures and processes. 
Out of a total of 4 million inhabitants of the Arctic, approximately 500,000 are Indigenous peoples.The Arctic Council is unique 
in its inclusion of Permanent Participants on similar terms as Arctic Council member states. The Permanent Participants to the 
Arctic Council are the Arctic Athabaskan Council (AAC), the Aleut International Association (AIA), the Gwich'in Council 
International (GCI), the Inuit Circumpolar Council (ICC) , the Russian Association of Indigenous Peoples of the North (RAIPON), 
and the Saami Council (SC). 
Permanent Participants are Arctic organizations of Indigenous peoples with a majority of Arctic Indigenous constituency 
representing a single Indigenous people resident in more than one Arctic State; or more than one Arctic Indigenous people 
resident in a single Arctic State. The Permanent Participants are institutionally supported by the Indigenous Peoples 
Secretariat. 
Permanent Participants have full consultation rights in the Council's negotiations and decisions, and make valuable 
contributions to all its six working groups and all activities, including those that are pertinent for adaptation. This includes 
programs like the Circumpolar Biodiversity Monitoring Program, and initiatives such as the Adaptation Actions for a Changing 
Arctic. 
Indigenous peoples are also active in adaptation activities in national and sub-national process across the circum-Arctic 
countries. This participation occurs across a continuum from constitutionally protected rights and processes under modern 
treaties, to joint management processes and structures for environment, lands, water and resources, to traditional cultural and 
social activities, rights and knowledge. 
Indigenous adaptation activities at national and sub-national level in Canada, United States, Greenland, Scandinavia and Russia 
will be analyzed and contrasted, with a focus on renewable and non-renewable resource activities, subsistence uses, 
participatory engagement, governance, and inclusion of traditional knowledge. 
 
 
Adaptation to Climate Change for Military and Research Camps in the Arctic: New Bases - Old Challenges 
 Goodsite 
SDU ITI, NCoE NORD-STAR, ODENSE M, Denmark 
 
Anticipatory and planned adaptation in the Arctic to the changing climate must include an adjustment in human systems in the 
Arctic in response to actual or expected climatic warming, with the enhanced human activities and access to resources these 
changes will bring. The goal of the adaptation actions are to moderate harm, mitigate risk of the human activities to the 
environment and society, and to exploit beneficial opportunities. One of the anticipatory strategic actions observed, is an 
enhanced military and scientific presence. This additional activity requires establishment of installations to carry out the 
activities or renovation of existing installations to accommodate the increased operational demands: namely new Arctic 
Research Stations and Military Research Stations being built and/or being renovated. This provides a unique opportunity to 
utilize these stations for scientific diplomatic purposes. Building, and/or renovating an installation to be 'triple net zero', which 
is defined as the combination of net zero energy, plus net zero water and net zero waste, where under US installation doctrine: 
a net zero energy installation (NZEI) is an installation that produces as much energy on site as it uses, over the course of a year; 
A net zero water installation limits the consumption of freshwater resources and returns water back to the same watershed so 
not to deplete the groundwater and surface water resources of that region in quantity and quality over the course of a year; 
and a net zero waste installation is an installation that reduces, reuses, and recovers waste streams, converting them to 
resource values with zero landfill over the course of a year is an opportunity that should be explored. This talk will review the 
status of utilizing and/or planning stations from a PESTELS (Political, Economic, Societal, Technological, Environmental, Legal 
and Security) approach. The talk reports the results from the NATO 'Triple Net Zero' Advanced Research Workshop held in 



February, 2015, focusing on the opportunities and barriers identified for successful adaptation. Given that the climate is 
changing, and that these activities will be expanding, it is important to understand how to best utilize the activities and 
surrounding infrastructures for the benefit of society - not (just) for fulfilling strategic security and/or societal objectives. There 
may be new and 'improved' bases, but they face many of the same challenges that have existed for military and scientific 
installations in the Arctic and should critically examine past practices to improve the present and future. 
 
 
Potential Impact of Adapting Energy Supply System to Climate Change in Iceland 
 Davidsdottir
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Keywords: Adaptation, Climate Change, Energy Supply, Economic Benefits, Iceland 
Abstract 
Iceland benefits from a renewable-based energy system in which the entire domestic fuel supply chain originates from 
renewable sources. The availability and cost of some renewable resources, however, can be affected by climate change in the 
long-term. Assessing the potential impacts of such changes is essential for identifying adaptation measures and the long-term 
development of the energy system. The purpose of this study is therefore to quantify the economic value of adapting the 
energy supply sector to climate change and to identify the corresponding development paths and implementation of supply 
technologies. 
The integrated system-dynamics model of Iceland's energy system (UniSyD_IS) is employed to assess the impact of adaptation 
to exogenous climate change scenarios. UniSyD_IS is a partial equilibrium techno-economic bottom-up system-dynamics 
model with a high level of resource and technology specificity in which equilibrium interactions act across electricity, hydrogen, 
biogas, bioethanol and biodiesel markets. The model has the advantage of evaluating rational adaptation measures taking into 
account the interactions among energy supply, fuel infrastructure, energy market and demand sectors. 
 Four types of climate impacts on energy system are taken into consideration: 
(1) Renewable resource potential 
(2) Resource supply curves 
(3) Energy supply capacity 
(3) Final energy demand 
Hydro and biomass resources are considered in the climate impact assessment. The future costs of renewable resources are 
modeled using supply curves in which unit generation cost is expected to increase with cumulative installed capacities. Climate 
change can influence the final energy demand for various fuels indirectly through changes in production cost, fuel supply 
availability and energy prices. 
Comparison of two scenarios with and without climate impact on hydro and biomass resources reflects the direct and indirect 
economic effects of adaptation strategies. The findings show how capacity expansion, fuel supply, and energy prices respond 
to expected changes in hydro and biomass resource potential. Thus, the results provide insights for generation and energy 
supply investment planning. The expected climate change will reduce the generation cost and, thus, the market price of 
electricity and biofuels in Iceland. The results indicate that the adaptation of energy supply to climate change in Iceland seems 
to be profitable through the increased installed capacities for hydro, biodiesel and bioethanol plants.  

10.2 Adaptation to climate change in European mountains regions 

The contribution of the Alpine Convention to climate change adaptation in the Alpine Region 
 Chomat, Elmi 
Permanent Secretariat of the Alpine Convention, INNSBRUCK, Austria 
 
The presentation will describe the specific impacts of climate change on several sectors in the Alps and will illustrate the 
initiatives taken by the Alpine Convention concerning climate change in two main domains: policy development and 
implementation and awareness raising. 
The Alpine region is particularly affected by climate change: the average temperature increased higher than at global level 

(nearly +2�C from year 1880 in Austria, +0,85�C at global level according to the 2014 Austrian Assessment Report). Climate 
change concerns several alpine economic sectors, such as winter tourism and agriculture. The latter sector may also 
experience positive impacts: cultivable area in the Alps tends to increase and the Alpine region will be more adapt to the 
cultivation of wine. Climate change will affect the exposure of the Alpine area to natural hazards, with an increased frequency 
of extreme events like floods and new risks like forest fires. Climate change will impact also alpine biodiversity, i.a. with species 
moving upwards. Finally, energy and transport will play a crucial role impacting and being impacted by climate change. 
These alpine-wide challenges need joint responses by the Alpine countries. Therefore, the Alpine Convention, an international 
treaty between the 8 Alpine countries as well as the EU, has established adaptation and mitigation as a priority and has 
undertaken actions in two main domains: policy development and implementation and awareness raising. Regarding policy 
development and implementation, the Convention has adopted a declaration on Climate Change in 2006, further concretized 
in an Action Plan in 2009. The working groups and platforms of the Alpine Convention are working on the implementation of 
this Action Plan, this includes i.a. the PLANALP Working Group concerning natural risks, the Water working group and the 



platform on ecological connectivity. Moreover, the Alpine Convention has prepared a series of guidelines for climate 
adaptation at the local level in the Alps. Climate change as a transversal issue has been taken into account also when 
considering other sectors; for instance, the fourth Report of the State of the Alps on sustainable tourism has also a specific 
focus on climate change. Concerning awareness raising the Alpine Convention initiatives have included the involvement of the 
local level, presentations to the climate conferences and the organization of the 'We are Alps 2015' event for journalists on the 
topic of climate change. 
 
 
The Climate Adaptation Platform for the Alps: usable knowledge provision for decision makers in a transnational 
cooperation approach 
 Lexer 
Environment Agency Ausria, VIENNA, Austria 
 
The 'Climate Adaptation Platform for the Alps' (www.c3alps.eu/kip) is a main product delivered by the C3-Alps project. It is the 
only portal to cover the entire Alpine area and focuses on the specific knowledge needs of Alpine territories from transnational 
to local scale. Selection, processing, and organization of contents as well as design of the user interface and functionalities 
focus on key target groups of adaptation knowledge: public administration, municipalities, and the expert and consultancy 
community. All knowledge resources (studies, reports, tools, interactive resources etc.) have been selected, edited and quality-
checked by experts based on traceable relevance and usefulness criteria. Contents are comprehensive in scope and clearly 
organized, covering all adaptation sectors, relevant climate impacts, knowledge domains (from climate projections to 
adaptation in practice), and process stages of the adaptation cycle, with a particular focus on cross-cutting aspects. All 
knowledge items are intensively tagged with metadata to allow categorization and pinpoint search. The inventory hosts and 
gives immediate access to currently almost 400 original items in English and national Alpine languages (DE, FR, IT, Sl). Search 
results can be viewed and downloaded in varying detail, ranging from simple record lists to full multi-page metadata records. 
The platform offers two main entry paths: 1) The inventory search gives pinpoint access to an expert-edited directory per item, 
based on classified search criteria and supporting customized searches. Tiered search functionalities allow exploring the 
inventory with three search modes of different complexity and power, ranging from simple form-based search to powerful 
regular expression search for advanced users. 2) Pre-compiled collections of knowledge items with accessory expert 
commentaries give dossier-based access by adaptation themes (sectors, categories of knowledge products, 'hot topics' 
responding to specific cross-cutting adaptation challenges). Registered users can save and manage their favorite search runs 
and results, compile, edit and share their own customized thematic collections, and contribute their own items by entering 
them via an online editor. The platform is a flexible knowledge management and transfer tool that is dynamic, extendable and 
further customizable. Full compliance with OGC, ISO and INSPIRE standards warrants interoperability with other web portals. 
The talk will present the new Alpine adaptation portal, introduce distinguishing key features and functionalities, demonstrate 
user benefits, highlight the added values and synergies within the existing landscape of adaptation platforms, and present the 
maintenance concept and a strategic vision for valorizing its potentials to support adaption in the Alps. 
 
 
High-alpine infrastructures - towards a climate-sensitive risk management, an example from the Kitzsteinhorn, Hohe 
Tauern, Austria. 
 Keuschnig, Hartmeyer, Hama 
alpS - Centre for Climate Change Adaptation, INNSBRUCK, Austria 
 
Instability of rock faces in high mountain areas is an important risk factor for local population, tourism and infrastructure, 
particularly within the context of climate change and recent warming. During hot periods a large number of rock fall events 
were triggered from steep bedrock areas affected by permafrost without preceding precipitation or earthquakes. Permafrost 
degradation critically affects stability in high-mountain rock slope systems and has a direct influence on the probability of 
related natural hazards. Based on a systemic long-term monitoring of permafrost conditions and related mass movements, an 
adaptation strategy is crucial to assess safety and reliability of critical mountain infrastructure within the next decade. 
To reduce the scientific gap between laboratory evidences and field observations, an open air laboratory for long-term 
monitoring of permafrost/rockfall interaction was established in the summit region of the Kitzsteinhorn (3.203 m) recently. 
The systemic approach includes atmospheric, surface and subsurface monitoring using a combination of automated weather 
stations, terrestrial and airborne laser scanning, temperature measurements in shallow and deep boreholes, geophysical and 
geotechnical investigations. Short and medium term responses of the ground thermal regime and their influence on slope 
stability were investigated with respect to climate change. To meet the requirements of a complete adaptation from 
monitoring to measure setting, the presented study will focus on risk management as key tool for climate change adaptation. 
The overall aim is to establish a dynamic, integrated risk management system on an individual operational unit (e.g. company), 
which is able to manage spatially and temporally changing environmental conditions. 
 
 
Carpathian integrated assessment of vulnerability to climate change and adaptation measures 
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The Carpathian region is a mountainous areas of outstanding natural beauty. The CARPIVIA, CarpathCC and CARPATCLIM 
projects assessed the vulnerability of the Carpathian region to climate change in combination with other anthropogenic 
pressures. This paper will summarise the conclusions of the research. 
The paper will discuss vulnerability and adaptation options for Water resources, Forests and Forestry, Wetlands, Grasslands, 
Agriculture and Tourism. 
The paper will close with the main elements of a strategic agenda on adaptation that will be discussed at the Fourth Meeting 
of the Conference of the Parties (COP4) to the Carpathian Convention. This agenda underlines that at regional level, linking 
different policies of nature conservation, river basin management and sustainable farming, could significantly strengthen the 
Carpathian region and its resilience to climate change impacts. Regional cooperation platforms, like the Carpathian Convention 
and S4C, could be a critical vehicle to mainstream this in different countries. Countries in the Carpathian region can increase 
their resilience and tap into European resources by mapping out a path towards a climate-proof future, which draws upon, and 
conserves, the unique natural and cultural values of the Carpathian region. The added value of increased transnational 
cooperation and joint activities is especially strong when planning for climate change adaptation, as much of the predicted 
impacts of climate change relate to seasonal and geographical shifts. This is true for species and communities (forests, tree-
lines, northern limits) as well as for socio-economic aspects (tourist arrivals, tourism seasons). Financial resources are limited. 
A key action is to create flexible and equitable financial instruments that facilitate benefit - and burden-sharing, and that 
support a diverse set of potentially better-adapted new activities rather than compensate for climate impacts on existing 
activities. To succeed, new partnerships between government, civil society, the research and education institutions, the private 
sector and international organisations will be key. Essential components of such partnerships will be capacity building and 
information sharing, climate-proofing of infrastructure and investments, climate-cross compliance, and design of eco-system 
based adaptation measures to make biodiversity management more dynamic. 
 
 
Adaptation to climate change at the Carpathian Convention 
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The common vision of the Parties to the Carpathian Convention is to pursue comprehensive policy and cooperation in order to 
guarantee protection and sustainable development of the Carpathians. Therefore, adaptation t9o climate change is a key issue 
of the Convention. 
Alterra suggested establishing a Working Group on Climate Change on the COP3. This idea was welcomed, and the WG kick-off 
was organized together with the project 'Carpathian integrated assessment of vulnerability to climate change and ecosystem-
based adaptation measures'. The first period of the WG was supported by CARPIVIA (2 meetings) and CarpatClim (1 meeting) 
projects. Main aim of this period was develop and accept the Strategic Agenda on Adaptation to Climate Change in the 
Carpathian Region. 
COP4 of the Convention accepted the results of the WG and suggested to continue its work in the next period. This work will 
be based on the Strategic Agenda and has two main directions: first, the adaptation work in the region should be better co-
ordinated, the information transfer and harmonisation should be improved. In the same time, the international cooperations 
have to be strengthening, especially with the European mountainous regions, the neighbouring Alpines and the Pyrenees. 
Carpathians are situated in an important geographical situation: they are in the centre of the Danube region, and they connect 
the Western. and Central-European regions with South-eastern-Europe. It has special importance not only in the nature 
(corridors for plants and animal migrations became substantial by climate change), but for human activities as well (transit 
roads, main migration tracks). Therefore, the possibility given by the Parties of the Carpathian Convention and supported by 
the Secretariat by establishing the WG on the Adaptation to Climate Change gives benefits not only for the region, but Europe 
as a whole, improving the international collaboration among the mountainous regions. 
 
 
New tools to explore sustainable water management adaptation strategies in mountain areas and to bridge the gap 
between scientific knowledge and its uptake by the public. 
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A large part of the French Alps economy is based on tourism. Due to climate change, the quantity of natural water resources 
will evolve in time inducing changes in water management. Meanwhile, socio-economic development influences also the 
water resources available for different uses. There are clearly two factors influencing water availability: natural water 
resources quantity and human consumption of water. Evolution of these factors induces high changes in water availability. In 
previous years, part of the French Alps has already experienced short periods of water shortages during touristic periods which 
shows the high sensitivity of this territory to changes regarding water availability. 
Climate change adaptation is necessary in the Alps in order to forecast how climate change will impact on the natural water 
resources availability and to promote sustainable water management through good development plans to avoid water 
shortages. 



To promote anticipation and sustainable development regarding water management and climatic changes, a decision support 
tool in the form of a model coupling hydrological and socio-economic characteristics was built. During the C3-Alps Alpine Space 

project, we applied this innovative hydrological model to the Meg�ve ski resort station (France). The model is able to use 
climatic scenarios to forecast climate change impacts on water resources in the watershed. Regarding adaptation strategy 
design, the tool can forecast impacts of socio-economic decisions. Results show that the current French Alps economical model 
is highly in danger and adaptation options must be taken now. The model can be coupled with GIS and used as a powerful tool 
to contribute to the development of effective adaptation plans, customized and quantified for Alpine municipalities. 
At the same time, the difficult question of climate change communication was addressed. To bridge the gap between scientific 
knowledge and its uptake by the public we develop a board game and a Serious-Game picking up the hypotheses of the model 
developed during the C3-Alps project. The both games developed to better explain the issues of water management in the 
context of climate change and how to implement adaptation on the ground aroused huge interest of different targets groups 
(citizens, scientists, decision-makers, politicians etc.). This experience shows that through games many ideas can be changed 
and reflection stimulated. The ability to propose simple and understandable interfaces to highly complex research models was 
understood by people as a great way to transfer updated knowledge on climate change adaptation issues to professional and 
nonprofessional publics. 
 
 
Climate change adaptation through efficient agricultural production and optimized renewable fuel production and use in 
Alpine regions - The Project 'EF-Agri' 
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The capacity of Alpine agriculture to adapt to changing climatic conditions - and its economic and environmental resilience in 
general - depend on a variety of factors. These include an efficient use of fuels and other agricultural input materials such as 
fertilizer and pesticides, as well as the use of renewable local energy resources. 
The project 'EF Agri' is designed to promote resource efficiency and renewable energy use in Austrian Alpine agriculture from a 
technology perspective. The project has two main objectives. The first objective is to identify energy- and resource-efficient 
adaptive cultivation technologies and to quantify their efficiency and their environmental impacts. The second objective is to 
increase the resilience of agricultural energy infrastructure by optimizing biogas production and use from local resources. 
In a preparatory step, expected climate change trends and effects were reviewed for Austria's Alpine regions, and study sites 
for grassland cultivation and cropland cultivation were selected. Following the first objective, efficient cultivation technologies 
(e.g. low-till/no-till cultivation, strip-tillage, and precision farming technologies such as variable rate treatment and 
autonomous guidance systems for tractors) are selected. At the study sites, typical production process chains are modeled to 
establish baseline scenarios. The selected efficient technologies will then be tested on-site to quantify their energy efficiency 
and their environmental impacts relative to the baseline scenarios. A comprehensive life-cycle assessment approach will be 
used for this evaluation. In a final step, additional technology options will be screened for their potential to increase the 
adaptive capacities of agriculture in Austria, with an emphasis on their effects on fossil fuel consumption and other 
environmental impacts. 
The project's second main objective is to optimize biogas production and use in Austrian Alpine regions. Both agricultural 
residues and industrial organic wastes will be studied as substrates. The biodegradability of these organic materials - and thus 
their potential biogas yield - will be increased through steam explosion pretreatment. A key feature will be the addition of 
glycerol, oil and fat to typical substrate mixtures. The biodegradability of pre-treated substrate mixtures will be analyzed and 
optimized in the laboratory. The final step of the second main objective will be an analysis of advanced biogas utilization 
concepts, such as the liquefaction of biogas or peak load power production in cluster biogas plants. 
The presentation will conclude with a brief discussion of selected first results and of subsequent project steps. 

10.3 Adaptation without Borders? How policy and practice can address the indirect 
impacts of climate change 

Adaptation beyond the firm: the role of networks in business environments 
 Canevari 
Kings College London / Acclimatise, OXFORD, United Kingdom 
 
The current study investigates how network dynamics influence the ability of businesses to adapt to a changing climate. In this 
presentation we argue that the adaptive capacity of a business is partly determined by the resilience that characterises its 
business environment. In other words, the adaptive space of a firm (i.e. the bundle of options available to adapt and deal with 
risks) depends partly on the business dynamics where the business operates: on what entities and what interactions are 
occurring in that environment and how the business functions within it. With the use of a case study illustrating the 
interdependencies between entities operating along an agro-industrial supply chain, this presentation aims to incentivise a 
debate over the limits of individual firm adaptation and to encourage the development of network-oriented measures to 
support business climate resilience. 
 
 



International dimensions of climate change impacts: implications for Finland 
 Carter 
Finnish Environment Institute (SYKE), HELSINKI, Finland 
 
Future climate change is expected to have impacts on natural and human systems worldwide, with many regional impacts 
interconnected via different pathways or chains of events. The globalised nature of contemporary society makes it increasingly 
important to consider impacts of climate change beyond a purely national context. This presentation reviews the potential 
indirect impacts of climate change on Finland (i.e. impacts that occur outside Finland's borders but that may nevertheless 
affect Finland). Indirect impacts have been analysed according to: (i) different pathways through which they may reach 
Finland, and (ii) potential effects on specific sectors relevant to the Finnish economy, environment and society. 
Six pathways are identified through which indirect impacts may affect Finland: (1) trade - through impacts that might lead to 
changes in commodity flows, and price or supply volatility affecting Finnish imports and exports; (2) infrastructure - via impacts 
on transport and communications links between Finland and the rest of the world, (3) financial - involving impacts on the 
global financial market or on financial flows to and from Finland such as investments, remittances or insurance; (4) human 
mobility - relating to impacts on migration flows or patterns of tourism affecting Finland; (5) biophysical - describing impacts on 
natural systems with cross-border implications for Finland, such as trans-boundary air and water pollution or species 
migration; and (6) geopolitical - referring to impacts with consequences for Finnish international cooperation in peacekeeping, 
crisis management, resource access, defence or humanitarian assistance, or in regional or international climate policies. 
Ten sectors of economic and social relevance to Finland are identified as having both international connections and a potential 
sensitivity to climate change impacts: primary and manufacturing industries, energy, transport, business and finance, tourism, 
population, human health, biodiversity, foreign policy, and development co-operation (focusing on partner countries Ethiopia, 
Kenya, Mozambique, Tanzania, Zambia, Nepal and Vietnam). Using the evidence reviewed, a tentative evaluation of the 
relative sensitivity of different sectors to indirect impacts of climate change is presented for each pathway. We conclude that 
for sectors such as energy, tourism and the forest industry, the implications for Finland of indirect impacts of climate change 
appear to be equally if not more important than those resulting from direct impacts on Finland. As such, they merit enhanced 
consideration in national adaptation planning as well as in international co-operation to develop climate change governance 
for managing the indirect risks and opportunities of climate change. 
 
 
Short films: Global food markets and climate change - reducing vulnerability to rice price shocks in Senegal 
 Benzie, John 
Stockholm Environment Institute, STOCKHOLM, Sweden 
 
We will show two short films. 
Film #1: The Politics of Global Rice Markets (run time approx. 3:30) 
In this film, rice market expert Adam John discusses global rice markets and price volatility in the context of a changing climate. 
He describes what it is about rice markets that makes them so volatile and explains why this makes countries like Senegal, 
which imports the vast majority of its rice, so vulnerable to climate change effects on rice production in other countries - and 
the policy response of governments in major rice exporting and importing countries abroad. Adam also reflects on the scope 
for Senegal to reduce this vulnerability by reducing its import dependence. 
Film #2: Adaptation without Borders in Senegal (run time approx. 8:30) 
Rice is the main staple food in Senegal, which currently imports around 70% of what is consumed, despite high potential to 
increase domestic production. The country has re-committed and intensified ambitious plans to become self-sufficient in rice 
by 2017. SEI Researchers Adam John and Magnus Benzie travel through Senegal in this film to explore how the country is 
planning to achieve food security in the face of climate change impacts both at home and abroad. 
The films will be followed by a short Q&A on the issues raised by the films. 
 
 
Introducing a pathway-based conceptual framework to identify the indirect impacts of climate change 
 Benzie 
Stockholm Environment Institute, STOCKHOLM, Sweden 
 
The world is connected as never before. What happens in one country can have significant impacts on the lives and economy 
of people thousands of miles away. Any strategic assessment of future change therefore needs to begin by recognising the 
level of interconnectedness between all places. This is as true for climate change as it is for economic policy or security and 
defence planning. 
We argue that assessments of climate change impacts need to take account of global interdependencies. Strategies to adapt to 
climate change must consider the international dimension of climate risk and identify specific ways in which decision makers - 
and the systems which they represent - will be impacted by climate change in other countries. 
However, currently the international dimension of climate risk is rarely considered in most countries' climate impacts and 
adaptation assessments and there is currently no framework to assist adaptation decision makers to identify such impacts. 
We therefore introduce a conceptual framework that can be used to identify these indirect impacts of climate change. By this 
we mean impacts that are observed or expected in one place, but brought about by climate change or extreme events 
somewhere else. We identify four international climate risk pathways, via which climate risks are transmitted across borders: 
bio-physical (e.g. transboundary rivers or ecosystems), trade (e.g. supply chains and global markets), people (e.g. migration or 



transboundary human health impacts) and finance (e.g. public and private foreign investments, remittances), as well as 
climate-related changes to the global context (e.g. security implications, general conditions of stability and governance). 
By considering the range of indirect impacts that they will face via each of these pathways, countries will be better placed to 
develop effective and robust climate-compatible development strategies. A consideration of indirect impacts also opens up 
opportunities for regional and international collaboration to address shared climate risks. 
Indirect impacts highlight the level of interdependence between countries - in adaptation as in all other aspects of economic, 
political and social life in the twenty first century. This realisation challenges us to rethink adaptation in a globalised world. It 
also serves as a reminder of why it is in all countries' interest to ensure successful adaptation in other countries and to build 
global, systemic resilience to climate change.  
 
 
Practitioner panel discussion - how to make use of information on indirect climate change impacts 
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Reflecting on the issues raised in earlier research presentations, a panel of practitioners from government, business and 
related stakeholder organisations will discuss how decisions can make use of research and information on the international 
dimension of climate risk. 
Some early mover countries have begun to commission studies and assessments of the international threats and opportunities 
(e.g. UK, Finland, the Netherlands, Sweden). Nevertheless, the inclusion of this information into national plans, and the 

distribution of �ownership' for international risks remain unclear; progress is slow. 
The European Union (EU) could play a key role in orchestrating governance responses to indirect impacts. There is scope for 

trans-boundary impacts within the EU, as well as strategic challenges relating to �external' impacts beyond the EU's border - 
in its immediate neighbourhood, but also further afield. These underline the potential importance of accounting for the 
international dimension of climate risk and adaptation in EU policy making. 
Meanwhile, far from the view of most adaptation researchers or policy makers, multinational companies, who routinely deal 
with trans-boundary risks in supply chain management and logistics, are beginning to incorporate climate risk information in 
their operations. This raises new challenges and opportunities for supply chain or network governance, especially by leading 
corporations. 
We will invite representatives from the EU, national governments, boundary partners and business to share their experiences 
with these issues and to reflect on the points raised by the research presentations earlier in the session. We will also invite 
panelists to define future research priorities before opening up for a discussion with session participants. 
The panel chairperson will give a closing statement reflecting on the implications of the panel discussion - and the session as a 
whole - in terms of global governance. 
The practitioner panel is proposed to last for a full 40 minutes (i.e. double the length of a normal research presentation). 
 
 
Research panel discussion - how to provide (better) information about indirect climate change impacts 
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The issue of indirect climate change impacts is a relatively new, emerging field of climate change research. Nevertheless, 

existing tools and approaches can be - and in some cases have been - used to identify and assess �indirect impacts'. 
Four to five experts from a range of relevant fields will be invited to discuss the state of the art in both quantitative and 
qualitative approaches to assessing indirect impacts, covering the following fields: 
Global economic modelling and integrated assessment modelling 
Production-to-consumption trade modelling/ teleconnections modelling 
Multi-regional input-out modelling 
Qualitative and semi-quantitative pathways-based risk assessment 
Explorative scenario-based methods 
Each panelist will give a 2-4 minute introduction or example from their field highlighting what the approach can and cannot 
highlight, and how it might be used to inform adaptation nationally or internationally. The panel discussion will consider the 
implications for future European and national inter-disciplinary research. 
The research panel is proposed to last for a full 40 minutes (i.e. double the length of a normal research presentation). 
 
 
Trade as a climate risk pathway - trade models, food security and portfolio theory 
 Benzie, John, Hedlund, Carlsen 
Stockholm Environment Institute, STOCKHOLM, Sweden 
 
Trade can help to spread risks, by diversifying supplies and by offering flexibility, for example when climate shocks limit the 
supply of resources such as agricultural produce. But trade also acts as a pathway via which risks are transmitted. This includes 



the transmission of climate risk from particularly vulnerable countries in the developing world to rich countries that otherwise 
tend to see themselves as low risk. But it also implies risks between neighbouring countries and trade partners at all stages of 
development. The system of global free trade itself may be vulnerable to climate impacts, as indicated by a recent upswing in 
the use of export restrictions by governments in countries affected by climate-driven shocks, and by global food price spikes. 
The trade dimension is, however, conspicuously absent from the vast majority of current climate change adaptation strategies. 
We will focus our presentation on a review of the strengths and weaknesses of existing trade models for exploring these 
issues, with an emphasis on coupled climate change and general equilibrium models, focussing our analysis on trade-related 
risks and opportunities in the agri-food sector. A case study on global rice trade, drawing particularly on the 2008 rice price 
crisis, will highlight the gaps and inconsistencies of using trade models to understand trade related climate risks in reality. 
Using the example of Senegal, we will examine the proposed policy response to increased global market volatility, namely the 
policy of accelerated self-sufficiency in rice. Given a framing of future climate risk, alternative policy suggestions will be 
explored to highlight the benefits of portfolio-based approach to food security policy in a changing climate. 
 
 
A Global Index of Exposure to the Indirect Impacts of Climate Change 
 Benzie, Hedlund 
Stockholm Environment Institute, STOCKHOLM, Sweden 
 
Given the extent of global interconnectedness, countries might be exposed to climate impacts that are the result of climate 

change in other countries: the �indirect impacts' of climate change (Benzie & Wallgren, 2013). There are various �climate 
risk pathways' that may transmit climate impacts across national boundaries, including the bio-physical, trade, people and 
finance pathways (Benzie, 2014). It is therefore relevant to research countries' exposure to indirect impacts via these 
pathways. 
The Stockholm Environment Institute has developed a pilot AwB Global Index of exposure to the indirect impacts of climate 
change, based on countries' current risk profiles. The Index aims to investigate the overall global spatial pattern of exposure in 
order to provoke debate about the true nature of vulnerability to climate change. Are current indices and maps of global 
vulnerability misleading? Does the consideration of indirect impacts change our understanding of who is vulnerable, and to 
what? 
The AwB Index is the first attempt to apply SEI's risk pathway-based framework of indirect impacts at the global scale. It is 
crude and exploratory in nature, but offers a unique view of exposure to climate impacts in a globalized world. A total of 9 
indicators, from an initial set of 13, most of which are based on existing datasets, make up the index, selected using a theory-
based method, given data constraints. Three of the indicators were developed specifically for the AwB Index, combining 
country-specific information on climate risk (e.g. existing climate vulnerability or water stress) with secondary bilateral data on 
international flows (e.g. of migration, FDI or embedded water). 
Early results show that countries can have very different risk profiles, depending on characteristics such as geographic location, 
levels of development, trade profiles and integration in the global economy. Many high income countries are significantly 
more exposed to indirect rather than direct impacts. Some emerging economies are also highly exposed, given their trade-
dependence and proximity to highly vulnerable countries, which increases exposure to some trans-boundary impacts. An 

important finding is the �double-whammy' of high exposure to direct and indirect impacts in certain low income developing 
countries, including, notably, small islands developing states and many sub-Saharan and Middle Eastern countries. 
The findings raise important questions about current assessments of vulnerability to climate change and existing adaptation 
priorities. One clear implication of the AwB Index is the need to incorporate the international dimensions of climate risk in 
national adaptation plans. 
 
 
Indirect effects in Sweden of climate change in third countries, and the need to include awareness of and preparedness in 
climate adaptation policy 
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The Swedish Government commissioned the Swedish Meteorological and Hydrological Institute to follow up and analyse 
climate adaptation work in Sweden that has taken place since 2007, when a major assessment of vulnerability to climate 
change was carried out. In spite of the foreseen substantial impacts these indirect effects might have, the knowledge of how 
Sweden is, or will be, affected is very low. This work does therefore include two studies that address indirect effects. 
 The first study compiled a knowledge base and made an assessment of what aspects of climate change in third countries that 
are importance to consider in Swedish climate adaptation policies. Areas in focus included, foreign-, security-, defense- and 
development politics, migration, agriculture and forestry, transport and energy, trade, commerce and business. For each area, 
possible impacts and policy actions were suggested.  
 The second study analyzed how Swedish companies with long production chains and those with important markets abroad 
are affected by climate change impacts in third countries. Issues in focus were opportunities and challenges, and need for 
government policies addressing these challenges. Results indicate that most large companies operating in a global market 
already have systems for risk assessment and management in place, but that climate-related risks are not always explicitly 
included. For smaller companies, access to simple tools and easily accessible information would assist to identify and manage 



climate-related risks and to grasp opportunities. A proposal originating from the workshop was to develop a module for 
climate adaptation that can be linked to existing risk management tools and making information on climate risks at the country 
level available to smaller companies. 
 Both these two studies, as well as input from other workshops during the implementation of the governmental mission have 
contributed to the final report, delivered to the Swedish government February 27

th 
 2015, where a number of suggestions of 

how to include indirect impacts from climate change impact outside Sweden in policy work are provided. In this paper we 
present these findings that for instance include a discrepancy between rhetoric's and actual implementation as well as a need 
to integrate climate adaptation work with risk management tools. 
 
 
Regional assessment of indirect climate change - case study in county of Gävleborg, Sweden 
 Carstens, Von Sydow 
County Administrative Board Gävleborg, GÄVLE, Sweden 
 
Responsibility for climate adaptation in Sweden is divided between several sectorial governmental authorities and the 21 
county boards. To date, much of the work has been focussed on knowledge transfer, regionalisation of climate data and 
awareness raising. In terms of practical climate adaptation, much is supposed to be implemented at municipal level. Emphasis 
has been on effects in the physical environment, such as floods risk management, protection against landslides, etc. 
Adaptation efforts have usually been connected to issues close to everyday activities at both authorities and municipalities. 
Indirect impacts of climate change are the result of global, inter-related processes on national or sub-national level. Typically, 
cause and effect relations are vague and diffuse, making it difficult for stakeholders to both identify and react on threats and 
opportunities. Furthermore, many of the processes are different from problems and questions stakeholders at municipal or 
regional level commonly deal with. 

A pre-study, performed at the county administrative board of G�vleborg, tries to investigate and highlight some of the main 

indirect impacts and their possible effects on the county. The county of G�vleborg consists of 10 municipalities, generally with 
small small and ageing populations. The county is affected by urbanisation and other structural transitions, i.e. from small-scale 
industry to knowledge-intense industries, exacerbating the difficulties to handle both direct and indirect effects of climate 
change. The pre-study consists of a literature review, that describes global and some of the connected regional vulnerabilities. 
Mainly, the study concludes in a number of open questions, addressing the difficulty of current adaptation organisation in 
Sweden to both identify indirect effects and to adequately work pro-actively with adaptation efforts. As is also the case in 
assessment of direct effects, knowledge gaps and insufficiently localised data are considered to constrain the possibility for 
local stakeholders to cope with present and future threats from global change. 

10.4 Adaptation policies and measures in the Mediterranean region 

Costs and benefits of incremental water pricing in agriculture. Lessons from the Regione Emilia Romagna in Italy 
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The EU actively encourages water pricing to better manage water stressed ecosystems. This paper explores the role that can 
be played by incremental water pricing to recover extraordinary environmental costs that arise during drought events. The 
paper uses standard economic analysis to reveal a multi-attribute utility function that provides a clear intuition of the logic 
behind farmers' choices. The model is calibrated for the Agricultural Districts (ADs) in the Regione Emilia Romagna in Italy. 
Results show the price elasticity of water use, employment and Gross Variable Margin in agriculture, thus providing a basis for 
the assessment of tradeoffs in water saving/conservation.  
 
 
How the multi-sector partnerships can contribute to enhance territory resilience to wildfires in Portugal 
 Colaço, Prof. Rego 
Inst. Agronomy / CEABN-InBio, LISBON, Portugal 
 
Wildfires are one of the biggest threats to the Portuguese rural areas. Since 2001, more than 1,8 million ha burned with an 
average of 130.000 ha per year. 2003 was the worst year ever recorded, where more than 425.000 hectares burned, 
corresponding to 5% of the Portuguese mainland. In the Mediterranean areas where Portugal is included, wildfires are one of 
the risks that will increase in frequency and intensity with the climate changes. 
The European project ENHANCE aims at developing and analyzing new ways to enhance society's resilience to catastrophic 
natural hazard impacts. For this, the project has been analyzing multi-sector partnerships (MSPs) that aim at reduce or 
redistribute risk, and increase resilience. For the project, an MSP is understood as a voluntary but enforceable commitments 
between partners from different sectors (public authorities, private services/enterprise and civil society), which can be 
temporary or long-lasting. They are founded on sharing the same goal in order to gain mutual benefit, reduce risk and increase 
resilience. 

The multisectoral partnerships analyzed are two municipal committees of forest fire defense in the district of Santar�m. This 
type of commissions is a response to the big wildfires of 2003 and 2005 with the objective of coordinating all means of action 



involved in forest fire prevention with regard to education activities, fire prevention, surveillance, detection, surveillance, first 
intervention, firefighting, aftermath and monitoring forest fires. 
These committees are responsible for approving the municipal plans for forest fire defense, which, through its 
implementation, seeks to create greater resilience of the territory. Members representing commissions are representatives of 
various entities, both public and private, working in the municipal or inter-municipal territory. 
In order to assess the healthiness of these partnerships and their preparedness for the challenges ahead, we used the capital 
approach (social, political, human, financial and environmental) within the framework of governance and risk management. 
The methodology used was individual interviews with some stakeholders involved in committees and focus groups with the 
participation of members of the various committees. 
The results show that in the two commissions analyzed the five capitals are present. However in both of them, there is a deficit 
in terms of financial capital and environmental capital. 
 
 
Climate change impact on wheat in the Mediterranean Region 
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Italy is the second most important producer of wheat among the countries in the Mediterranean (after the France), with a 
cultivated agricultural area equal to 1,732,580 ha and a production equal to 6,6356,866 tons (source: ISTAT, 2011). The two 
most important Italian wheat production areas are the Emilia Romagna and the Apulia regions. These regions cover approx. 
the 27% of the Italian wheat cultivated surface, and approx. the 29% of the Italian wheat production (source: ISTAT, 2011). 
Farms located in northern regions produce prevalently soft wheat, while those in the South are addicted traditionally on the 
production of durum wheat. This article reports the results of a micro-econometric analysis devoted to assess the climate 
change impacts on the wheat cultivation in Italy, focussing on the Emilia Romagna and the Apulia wheat growing areas. The 
model is based on data from the Italian Farm Accountancy Data Network (FADN). FADN data contain farm's physical and 
structural characteristics (location, crop areas, livestock density index, labour force, etc.), and economic and financial data 
(value of crop production, stocks, sales and purchases, production costs, assets, liabilities, production quotas and subsidies 
etc.). The analysis focuses on the period 2001-2007. Simulations consider two future periods in the medium term (from 2021 
to 2050) and long term (from 2041 to 2070). In each future period the exemplification of a possible range of future conditions 
was allowed by considering climate and impacts under RCP4.5 and RCP8.5 emission scenarios, building on updated and high 
resolution climate projections. The model projects relevant effects in both the areas and evidences the factors that should to 
be targeted at farm level to try to mitigate losses. The results suggest that adaptation policies should to target cereal sector, 
especially in the wheat-growing areas that seems to be most vulnerable to the effects of climate change. 
 
 
Adaptation Strategic Planning toward a NAS in Italy 
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Planning, designing and building a National Adaptation Strategy (NAS) is quite an effort for a Country. Italy started its process 
in 2012 and concluded in 2014. The main drivers have been: increasing concern from national institutions about the climate 
change impacts in some relevant (agriculture, water resources and urban settlements); emerging scientific knowledge from 
international (IPCC, EEA, EU projects) and national initiatives; and the European platform Climate-Adapt. In February 2012 the 
Italian Ministry for Environment, Land and Sea (IMELS) organized a preliminary meeting involving key national institutions 
contributing to CCIVA research. Then in July 2012 IMELS gave CMCC (Euro-Mediterranean Center on Climate Change) the 
leadership of a national project aimed to collect and assess the scientific-technical knowledge needed for a Italian NAS by July 
2014. The release in 2013 of the European Adaptation Strategy and in particular of the EU Guidelines on developing adaptation 
strategies were key for the development of this NAS, which tried to be aligned to the Adaptation Support Tool of Climate-
Adapt and to the EU Guidelines. The work has been organized through top-down by establishing a scientific-technical table 
involving about 100 experts from the national scientific community and an institutional table including ministries, civil 
protection agency, regions and municipalities; and bottom-up by establishing a solid participatory approach with national, 
regional and local public and private stakeholders (on-line questionnaire, on-line review of documents and consultation 
meetings). The NAS has applied a multi-sectorial approach built on 12 macrosectors spanning from water resources and 
biodiversity/ecosystems to urban settlements and critical infrastructures and in addition including two nationally relevant 
areas such as the mountain areas (Alps and Apennines) and the Po river basin. Furthermore, focus has been given to specific 
cross-sectoral issues: 1) observation/monitoring systems needed for adaptation; 2) research needs for adaptation; 3) synergy 
between adaptation, mitigation and sustainable development; 4) disaster risk reduction and adaptation; 5) uncertainties and 
decisional processes of adaptation; 6) transnational adaptation; 7) communication, information to stakeholders. At the end 
this work produced three documents which have been the base for the NAS: 1) a national Vulnerability Assessment; 2) an 
analysis of EU Acquis communautaire relevant for CCIVA and its implementation in Italy; 3) a strategic document. These 
documents allowed the IMELS to elaborate the NAS, which received approval from the Unified State-Regions Committee in 
October 2014. 



 
 
Climate variability and change in the Emilia Romagna Region - Regional Climate atlas 
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Southern European countries, Italy in particular, are highly vulnerable to droughts. The Po valley, major part of which is 
comprised in the Po River Basin District (PRBD), is Italy's largest contiguous agricultural land. The PRBD accounts for nearly 21 
per cent of the total agricultural area (TAA); 21.5 utilized agricultural area (UAA); almost entire national production of rice and 
about or more than a half of the national production of soft wheat, rye, maize, sorghum, and other cereals; and almost 30 per 
cent of the agricultural value added. During the spring and the summer of 2003, a severe and persistent drought afflicted 
Southern Europe, including the PRBD. The Po river reached its absolute minimum at the closing section in Pontelagoscuro: -
6.99 m or 270 m3/s compared to an average of 1400 m3/s. In 2006 and 2007, the Northern Italy experienced another anomaly 
in terms of precipitation. Scarce precipitation led to rainfall deficit of 200 mm by the end of 2006 and 30 per cent by April 
2007. In 2007 rivers discharges were lower than in 2003, marking a decline of one fourth compared to historical minimum 
values. Since 2003, the state of (national) emergency (SoE) under the law 224/1992 has been declared three times (2003, 
2006, 2007) for a total duration of 21 months. The presentation will shed light on the recent past (observed) and future 
(projected) climate variability and change in the lower part of the PRBD, the Emilia Romagna Region (RER). 
 
 
Adaptation in the water sector in Hungary 
 Szalai 
Szent Istvan University, GODOLLO, Hungary 
 
Hungary is situated in the Carpathian Basin. Its precipitation climatology shows large temporal and spatial variability what 
makes the detection of the changes as a hard task. Furthermore, climate change projections give different results even in the 
tendencies of the changes. The observed tendencies do not fit with the model results at each parameter. All these facts make 
the adaptation strategies very important but difficult to develop. 
 Hungary has not an individual Adaptation strategy, it is part of the National Climate Change Strategy (NCCS). NCCS was 
developed in 2008, contains three chapters, one of them is the adaptation. National Drought Strategy has been developed 
also, but not accepted by the government. Recently, the NDS, the National Water Management Strategy have been merged 
into the National Water Strategy. 
According to the climate change, both drought and flood events have became more frequent. Drought and river flood can 
happen in the same place and in the same year. 35 % of the territory of the country is especially vulnerable (22% of the 
population), but more than 50 % of the area endangered by excess water and/or floods. 35-40 % of the area could be flooded 
by river floods. Flash floods occur frequently, as well. 
This requires special adaptation measures and strengthened international cooperation. The country is very vulnerable, about 
95% of the surface water comes from abroad, and only 5% has domestic origin. Most of the watersheds are international in 
the region, therefore their investigation needs international database. This problem was at least partially solved by the 
establishment of the CarpatClim database, which is a gridded freely available daily temporal resolution of the Larger 
Carpathian Region. This database serves as a good basis for the international drought studies, because of the used unified data 
management methods. 
National measures are not satisfactory, international cooperation could give better results in the adaptation actions. 

 

10.5 Adapting the Baltic Sea region to a changing climate 

A climate adaptation strategy for the Baltic Sea region - Baltic Session 
 Nachtigall 
Council of the Baltic Sea States, CBSS Baltic 21, STOCKHOLM, Sweden 
 
Awareness and preparedness to climate change differ across the Baltic Sea region. Macro-regional cooperation, i.e. within the 
framework of the EU strategy for the Baltic Sea region allows for coherent policy development on climate change and 
adaptation beyond national borders. 
It can only be successful if policy development is designed as an integrated cross-sectoral multilevel governance process where 
member states show political will and a proactive cooperation approach. 
Climate change requires mainstreaming across sectors and policies as well as coherent cooperation across all levels of 
governance. Pan-Baltic organizations have to play a critical role in this respect, too. 
Both the EU Strategy on Adaptation to Climate Change and its Council Conclusions emphasize the importance and value added 
of cooperation, knowledge and good practice exchange between member states, regions, cities and other stakeholders. The 
EU Strategy for the Baltic Sea Region, called for a macro-regional CCA strategy. As horizontal issue, climate change (adaptation 
and mitigation) is dealt with under the EUSBSR HA Sustainable Development. CBSS-Baltic 21 as leader of this action has taken a 



central role to ensure coherent joint policy development and capacity building in this field across the whole Baltic Sea Region, 
including non-EU member states. 
The EU financed CBSS-Baltic 21 Lighthouse and EUSBSR flagship project Baltadapt developed a transnational climate change 
adaptation strategy for the Baltic Sea Region in a unique integrated cross-sectoral project to policy process. Since 2013 this 
strategy is in the hands of member states for further action on policy level. 
The same year, a climate dialogue platform for the Baltic Sea Region was established with the aim to 
Stimulate exchange of experiences, best practices in climate change adaptation and harmonizing policies and measures, also 
considering relevant mitigation, low emission and energy efficiency instruments; 
Elaborate a shared understanding of common cross border challenges in climate change adaptation, in order to address 
international, national and sub-regional concerns; 
Foster the elaboration, implementation, monitoring and/ or revision of national and sub-regional adaptation plans; 
Ensure and facilitate cooperation between CBSS member states, the Baltic Sea sub-regions and science in order to pool 
knowledge, experiences and resources in adapting to a changing climate; 
Catalyze the identification and development of concrete projects, initiatives and activities; 
The Baltic Sea region has become a role model for macro-regional cooperation on climate adaptation in Europe and 
experiences from cooperation is used to develop similar strategies in other macro-regions. 
 
 
Hot spot Baltic Sea - expected climate change and its impacts on Europe's first macro-region (Baltic Session session) 
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Baltic Earth is the new Earth system research network for the Baltic Sea region. It is the successor to BALTEX and stands for the 
vision to achieve an improved Earth system understanding of the Baltic Sea region. A first major outcome of Baltic Earth is the 
publication of the Second Assessment of Climate Change for the Baltic Sea Basin (BACC II, published 2015 with Springer Open 
Access). 
This assessment, like its precursor, BACC (2008) was produced by a team of scientists from the region, led by lead authors who 
have recruited experts from relevant topics to contribute. The process is not externally funded and completely based on 
published scientific evidence, and not biased by political or economic interest groups. The BACC reports aim to bring together 
consolidated knowledge that has broad consensus in the scientific community, but also acknowledging issues for which 
contradicting opinions are found in the literature, so that no consensus can be reached ('consensus on dissensus'). An 
international steering committee is responsible for overlooking the process, and all manuscripts are anonymously peer-
reviewed by independent international experts. An outstanding outreach aspect of these reports is the close collaboration 
with HELCOM as a regional stakeholder (HELCOM is the intergovernmental Baltic Marine Environment Protection Commission 
for the Baltic Sea and the major regional science-policy interface in the Baltic Sea region). 
The new study (BACC II, 2015) to which 140 authors have contributed, finds the results of BACC (2008) still valid. Climate 
change can be detected at the regional scale but attribution is still weak. The effect of changing atmospheric aerosol loads and 
land use change is largely unknown so far and needs further attention in the coming years. For the observed changes in 
biogeochemical and ecological systems, multiple drivers are at work of which climate change is one. Their relative importance 
still needs to be evaluated. 
When addressing climate change impacts on e.g. forestry, agriculture, urban complexes and the marine and terrestrial 
environment in the Baltic Sea basin, a broad perspective is needed which considers not only climate change but also other 
significant factors such as emission changes, demographic, economic as well as land-use changes. 
The BACC I and II Author Teams are credited at www.baltic-earth.eu via the links /BACC and /BACC2. 
 
 
Developing Estonia's National Strategy for Adaptation to the Climate Change (Baltic Sea session) 
 Uustal 
Estonian Environmental Research Centre, TALLINN, Estonia 
 
The presentation will give an overview of a currently ongoing project, which aims to contribute to a more climate-resilient 
Estonia by developing a strategy and measures for adapting to a changing climate - aggregation of existing scientific 
information related to the climate change impacts, proposition of potential measures of climate change adaptation, indicative 
estimation of proposed adaptation measures and prioritization of adaptation measures, compilation of the draft Estonian 
climate change adaptation strategy and development of an action plan for the implementation of proposed measures. 
The goal of the strategy is that in future climate change should be considered and integrated into planning and development in 
the most appropriate way. The project will eventually enhance the preparedness and capacity to respond to the impacts of 
climate change at local, regional and national levels, developing a coherent approach and improving coordination. It is also of 
particular importance to ensure joint approaches and full coherence between national adaptation strategies and national risk 
management plans. 
Estonia does not currently have a national climate change adaptation strategy (NAS) and the knowledge available about 
different impacts caused by climate change in Estonia has not been assembled. Currently, the information in different sectors 
is fragmented and scattered between different authorities and institutes. Also, there have been several projects related to this 



issue but in order to develop a comprehensive adaptation strategy, the information and knowledge on climate change and its 
possible impacts in Estonia has to be systematically evaluated. 
Sector-specific analysis should also involve possible adaptation measures, presented in priority order as well as estimation of 
indicative cost of proposed adaptation measures, since at present there is insufficient awareness of adaptation measures and 
their costs. 
In order to develop effective policies it is also essential to create scenarios, where different long-term climate change impacts 
and possible ways for adaptation are measured. There are already some adaptation measures developed and in place at 
sectorial level, for example in forestry or in human health but there is no analysis of their efficiency and sustainability. At the 
national level, the focus has so far been on climate change mitigation policy and crisis management. 
A considerable amount of information already exists, but this has to be aggregated and the need is to carry out some 
additional research. 
 
 
Local climate Adaptation in the Baltic Sea Region - the St. Petersburg case (Baltic Sea session) 
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Climate change is a common challenge around the Baltic Sea region, but vulnerability and readiness for its consequences are 
different for each country. According to the various types of modeling climate conditions in the Gulf of Finland area will change 
dramatically and the impacts are destructive. 
St. Petersburg with its recreation and historically important territories has been affected by water during in all times. However, 
new impacts may occur, facing impacts of expected climate change. In 2012 - 2014, the project CLIPLIVE - CLIMATE PROOF 
LIVING ENVIRONMENT funded by the South-East Finland - Russia cross-border programme developed maps of geological and 
environmental risks for the current situation, maps of geological and environmental risks under different climate change 
scenarios and practical recommendations on measures for geological and environmental risk reduction under current and 
future climate. 
A risk matrix for St. Petersburg territory was created according to the methods applied. Geological and natural parameters of 
the city were divided into eleven groups during the matrix creation process, each of them relating to one separate risk factor 
(reliable base occurrence depth, biogenic gas formation, coast erosion, surface waters flooding, subsoil and confined subsoil 
waterlogging, karst processes, neo-tectonic areas, paleo-valleys impact, radon hazard and surface slope). Functional zoning of 
the territory described in the Master Plan of St. Petersburg development was carried out for the land-use purposes. Utility and 
transport infrastructures, public, business, residential, manufacturing, recreational, agricultural and special-purpose areas 
were distinguished.  
For St Petersburg, the surface water flooding, ground water flooding and coastal erosion risks with its expected impacts on the 
main municipal economy services and human health have been assessed as the main climate-dependent threats for the city 
with a view to the expected impacts of climate change in the region. The combination of increasing precipitation, due to 
climate change, and additional artificial and sealed surfaces will increase flash floods in the metropolitan area. Thus, the city 
urgently needs to develop and implement risk management measures. 
The project recommendations mark the first step towards developing an integrated system for planning and implementing 
adaptive activities in St Petersburg, involving all of the relevant stakeholders. 
The recommendations form the basis for the development of the draft Climate Change Adaptation Strategy for St. Petersburg - 
the 1

st
 Russian regional document on Climate Change.  

 
 
At the nexus between adaptation and mitigation - Low-Carbon Development policy implementation in the Baltic Sea Region 
(Baltic sea session) 
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Numerous studies and EU roadmaps and the impact assessments accompanying them show that within a coming decades, 
deep cuts in GHG emissions and the transformation of the energy, transport and other systems are required. Data from BSR 
demonstrate that emission decoupling from economic growth is possible and thus LCD could be compatible with a growth 
agenda (Hey, 2012). 
Nevertheless, to implement the EU's and BSR long-term LCD visions, economic, energy and societal systems need to change in 
terms of revising incentives, acceleration of research & development, deployment and diffusion of low-carbon technologies, 
improving systems for these technologies, as well as accelerating adoption of best practices and social innovations leading 
towards behavioral change in consumption and production patterns. To facilitate these changes a wise and joint consideration 

of technology, policy design and sectorial aspects are needed (H�bler & L�schel, 2013). 

The challenge for policy makers is to identify how to select the �best' options when faced with both long term and wide 
spatial distribution of costs and benefits (Tompkins et al., 2013). The benefits to BSR of taking a stronger position on climate 
change and promoting LCD are competitive and strategic. 
Investments in energy efficiency improve quality of live and industrial competitiveness, decrease energy dependence and 
create jobs. 



However, LCD has to start from the base of our today's system that is characterized by multi-level governance and the 
existence of a multitude of actors with converging and opposing opinions. 
In moving to a LCD countries from the Baltic Sea region will need to experiment and gain experience, especially with new 
investment mechanisms and regulatory policies to both stimulate new innovation and support short-term solutions. One of 
the greatest challenges countries will face is financing the (generally higher) upfront costs of low-carbon investments. 
To support the further expansion of financing mechanisms for low-carbon investment, clear, stable, long-term signals are 
needed, particularly in terms of a global price for carbon. 
Economic factors are important in attracting low-carbon investments. Putting in place supportive policies and programs to 
overcome the regulatory, institutional, and market development barriers are important. 
The role of government is critical and top-level political leadership will be essential. Governments must establish the enabling 
conditions under which individuals, business and organizations can benefit from the opportunities offered by new low-carbon 
markets, technologies, products and services. A mix of policies will be required to achieve this. 
 
 
Urban flood management to decrease discharge of hazardous substances into the Baltic Sea - the transnational ClimUrban 
project (Baltic sea session) 
 Van der, Sr. Resea Van der Keur 
Geological Survey of Denmark and Greenland, GEUS, COPENHAGEN, Denmark 
 
The discharge of hazardous substances from urban areas into Baltic Sea continues to be high (HELCOM 2010). Three factors 
contribute to this increase. 1. Many areas have sources of potentially hazardous substances as parts of cities are built on 
and/or around areas with artificial land fill. And floods affect many sources of potentially harmful elements: old waste dumps, 
man-made fillings, tramways & railroads, contaminated soils, harbor areas, fuel and chemical storages. (2) Cities expand and 
densify into these areas (e.g. Laakso & Kostiainen 2008; Nordregio 2010; Tampere 2012; Statistics Finland, Tallinn 2012.). The 
increase in sealed surfaces and artificial surfaces (e.g. roofs) leads to increased surface runoff, which also affects urban flood 
patterns. (3) Climate change causes increases in precipitation and cloudbursts. These three factors lead to an increase in 
overall runoff and flash floods and subsequent increase of hazardous substances discharge into the Baltic Sea. 
Measures in urban areas to reduce urban flood hazards comprise, e.g. multi-functional spaces. Meanwhile these actions 
reduce flood risks; however these solutions only focus on water amounts but disregard hazardous substances. Cities like 
Hamburg, Copenhagen and the Helsinki Metropolitan Areas that have implemented multi-functional spaces see the need to 
assess these in the background of contaminant loads and the respective discharge rates. Cities that have not yet started to deal 
with increasing flash floods like to learn from experiences made so far and how to improve them, also respecting hazardous 
substances. 
The ClimUrban project aims at enhancing the capacity of cities and municipalities to decrease the discharge of hazardous 
substances from urban areas to the Baltic Sea.Pilot sites comprise several multifunctional flood prone areas in Hamburg and 
Copenhagen; planned new urban areas in Pori and Helsinki; as well as contaminated sites with future urban development in 

Klaipeda, Riga, Kohtla-J�rve and Gdansk. ClimUrban develops concrete measures in each project participating city, including 
pilot projects, focusing on employing no-regret measures and multi-functional solutions in order to keep the financial burden 
on cities and investors low. Multi-functional areas and natural soil conditions are used as a filter for waters to hinder 
infiltration through potentially contaminated soils. Potential leaching of hazardous substances in flood situations is estimated 
using leaching tests. The pilots are used to develop a common approach and guidelines for the entire BSR. The aim is to 
cooperate also with private companies to endorse the development of innovative solutions.  
 
 
A road-map for mainstreaming climate adaptation in Sweden - reflections from the work on a governmental mission (Baltic 
Sea session) 
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The Swedish Government has given the Swedish Meteorological and Hydrological Institute the mission to follow up and 
analyse climate adaptation work in Sweden carried out since the latest major assessment of vulnerability to climate change in 
2007.  
The mission has been based on input from several workshops with various stakeholders, including national, regional and local 
authorities, as well as representatives from business associations and academia. A survey of updates of the knowledge base 
available for various actors has been carried out, including indirect impacts of climate change, as well as an assessment of what 
has been implemented from the proposals in the governmental climate proposition delivered in 2008. This proposition is 
referred to by EU as the Swedish climate adaptation strategy. The output consists of a report, delivered to the Swedish 
government the 27

th
 Feb 2015. 

In addition to suggestions, related to specific sector challenges our work points on the need for a roadmap that ensures:  
Laws and regulations are updated and harmonized to avoid conflicting objectives, and to ensure that planning is done with 
consideration to climate change. 
Roles and responsibilities are clarified. Resources and mandates are provided to national and regional authorities, as well as to 
municipalities in order to ensure mainstreaming of climate adaptation. 



Research and development activities that fill identified knowledge gaps including long-term monitoring and indirect impacts is 
ensured, with prioritisations based on dialogues between the scientific community, municipalities, county boards, national 
authorities and enterprise associations.  
Knowledge, decision support tools and early warning systems are accessible to various users. Mechanisms are needed to 
prioritize which and how decision tools should be developed and made available. Identified needs include assessments of costs 
and benefits, multidimensional impacts, and handling of uncertainties. 
Clarification of how funding is distributed between different actors, and securing of resources to priority measures. In this 
context, we suggest that the potentials for a 'polluter-pay' principle is investigated, especially in relation to adaptation actions 
that aims to protect values of national interest, or that have implications that cross administrative boarders. 
 
 
Future governance approaches for reducing nutrients at local farm scale - Insights from the Project Soils2Sea. (Baltic Sea 
Session) 
 Stelljes 
Ecologic Institute, BERLIN, Germany 
 
Eutrophication is a serious challenge for the Baltic Sea; effects of eutrophication include algal blooms, dead sea beds and 
reductions in fish stocks (Arheimer et al. 2012). Climate change will most likely increase the effects of eutrophication (Helcom 
2007). Agriculture can be identified as a main reason for eutrophication of the Baltic Sea (see Helcom 2007); this implies a field 
of possible actions to tackle the problem. The introduction of additional new and innovative measures will be required, 
because the easiest applicable measures have, in most cases, already been utilised. Here comes the project SOILS2SEA in 
place. The project proposes to exploit the fact that the retention (removal by biogeochemical processes or sedimentation) of 
nutrients in groundwater and surface water systems shows a significant spatial variation, depending on the local 
hydrogeological and riverine regime. 
If we can more accurately predict where N and P are retained in a catchment by estimating the retention in the different 
compartments along the flow path, then we can more cost-effectively design measures to reduce the nutrient loads to the 
Baltic Sea. Currently, the traditional uniform regulations do not account for local data and knowledge and are much less cost-
effective than spatially differentiated. Therefore, it is necessary to utilise all local information and find locally designed and 
optimised solutions to reduce nutrient leaching. This calls for new innovative governance regimes with active involvement of 
key stakeholders. 
Within the project, there are three in depth local case study sites where an intensive stakeholder involvement takes place. At 
each case study site, located in Denmark, Sweden and Poland, we use different participartory methods at workshops to find 
out about stakeholders reaction to the idea of spatial differentiated solutions towards eutrophication. At these workshops, 
different policy options will be proposed and discussed, including ones that empower local stakeholders collectively to commit 
to targets and decide on technical measures to implement. 
The poster will present the project itself with a special focus on the procedure and the results of the first series of workshops. 

Arheimer B, Dahn� J, Donnelly C (2012b) Climate change impact on riverine nutrient load and land-based remedial measures 
of the Baltic Sea Action Plan. Ambio, 41(6), 600-612 
HELCOM (2009) Eutrophication in the Baltic Sea. An integrated thematic assessment of the effects of nutrient enrichment in 
the Baltic Sea region. Baltic Sea Environment Proceedings No. 115B. http://www.helcom.fi/Lists/Publications/BSEP115B.pdf 
(assessed 2810.2014) 
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Governance, acceptance and justice. A study of stakeholder perceptions in Austria 
 Scherhaufer, Höltinger, Salak, Schauppenlehner, Schmidt 
University of Natural Resources and Life Sciences, Vienna, VIENNA, Austria 
 
 
Wind energy is a key technology towards a low-carbon society, because it is the most competitive in terms of energy 
productivity and cost effectiveness in comparison to other renewable energy sources. However, already today social 
acceptance is considered to be a constraining factor in achieving ambitious wind deployment targets. Surveys repeatedly show 
that while people support wind energy in general, specific wind farm projects often cause local opposition. Local resistance 
against wind energy cannot be explained by singular issues such as simple cost-benefit calculations, the public support for 
renewable energy sources, the implementation strategy of the developer, the number of wind turbines installed, the intensity 
of the turbine noise, the protection of local birds and animals, or the 'not-in-my-backyard'-effect, although a very dominant 
influence seems to be the specific value of the landscape, the familiar surroundings and the habitat. Hence, the acceptance of 
wind energy is dependent on a complex set of individual and societal indicators, perceptions and preferences rooted in 
institutional and socio-political arrangements. This study is based on 28 semi-structured interviews with Austrian wind energy 
experts dealing with issues of governance, acceptance and justice during the planning and siting process of wind farms. The 
aim is to reveal their preferences regarding cultural, political, technological and ecological factors and to deepen and widen the 
triangle of social acceptance (socio-political, market and community). Addressing social acceptance therefore will enhance the 
understanding about the economical, political, ecological and social feasibility of wind power plants and help to better 
communicate benefits and risks of wind energy to local, regional and national authorities, developers, the public and local 



communities. 
 
 
Adaptive learning in complex systems for high end scenario assessment 
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Most climate impact and adaptation studies use some form of qualitative or quantitative model or assessment method often 
combined with analyses based on future scenarios of socio-economic and climate change (Rounsevell & Metzger, 2010). 
However, the role of adaptation is usually treated in limited and often simplistic ways that relies on proxy indicators of some 
notion of adaptive or coping capacity. In practice, however, adaptation is underpinned by a set of processes that are mediated 
by human behaviour and decision making (Arneth et al., 2014; Rounsevell et al., 2014) and very few studies seek to represent 
the human dimensions of adaptation processes in models of future change. A similar situation exists for mitigation processes in 
which the prevailing paradigm is to assess mitigation using neo-classical economics approaches that do not account for the 
myriad of human decision processes and the emergent properties arising within complex human-environment systems. 
Since we are dealing with complex systems in understanding adaptation and mitigation, it is appropriate to use complex 
systems methods. An approach that is used increasingly for this purpose is known as Agent-Based Modelling (ABM). The ABM 
approach is computational and involves the creation of virtual objects with autonomous behaviour (i.e. agents), to represent 
real-world actors and their interactions amongst each other and with their environment (Rounsevell et al., 2012). The ABM 
approach is especially well-suited for the analysis of high-end scenarios, which are characterized by strong non-linearities, 
tipping points and major shocks drawn from unknown distributions. In this presentation we will provide examples of the use of 
ABM in high-end climate change scenario studies. This includes autonomous adaptation to climate change in land use systems, 
mitigation through an energy-economy model, and the process of climate policy negotiation between countries. These 
examples are intended to demonstrate the utility of the approach and its strength in representing adaptive learning processes 
in complex systems and the emergent system properties arising from this. 
Arneth et al (2014). Global models of human decision-making for land-based mitigation and adaptation assessment. Nature 
Climate Change, 4, 550-557. 
Rounsevell, M.D.A. & Metzger, M.J. (2010). Developing qualitative scenario storylines for environmental change assessment. 
Wiley Interdisciplinary Reviews Climate Change, 1, 606-619 
Rounsevell et al (2012). From actors to agents in socio-ecological systems models. Phil Trans Roy Soc B, 367, 259-269 
Rounsevell et al. (2014). Towards decision-based global land use models for improved understanding of the Earth system. 
Earth System Dynamics, 5, 117-137 
 
 
Visualisation & Immersion Dome Experience for Inspired Participation 
 Gawlikowska, M. Marini, N. Chokani, R.S. Abhari 
ETH Zurich, ZURICH, Switzerland 
 
The very recently demonstrated ETH Visualisation Dome has been designed to better communicate the economic, political, 
spatial, ecological and social benefits and risks of wind power plants, and to help local communities, local and regional 
authorities, and developers in their decision-making regarding the construction of the necessary energy infrastructure. At its 
first public presentation, 57% of the interviewed public participants stated that their opinion of wind power plants improved 
following their immersion experience in the Dome, with only 5% of the audience stating the opposite. This paper shall discuss 
this novel approach to improve procedural justice in the context of raising social acceptance of wind energy. 
Through innovative, interactive and streamlined processes, which are based on modern communication and marketing 
techniques, the Dome provides for the constructive participation of audiences and promotes the development of new power 

plants in local �backyards,' answering to fears related to visual and acoustic impacts of new power plants, thereby what are 
commonly recognised as the weakest aspects of public acceptance are directly addressed using the Dome. Transparent to the 
audience is the complex framework of ETH's bottom-up, integrated analysis, software tool, EnerPol, that underpin the 360-
degree photo-realistic video and audio simulations of wind power plants, which are the primary characteristics of the Dome. 
This framework includes: (a) big data of infrastructure and resources that are acquired through satellite imaging to provide 
high resolution (30metre by 30metre) digital maps of a neighbourhood or region; (b) large-scale computing of weather & 
environment, and advanced algorithms that interlink renewable & conventional generation of electricity, transmission of 
electricity, storage, logistics, transport, econometrics, and policy; (c) scenarios that simultaneously consider more than 250 
variables; and (d) aggregated presentations of results that facilitate decision-making. In particular, through the Dome's 
improved procedural justice, an effective bridge is provided between public and local communities, who are better included in 
planning and decision-making of the wind power plants, and developers, who seek a beneficial, low risk, return on their 
investments. Furthermore, using the Dome, and its scientifically accurate data and models, local and regional authorities can 
pro-actively assess the impacts of planning and policy. Overall, this paper will demonstrate that new research approaches can 
successfully contribute to addressing social acceptance. 
 
 
Adaptation in the transport sector: study with a combined forward looking investment model and a CGE model 
 Heyndrickx

1
, Frederix

1
, Perrels

2
 



1
Transport & Mobility Leuven, LIER, Belgium 

2
Finnish Meteorlogical Institute, HELSINKI, Finland 

 
The research community has become more focussed on climate resiliency and adaptation to climate change, following an 
increase in both frequency and intensity of extreme events. Mitigation to climate change has been extensively studied in a 
number of Computable General Equilibrium (CGE) models such as GEM-E-3, DICE, GRACE, GTAP and EPPA. The introduction of 
adaptation and recovery to damaging events has followed a slower pace however, generally due to the important problems in 
assessing the impact of adaptation on macro-models and the relatively limited treatment of intertemporal dynamics in the 
models cited above. 
This paper develops a simple model with forward looking expectations for research in climate adaptation and links this to a 
larger CGE model for the European Union. In a series of test simulations, we graphically analyse the impact of adaptation and 
show how this type of model combinations can be used to analyse longer term adaptation to climate change in a macro-
economic model. By linking a forward-looking model with a CGE model, we are able to exploit the advantages of both models. 
The forward looking model allows us to avoid the purely recursive dynamics of many large CGE models, while at the same time 
studying the impact of forward looking adaptation to climate change. 
Our model is applied on a case of shocks in the transport and trade sector. We elaborate on the nationwide recovery to shocks 
in transport infrastructure and how they relate to other macro-economic parameters (labour market, capital rent, long-term 

recovery and demand). We track economic recovery and compare different types of �adaptation plans'. This is related to pro-
active investment in adaptation. A full 'optimal' recovery plan is compared with a 'reactive' adaptation plan and 'no-
adaptation'. We show that full adaptation leads to very low costs of climate change, but requires an unrealistic amount of 
knowledige of the system. Reactive adaptation generally scores well, unless investment in one type of adaptation would 
increase the vulnerability of the system for other types of negative events. 
 
 
Citizen observatories and climate change adaptation: Mapping the behavioral determinants of sharing personally-collected 
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In the face of various climate change implications, continuous and widespread observations of weather are of crucial 
importance to equip at-risk locations with essential information as they have to deal with more frequent and/or more intense 
flood risk hazards. Yet there are two major problems with the traditional means of observing the weather using Remote 
Sensing (RS) and in-situ observations of meteorological variables: firstly, the low resolution and density of the data acquired 
using these methods and, secondly, the passive role that they perceive for citizens in terms of understanding their 
environment and changes due to climate change. 
Therefore, increasing attention is being paid to the importance and the potential of 'citizen science' (or citizen observations), 
coupled with the diffusion of Information Communication Technologies (ICTs) that are interactive and easy to use. ICT-enabled 
citizen observatories, involving citizens in gathering data and perhaps even higher levels of active participation in governance 
and decision making processes, can provide new means to face climate change and the threatening hazards resulting from it. 
Nevertheless, their success hinges on the continued involvement of citizens as central actors of these initiatives and developing 
strategies to (further) engage them requires in-depth understanding of the behavioral determinants that encourage or impede 
individuals to collect and share weather-related data. In this paper, the behavioral determinants of sharing personally-
collected weather data via web-platforms are analyzed using the Theory of Planned Behavior from the behavioral sciences. The 
findings and analysis are based on empirical research carried out in three EU-member countries, complemented by a review of 
secondary material and relevant literature. In total, 30 interviews were conducted and 43 online questionnaires completed in 
the Netherlands, the United Kingdom and Italy covering two major group of the citizens; (1) individuals who are already 
participating in data collection and sharing using their Personal Weather Stations (PWSs) and (2) the general public who is not 
yet engaged in these types of activities. Consequently, a model was developed that identifies the main drivers and barriers for 
participation in citizen weather observatories. This model can be utilized as a tool to develop strategies for further enhancing 
citizen participation in climate change adaptation.  
Key Words: Water Management, Participation, Citizen Observatories, weather data, Theory of Planned Behavior (TPB), 
Decision making, data sharing, ICT  
 
 
Modelling framework of simulating every day stormwater sewers and cloudburst green area runoff 
 Rasmussen, RAW Winther, MAU Uggerby 
EnviDan A/S, KASTRUP, Denmark 
 
In Denmark, today, the utilities companies are responsible for stormwater up to rain events of 5-10 year frequency. For 
cloudbursts above this the municipals must have an emergency plan. This division of responsibility also divides planning for 
extreme cloudburst protection. Traditionally, sewer systems models only include runoff from impervious areas and does not 
account for green areas runoff. In climate adaptation plan for the urban drainage system, the whole system is rethought and 
included in the same; for every day rain and cloudbursts. Green area runoff to local surface depressions and the sewer systems 
may potentially be large, especially on clayish soils, as the rain intensity excide the soil infiltration capacity. Therefore, green 



areas cannot be neglected when planning cloudburst protection. 
The presented modelling framework supports the division of responsibilities. The model is developed to meet the demands of 
the Aarhus water (Second largest utilities company in Denmark): 1) Simulate present day sewer system for rain events up to a 
10 year return period, 2) Simulate scenarios of implementation of SUDS (Sustainable Urban Drainage Systems), both the full 
implementation and the different implantation steps, 3) The detailed level has to be at single houses and gardens; for including 
private drainage, infiltration beds or canals, 4) Simulate and dimension of plan terrain modification for handling cloudbursts, 5) 
Include runoff from green areas, 6) In all cases simulation of 100 year cloudburst events. 
Runoff from roof and roads is directed to a well in the sewer system. The sewer system is modelled as a 1D pipeflow. All plan 
solutions of SUDS drainage, rain gardens or canals is included in the pipe model. The sewer system is coupled to a 2D model for 
simulating overland flow. All terrain modifications for handling cloudburst, e.g. change of road profile and flood areas, are 
included in the surface model. Estimated runoff from green areas is added to the terrain model and flow according to the 
terrain. The runoff estimation is based on Green and Ampt (1911). 
Using this model framework, only the 1D pipeflow part is needed for simulation of everyday rainfall. By this, the model is 
computational quick and many different solutions or dimensions can be tested fast. It can also be used for long term 
simulation e.g. 30 years. Only for cloudbursts, the model needs to include the computational demanding 2D overland flow. 
Furthermore, this framework presents a methodology of including green area runoff. 
 
 
Tailored climate change information for adaptation projects - lessons learned by the German Climate Service Center 
 Hennemuth, Ms Dr Keup-Thiel 
Helmholtz-Zentrum Geesthacht Climate Service Center 2.0, HAMBURG, Germany 
 
Adaptation strategies are most successfully developed by those institutions which will also implement and finance the 
adaptation measure. The key actors are public administration, companies, and experts from various sectors. They are in 
general not familiar with complex climate change information, which is essential for the design of adaptation measures. 
Therefore, they need support from climate experts or climate service institutions. 
The German Climate Service Center cooperated with and learned from the great German adaptation funding activity KLIMZUG 
over five years. With seven joint regional projects KLIMZUG tackled a large variety of sectors. The methods and formats of 
knowledge transfer and exchange between climate experts and sectoral experts as well as the process of selecting information 
on climate change, climate modeling, climate model data and their interpretation will be presented. The 'lessons learned' 
which are related to face-to-face communication; dialogue between sector experts and climate experts; involvement of 
external experts - if necessary; need of communication platforms will be discussed.  
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As the impacts, the frequency and the intensity of climate change phenomena become apparent even nowadays and are 
expected to increase in the next years, related decision making authorities are faced with significant challenges on how to deal 
with them. The transport sector is one with major disruptions and catastrophes faced already today, due to the negative 
impacts of extreme weather phenomena, at global level. Related decision making authorities, both at planning and at 
operational level, are confronted with increasing requirements related to ensuring the optimal operations of multimodal 
transport networks. In this new task, they are faced with uncertainties related to which adaptation measures could optimally 
respond to climate change impacts and ensure the resilience of the transport system. 
Several studies and research activities at national, European and global level have been executed, aiming to identify adaptation 
measures that could contribute to the reduction of the current and the expected negative impacts of climate change on 
transport systems. Such recordings of the various adaptation measures have already been executed, providing structured 
inputs to interested entities. Furthermore, further steps, aiming to assess the way that adaptation measures can be prioritized, 
in form of deployment roadmaps have started being formulated. Such roadmaps provide guidance to decision makers 
regarding prioritized adaptation measures, which if implemented, will optimally contribute to the reduction of the negative 
impacts of climate change on multi-modal transport systems and networks. 
The objective of the proposed presentation is to expose the current status of domain experts' knowledge in the fields of 
climate change adaptation measures and deployment roadmaps for multi-modal transport systems and networks, including 
experiences and results both from the EU as well as from the US. 
 
 
People vs. Windmills? - To what extend and how successful are instruments of public participation used to foster social 
acceptance in the European wind energy sector? 
 Dütschke, Wesche 
Fraunhofer ISI, KARLSRUHE, Germany 
 
For the EU to meet its 2020 climate and energy targets, an increased deployment of renewable energy generation facilities and 



extensions to electricity grids is heavily needed. Analyzing the different RES technologies, wind is the most mature and most 
cost effective renewable energy alternative available. Thus in order to fulfill the already mentioned EUs 2020 climate and 
energy targets wind energy is expected to play a fundamental role. Moreover, beyond 2020, wind energy will be the key 
technology in all EU energy scenarios[1]. 
Beeing a decentralized form of electricity generation the proceeding proliferation of wind energy plants across Europe lead to 
an increasing amount of contact points for the local population. Even though the general acceptance of wind energy is 
comparatively high (Eurobarometer, 2007, Eurobarometer, 2011) the ongoing diffusion process brings about more and more 

conflicts and conflict potential sparking off of a variety of different reasons such as �concerns for local flora and fauna, noise, 
landscapes pollution’[2] and others. 
If though the European Union's 2020 climate and energy targets shall be met a lack of local public support cannot be afforded 
as it can imply drastic delays in the screening, scoping, planning and execution of wind energy projects. Consequently to avoid 
these scenarios a strong promotion of local acceptance for wind energy projects in crucial. 
In order to analyze the current situation concerning the instruments of public participation to later derive policy implications 
two processes were executed within the EASME funded WISE Power project: Firstly a review of best practices, guidelines and 
toolkits was performed by desk research to determine that the instruments for fostering social acceptance in the wind energy 
sector are available. Secondly the status quo of the utilization of these acceptance strategies and practices was determined 
using a questionnaire based survey, applied in 13 European countries asking 207 members of administrative bodies, project 
developers, financial institutions, cooperatives and environmental organizations about their experience and usage of (the) 
public participation strategies. 
The results obtained through these two inquiries will be presented (if the abstract gets to be accepted) at the ECCA conference 
venue in Copenhagen. 
[1] http://ec.europa.eu/energy/energy2020/roadmap/doc/sec_2011_1565_part2.pdf, 
[2] RebelGroup 2011, ' Benefit Sharing Mechanisms for Renewable Energy Sources' (RESHARE), final report 2011, 
http://www.reshare.nu/athena/site/file_database/Reshare_outlinenewFINAL.pdf 
 
 
Application, opportunities and constraints of different landscape oriented 3D visualisation techniques for communication 
and participation processes of wind energy projects 
 Schauppenlehner

1
, Salak

1
, Höltinger

2
, Schmidt

2
, Scherhaufer

3
 

1
Universität für Bodenkultur, Wien; Institut für Landschaftsentwicklung, VIENNA, Austria 

2
Universität für Bodenkultur, Wien; INWE, VIENNA, Austria 

3
Universität für Bodenkultur, Wien; INFER, VIENNA, Austria 

 
The visual sense is the dominant human sensory component and therefore, the communication of visual impacts of wind 
power infrastructure seems to be crucial to increase the acceptance among the local community. Especially in landscape- and 
outdoor recreation oriented regions, visual aesthetic plays an important role, thus local resistance against wind power projects 
is often led by arguments regarding the protection of the landscape and scenic beauty. Within a project that analyses different 
factors and parameters of the social acceptance of wind energy projects in Austria, we compared different techniques and 
methods for 3D visualisation to communicate visual and acoustic impacts at landscape level. Three main techniques are 
identified: (1) Static/animated images, (2) full 3Dmodels and (3) augmented reality. Static retouched images (1) are easy to 
create by providing photorealism. Images can be easily used in different media. Nevertheless, the level of immersion and 
interaction is low. Additionally, wind turbine rotation can be animated using video animations. More possibilities for 
interaction and immersion are provided full 3D models (2). The challenging task in this context is the modelling effort. This 
issue can be partly solved using databases on interchangeable landscape elements and textures to enable an efficient 
workflow. 3D models are flexible regarding the presentation platform and can provide highly immersive experiences using 
latest VR technology. Nevertheless, the production process is time consuming, requires a lot of experiences and contains some 
barriers for installation. Simpler models can be provided using GIS technologies (ESRI CityEngine, Biosphere3D) or GoogleEarth. 
Using augmented reality (3) means, that 3D models of wind turbines interact with the real environment using the camera view 
of mobile devices on-site. Due to the technical features of smartphones it is suitable for outdoor applications using the GPS 
technology for object placement. Nevertheless, issues with position accuracy and object masking are vital problems of this 
technology. 
All three approaches have specific benefits and constraints for the involvement of the local public in participation processes. 
Images (1) are easy to create and to share. 3D environments (2) are characterised by a high barrier in accessibility, although 
they are well suitable for workshops and upcoming VR technologies have the potential to provide highly immersive 
experiences. Yet, the augmented reality approach (3) has to deal with several technological issues. However it provides the 
best interaction with the real landscape and could be an appropriate technology for outdoor experience. 
 
 
Public involvement in flood risk management, risk or recommendation? 
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Key words: public involvement, flood risk management, resilience 
Problem definition 
In their implementation of the Water Framework Directive (2000) and Flood Directive (2007), EU member states are to 

�encourage active involvement of interested parties'. In a comparative analysis, Newig et al. (2014) found that only in rare 
cases the wider public was involved in the decision-making on river basin and flood risk management plans. Whereas public 
involvement is deemed highly important in the resilience literature (Norris et al. 2008), it puts decision-makers on flood risk 
management in practice for a challenge. Water-related subjects struggle to arouse the public's interest to participate and even 
in areas where flood awareness is high, the public considers its role in the management of flooding as limited. 
Outline of the paper 
In our paper, we will investigate public involvement initiatives taken in France, Belgium, the Netherlands, Poland and England 
and will seek an answer to the question whether these efforts lead to a more resilient flood risk management. In our view, this 
implies a management that is able to both resist flood events, recover from them and adapt in order to increase its buffer 
capacity. 
Public involvement stands for a broad category of activities. As a first step of our assessment framework we have developed a 
typology to structure the different forms of public involvement in flood risk management, which we observed in the countries 
of the study. For our categorisation, we make use of the strategies introduced by the Flood Directive, namely prevention, 
protection and preparedness, next to the degree of involvement, initiating actor, etc. In a next step, we aim to make 
statements on the costs and benefits of public involvement strategies. Therefore, we make use of the resilience evaluation 
framework developed within the STAR-FLOOD project. [1] 
Methodology 
This paper makes part of the EU-FP7 project STAR-FLOOD. In STAR-FLOOD flood risk governance is examined by legal and 
policy scholars in 6 European countries. The research is based on document analysis and interviews. Additionally to research at 
national level, 3 cities in each country have been studied in detail. 
[1] More information on the STAR-FLOOD project can be found on www.starflood.eu. 
 
 
Combined impacts of land subsidence, sea level rise and storm surge on coastal flood risks in the Bangkok Metropolitan 
Region 
 Duangyiwa, Dr Yu, Professor Wilby 
Loughborough University, LEICESTERSHIRE, United Kingdom 
 
Flood risks in the coastal mega-cities due to the combined impacts of: (i) a changing climate; and (ii) intensified human 
influences are increasingly concerned in Southeast Asia and Worldwide. According to the report published by the Organization 
for Economic Co-operation and Development (OECD), the Bangkok Metropolitan Region is one of the largest coastal mega-
cities that are facing significant impacts due to climate change and variability. Floods from the river and coastal inundation due 
to high tides from the sea are typical phenomena in the region due to the relatively low-lying nature of its terrain and close 
proximity to the coast. Key factors affecting coastal flood risk in Bangkok include land subsidence, sea level rise and, to a less 
extent, storm surge. The aim of this research is to investigate the coastal flood risks in Bangkok, using a two-dimensional flood 
inundation model (FloodMap, Yu and Lane 2006), taking into account land subsidence, sea level rise and structural features 
such as flood defences. Scenarios were designed with projections of land subsidence and sea level rise to 2050s, 2080s and 
2100s. The 2011 flood in Thailand is used as a case study. The impacts of coastal flood risks on buildings, landuse and 
transportation network are examined. Results suggest progressively increased risks of coastal flooding to key coastal 
infrastructures. This study provides insight to help understand the potential impacts of climatic and anthropogenic processes 
on coastal cities in Southeast Asia, which are in particular vulnerable to coastal flood risks due to their fast changing climatic 
and anthropogenic conditions. The understanding gained through this study may help inform decision makers with useful 
information to undertake appropriate adaptation measures for dealing with the potential flood risks. 
 
 
Can innovative weather services mitigate extreme events impact on transport? A test case study for Zurich, Switzerland 
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Increased weather variability and a larger number of extreme events are among the expected impacts of climate change. 
Switzerland has already experienced some occurrences of this trend in recent years. 
For the transport sector this means additional challenges as such events are highly unpredictable and potentially disruptive. In 
the case of rather destructive events such as major floods direct costs, typically the cost of rebuilding the infrastructure, are 
what matters most. The recurrence interval of such events is however still in the order of several decades. For events with 
shorter recurrence and limited destruction potential, indirect cost can amount for a substantial part of the total costs. Such 
costs are basically the monetisation of the economic losses due to an impaired transport system. The level of information of 
travellers plays a role in their behaviour and, ultimately, in the output of the system. Roughly, it is expected that increasing the 
number of informed travellers, for example through innovative weather services, will lead to a reduced negative impact of 
weather events. 



This paper uses an agent-based simulation approach to evaluate the actual impact of this kind of weather services in case of 
extreme weather events. Using the urban area of Zurich as a test case, several scenarios with various levels of extreme 
weather and different levels of informedness were tested. It was then looked at the impact on the transportation system in 
terms of additional travel time. 
One of the main findings of this research is that increasing the level of information of travellers can indeed help reducing the 
impact of extreme weather events in terms of indirect costs. However, as already found by other researchers, the beneficial 
impact reaches a maximum at a specific information level and stays constant, or even slightly regresses, beyond this point.  
The work presented in this paper is part of the EU financed project ToPDAd. 
 
 
The role of innovation in bridging the policy research divide 
 Young 
Victoria University, MELBOURNE, Australia 
 
Generation of new knowledge is central many policy related adaptation projects. In order to do this it often requires the 
forming of 'uneasy alliances' . This presents challenges as the ability to balance different agendas in a way that serves both the 
developers of the knowledge and the needs of the end users is not always straight forward. It requires understanding the 
different values of participating actors and how these direct priorities and decision making processes. 
How this knowledge is developed and communicated has a direct impact on how effectively adaptation is understood, 
perceived, valued and responded to. It needs to be developed in context of the systems it is used with, the institutions it is 
used in and the people it is used by, to ensure its use and sustainability. It also requires the ability to identify and integrate 
different types of knowledge that are needed to enable solutions. It also requires the integration of this knowledge into pre-
existing social and operational systems. This has resulted in a growth of communities of practice, peer to peer learning and 
transdisciplinary research projects between policy makers, practitioners and researchers. Central to these project is the use of 
innovation methods and techniques to not only support the development of new knowledge but also the implementation of 
actions. 
Using three Australian case studies, this paper will discuss different multi-party adaptation collaborations, the methods used, 
the challenges encountered and the lessons learnt. 
 
 
User behavior and trends in online and mobile weather services 
 Harjanne 
Finnish Meteorological Institute, HELSINKI, Finland 
 
Online services such as web sites and mobile applications are already among the most important sources of weather 
information for large share of population. Especially the popularity of mobile applications has been increasing rapidly during 
recent years. From the point of view of adaptation to climate change this means that more relevant and accurate information, 
such as weather warnings, can be communicated to end-users, potentially improving the adaptive capacity and resilience of 
whole communities. In order to model such changes, a more detailed picture on the user behavior of these services is needed. 
To improve the understanding on how online and mobile weather services are used, a statistical analysis of the use FMI's 
services was conducted as part of the EU funded TOPDAD project (www.topdad.eu). In the analysis, the unique site visits and 
application use events were studied in relation to the time of the day, week and year, the weather conditions and declared 
warnings. The results were reported in a recent FMI report (Harjanne & Ervasti, 2014) but have been updated and expanded 
since. 
One key finding is that use of online weather services is becoming more mobile and that also shows in the user behavior. The 
results also show that the use of the service is highly seasonal and connected to the weather conditions. During winter months 
the relationship between daily mean temperature and service use is very apparent and during summer precipitation seems to 
have a major impact on user rates. In the case of storms, the interest towards warnings is heightened already few days before 
the event but the majority of increased traffic occurs on the day of the event. For the mobile application the preliminary 
analysis shows indication of a trend of decreasing interest towards the warning messages, a possible sign of risk fatigue due to 
frequent warning messages. 
The results of the study increase our knowledge of how weather services are used and how the adoption of new technologies 
and improved awareness of weather conditions affects the behavior. This information can be used to adjust adaptation models 
and plans to take into account behavioral changes enabled by technology. 
References 
Harjanne, Atte; Ervasti, Tiina (2014) Analysis of user trends and behavior in online and mobile weather and climate services, 
FMI Reports 2014:10. 
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The Danish coasts show a variety of coastal landscapes and sediments and the coastal development is governed by a diversity 
of wave energy levels, coastline configurations, and levels of urbanisation/coastal protection. In 2011, the Danish Coastal 

Authority (DCA) under the Ministry of the Environment forwarded a �Coastal Protection Strategy' addressing, amongst other 
issues, the necessity to apply more holistic views on erosion and protection for longer coastal stretches and to advance soft 
measures like sand nourishment where appropriate. It was also explicitly stated that coastal erosion is a natural process and a 
prerequisite for sediment availability to maintain natural beaches and to minimize erosion at down drift coastal stretches. 
Compared to many other countries Denmark still have large unprotected stretches but also coastlines, e.g. in North Sealand, 
where hard structures and a deficit of sand over decades have led to an increased pressure on coasts and properties. 
To address erosion issues towards landowners and policy- and decision-makers, and to enhance sound coastal management 
approaches DCA together with DHI and University of Copenhagen are collaborating on a coastal erosion atlas tool. The tool 
may be used in an assessment of alongshore sediment transport, historical erosion, the effect of existing coastal 

protection/autonomous erosion without protection, and the �erosion pressure' on the entire Danish coastline now and in 
future. 
In evaluating the erosion pressure, the method assesses the coasts' liability to chronic and acute erosion, respectively. Chronic 
erosion is assessed from the potential long-shore transport calculated based on 20y wave hindcast series offshore, and 
coastline configuration. A comparison with historic erosion, in general, gives a good representation of the actual chronic 
erosion and of the effect of current protection measures. Acute erosion is mainly evaluated based on a positive correlation 
between offshore wave heights and water levels. For each stretch of coast, the acute and chronic erosion are both presented 

by a number of �pressure' intervals to simplify interpretation and to make the tool more robust. 
The paper presents the methods, case-specific results, its wider use - scientifically and for management purposes, on-going 
development of the tool e.g. in relation to climate change projections, as well as the on-line presentation at www.kystatlas.dk. 
 
 
A social capital perspective on acceptance of wind turbines 
 Boon, Reimer 
University of Copenhagen, FREDERIKSBERG, Denmark 
 
Denmark has a long tradition of wind energy supply and a substantial wind turbine industry with a turnover of more than 80 
billion Danish kroner in 2013. The new, national target is that Danish electricity and heat supply shall be 100 % based on 
renewable energy by 2035, with a substantial share coming from wind energy, from offshore as well as onshore turbines. 
Whereas there is broad, political and public support towards wind energy, the actual location of wind turbines on land 
increasingly often causes conflict in the affected areas. This means that the successful achievement of the wind energy targets 
depends not only on the technology and investors, but just as much on the planning processes in the affected areas. The 
successful transition to a renewable, wind energy based energy system thus has to be understood in the context of the legal 
and institutional framework surrounding the local planning processes, as well as the actual, local dynamics of these. This paper 
reveals the findings of an empirical study of perceptions and attitudes towards wind turbines in a Danish, rural municipality. 
The term NIMBY (not in my backyard) has often been used to label the phenomenon of local resistance towards location of 
wind turbines. But research also reveals that NIMBY is insufficient to explain the social dynamics at play in the location of wind 
turbines on land. This study takes a new approach. Based on social capital theory, it is found that within the municipality, 
different networks exist, with partly overlapping, - but also partly different forms of trust and norms. These differences add to 
the difficulties of identifying local solutions for location of wind turbines within the municipality, but they also point forward to 
possible solutions. 
 
 
Development of Eco-Design in Bottling System of Bottled Water 
 C.ittipornwong 
Rajabhat Muban Chombueng Univ., RATCHABURI, Thailand 
 
Development of eco-design for balancing socio-economic growth and environmental quality is not new, however, the 
constructive application has not been largely adopted. This paper is thus aimed to provide the evidence-based case using eco-
design for bottled water, with emphasis on the product and process approaches in bottling system. A matrix format between 
the approaches is applied to identify the eco-design success. Three measurable indexes are (i) minimum resource efficiency, (ii) 
maximum resource benefits and (iii) waste and impact reduction. Bottlers who are leading and small brands in Thailand market 
are focused as key informants of in-depth interviews and plants observation. The prominent findings are that the implication 
of eco-design in bottling system is still challenging for bottled water businesses in Thailand, contributions to product and 
process approaches are quite different, and that the way of maximum resource benefits is highly valued over the other two 
indexes. Recycling the waste-bottles is totally declined among the bottlers in Thai market. Either is the improvement of water 
resource efficiency. In conclusion, eco-design shall be a primary stage of responsible industry development among the 
concerns in bottled water businesses in which environmental awareness shall be fully taken. 
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Coastal areas are vital to the continued prosperity of many local and national economies. Large concentrations of human 
population live and work along narrow bands of coastline and many of these areas continue to be developed and built upon, 
despite evident pressures from natural forces including increased storminess, erosion and rising sea levels. This is causing 
many coastal zones to be squeezed out or significantly degraded, with natural coastal defences such as dunes and marshland 
being replaced with hard engineering. It is therefore of crucial importance to monitor the morphology of the coastal zone in 
response to high energy storm events and continued anthropogenic influences. This contribution describes a newly established 
methodology for mapping intertidal waterline elevations using standard marine navigation radar operating at X-band (9.4 
GHz). In the development of this technique, a Kelvin Hughes marine radar was mounted in an elevation position (25 m AMSL) 
on Hilbre Island at the mouth of the River Dee estuary, UK. Ten months of data were used initially from April 2006 - January 
2007, with time-lapse images generated hourly. These image data are used in conjunction with a reliable record of tidal 
elevation to create an elevation map of the intertidal area every two weeks (utilising the spring-neap tidal cycle) with a spatial 
resolution of 5 m. The technique is currently able to derive elevations within 4 km of the radar antenna (with further 
experiments planned to increase the operational range), results show good agreement with a LiDAR survey carried out in 
October 2006, 97.2% of elevation points along the immediate foreshore area lie within 1 m of LiDAR results. Concentrations of 
poor accuracy are located in areas shadowed from the radar where the line of sight is obscured by intervening bedforms. This 
method has a good temporal resolution when compared with traditional manual surveys, is significantly more cost effective 
than airborne LiDAR, is capable of detecting trends in morphological change and is able to supplement video surveillance by 
identifying active areas and enabling better targeting of other monitoring methods. Development of an infrastructure 
independent mobile radar deployment system is underway in partnership with Marlan Maritime Technologies. It is hoped that 
this technique will provide validation bathymetry for models and studies of nearshore hydrodynamics and form an integral 
part of future coastal monitoring infrastructure in both developed areas such as ports, harbours and power stations in addition 
to more remote coastlines. 
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Climate change (CC) poses a serious challenge to environment, social and economic development. Especially large scale 
projects and the environment surrounding the project can be affected by CC and need to be adapted to CC phenomena. 
Experience suggests that the earlier CC aspects are considered, the easier they can be incorporated into the project 
development process, and at least financial cost. 
Thus the research project 'envisage-cc' examines and refers to an early stage of project design and involves key stakeholders of 
the project development. The project elaborates a practical guidance for project developers and practitioners on how to 
consider possible impacts of CC and adaptation responses in design of projects subject to EIA. Climate change-related 
consequences have been identified in different directions: direct and indirect impacts of CC on projects, direct impacts on the 
surrounding environment and changing impacts of projects on the environment; An overview on climate models and regional 
scenarios provided the basis for climate change signals and trends with regards to temperature, precipitation and extreme 
events. These climate change signals were described in detail for different types of projects like: railways, highways, 
waterways, water power plants, urban developments, wind parks, golf courses, ski fields and power grids. Fact-sheets for each 
of the above mentioned type of project were elaborated to systematically explore the effects of climate change. This paper will 
focus on how to provide practical guidance for project developers and practitioners in an early stage of the project design and 
discuss in which phases of the EIA, in theory, consequences of climate change can best be considered, and what are the 
current challenges in practice. 
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Extreme precipitation events (EWEs) are one of the most common type of natural hazards in south Europe, causing yearly a 
significant amount of casualties and noteworthy damages. EWEs have been reported to induce important setbacks and effects 
on transportation infrastructure, hindering vehicle circulation, causing structural damages and affect the safety of travelers. 
The expected increase in frequency of EWEs in the context of climate change, raises concerns regarding the performance of 
protective adaptation measures. 
This work focuses on a series of measures taken to increase the resilience of road networks in Greece against possible climate 
change risks, and their performance during EWEs. The study analyses the performance of different types of adaptation 
measures designed to protect transportation infrastructure and enhance traveler safety from risks arising due to EWEs and 
their possible future increase due to climate change. 
The analysis focuses on six different flash flood-prone catchments in Greece. Adaptation measures are divided in three groups 



depending on their average cost and intervention extent. 
To evaluate performance, the study ranks four types of effects of flash flooding on each type of measure into 5 categories, in 
specific (a) their severity, (b) the time needed for full recovery of the affected infrastructure element, (c) the safety of travelers 
and (d) possible cross-modal effects on other transportation modes. 
Results showed that higher cost measures were more resistant to damages in all six cases. Medium cost measures required 
longer repair time or time to go back to normal functionality. Structural adaptation measures showed better score in traveler 
safety and had smaller effects on other transportation modes. 
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This paper examines rail-sector event management and adaptation strategies identified on the European Commission-funded 
MOWE-IT (Management Of Weather Events In the Transport system) project. The goal of the project was to identify existing 
best practices and to develop methodologies to assist transport operators, authorities and transport system users to mitigate 
the impact of natural disasters and extreme weather phenomena on transport system performance. This paper focuses on the 
expert-led guidelines and recommendations for the improving the resilience of rail operations in extreme weather conditions 
developed during the project. These were informed following an extensive review of previous projects on the impact of 
weather on rail operations including EWENT and WEATHER, which identified case studies of extreme events in three broad 
weather categories; heavy rain, wind and snow/winter conditions. Case studies include floods in the UK in the summer of 
2007, the Kyrill windstorm of January 2007 and the extremely harsh winter of 2009-2010 across most of Europe. 
A number of recommendations and guidelines for the reduction of weather impacts on rail operations were synthesised from 
the experiences reported in the case studies. These are split into long-term planning and resilience building measures and 
actions which can be implemented before, during and after a given event. These include a range of actions including improving 
the resilience of physical infrastructure to specific weather conditions, learning from past events and dealing with affected 
passengers. Recommendations that are specific to the three weather event types were identified, as well as broad 
recommendations that are applicable to most weather-related events. This paper comments on the needs for future research 
and action identified during the course of the project. These include methods for capturing and retaining tacit knowledge of 
individuals within railway undertakings, platforms for sharing information both within institutions and between countries, the 
assessment of cost effectiveness of measures and the prioritisation of adaptation work. 
 
 
Cloudburst adaption in suburb areas - learn from Lystrup, Denmark 
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<i>- A happy beginning to cooperation between stakeholders and a nice example of a full implementation of cloudburst 
adaption with regard to changes in landscape, roads and sewers.</i> 
Often people are surprised when a cloudburst results in severe flooding in areas that were not expected to be vulnerable. This 
was also the case in the suburb of Lystrup, north of the major city of Aarhus in Denmark on August 26

th
 2012. Houses, industry, 

roads and highways were flooded and a considerable number of the 10.000 citizens had a disturbed sleep. This was the start of 
a pilot project in which the water company, the municipal environmental department, municipal and national road 
department along with the local joint council collaborated in order to understand the scope of what happened, what to do and 
how to finance the prevention of a reoccurrence. 
After the flooding, interviews were carried out in order to understand where flooding occurred. At the same time, terrain 
analysis and numerical simulation of precipitation runoff was made. 
When it was understood how the landscape, roads and sewers interacted during the flooding - it was also clear that several 
interventions were needed. Flooding had occurred throughout the town and for very different reasons. 
This resulted in 12 projects that are now being implemented: New cloudburst waterways in modified roads and green areas 
hold onto water and redirect the flow away from buildings and out of town to less vulnerable areas. A dike has been built to 
hold back water on the fields. Basins have been established for storage and delay, and a natural stream has been given a new 
profile to expand its flow capacity. These actions along with general public information is believed to reduce the risk of 
flooding to acceptable levels, moving forward to the year 2100. 
The fruitful collaboration between the different stakeholders cleared the way for a thorough climate adaption of the entire 
town - one of the first in Denmark. Collaboration across the professional and administrative borders was possible right from 
the beginning because of the former work with the water vision 2100. If traditional solutions were undertaken such as 

renewing sewers etc., it would have cost approx. � 37 mio. - but by thinking across borders and using the surface area above 

ground the project was realized for approx. � 4 mio. 
 
 
ARCoES: Adaptation and Resilience of Coastal Energy Supply 
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Our project aims to identify the challenges facing the future security of the UK nuclear energy sector and coastal energy supply 
in the Northwest region as a result of changing patterns of temperature and rainfall, sea-level rise and storms. In particular the 
threats posed to future energy generation and the distribution network by flooding and erosion, changing patterns of coastal 
sedimentation, water temperature and the distribution of plants and animals in the coastal zone. The time horizon for these 
projections is 2500. ARCoES is focusing on developing a decision-support tool that will enable sustainable coastal energy. We 
aim to identify how coastal power stations, substations and distribution grid can be adapted to future climate change impacts 
and thus become more resilient. This cross-disciplinary working and research involves partners and stakeholders from 
academia, the energy and engineering sectors, planners and coastal managers, interest groups, the third sector and 
community networks. 
 
 
Wind Energy as a part of Low-Carbon City initiative and a tool for adaptation to climate change - The Case of Frederikshavn 
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This study addresses the problem of utilizing near-shore wind energy development as a part of low-carbon city initiative and a 
tool for adaptation to climate change. Geographical location of this study is Denmark, as there is a number of local 

communities and small cities, for example Sams� island, already took their chance to benefit from offshore wind energy 
development and integrate wind energy as a tool for adaptation to climate change. The focus is on the case of the municipality 
of Frederikshavn, which already has developed and planned small near-shore demonstration sites. Besides, the city has been 
pin-pointed by Danish Energy Agency as one of the potential sites for large-scale near-shore development. Along with this 
project, the city has two projects that might enhance opportunities for successful integration of wind energy into the low 
carbon city initiative, namely, the port expansion project and the Energy City Frederikshavn project. Investigation of local 
stakeholders interests and stakes related to the potential opportunities has been conducted through semi- structured 
interviews. This method has been chosen because it allows diverse interests, stakes and ideas to emerge during the research 
process. 
The results of the study indicate that project in relation to near-shore wind turbines raised the awareness of local community 
about the potential opportunities. The conclusion is that local community has to play proactive role and cooperate tightly with 
local stakeholders and support establishment of wind energy as a part of low carbon city initiative. Further, the existing near-
shore wind turbine demonstration site and the site under construction provide opportunity to raise local attractiveness and 
invite new investments in wind energy sector. Near-shore development is indicated but not clearly seen as opportunity to 
fulfill the wind energy share in the Energy City Frederikshavn project that is envisioned to transform energy supply of the 
municipality from fossil fuel into green energy by 2030.  
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