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1. Overview of the conceptual framework
Variability and change in the climate state, or climate dynamics, is a key driver of change in social and biogeophysical environments and is modulated by the inherent dynamics of these systems (Figure 1).  The frequency of a climate hazard is altered by a change in the climate state and has measurable impacts on physical and social systems.  The outcomes can be complex, resulting from direct and indirect effects of several climate and non-climate factors.  The level of impact is modulated by the sensitivity and vulnerability of the impacted systems to climate variability and change, and the risk involved is determined by the probability that hazard will occur.  Societal and environmental vulnerability to climate change is a function of the degree of exposure, the sensitivity of the system, and the capacity for adaptation.
2. Definitions of key concepts 
The following section provides some definitions and further discussion of the key elements of the conceptual framework represented in Figure 1.

2.1 Climate dynamics

Climate dynamics is the variability and change of the climate system.  It includes changes in temperature, precipitation, solar radiation and cloud cover, large-scale circulation patterns, wind strength and direction.  
2.2 Climate hazard

A hazard is commonly defined as a phenomenon that has the potential to cause harm.  In terms of climate change, a climate hazard may therefore be any event or change in climate, such as a single extreme event that exceeds a critical temperature threshold, or a complex combination of changes involving multiple climate variables and / or resulting in multiple impacts.  To determine the risk involved with a particular hazard, it is necessary to consider the likelihood or probability of its occurrence.  The risks of climate change or climate hazards are typically defined by criteria (usually thresholds) that link the impacts of climate change to their potential outcomes (Carter et al., 2007).  These thresholds can be defined through research or through stakeholder consultation (Conde and Lonsdale, 2005), and they contribute to the development of a vulnerability framework.  
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Figure 1. Conceptual framework for integrating climate impact assessments

2.3 Impacts

Impacts are measurable outcomes of (or system responses to) climate dynamics and climate hazards, and are typically modulated by changes in biogeophysical and social systems.  Impact categories covered by the case studies in CIRCE might include: health (e.g., mortality due to heat stress; hospital admissions for respiratory disease); tourism (e.g., tourist bed nights; visits to tourist attractions); agriculture (e.g., annual yield for wheat, olives, and grapes); water (e.g., availability of water resources, water quality); energy (e.g., electricity consumption).  Some measurable outcomes are part of a cascade of climate impacts and are therefore also included in the list of potential vulnerability indicators.  Examples of measurable outcomes that are also vulnerability indicators would include morbidity, coastal erosion, and biodiversity.  The Fourth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC AR4) in its definition of climate impacts (IPCC, 2007) makes the distinction between potential impacts and residual impacts:
“Depending on the consideration of adaptation, one can distinguish between potential impacts and residual impacts: 

Potential impacts: all impacts that may occur given a projected change in climate, without considering adaptation.

Residual impacts: the impacts of climate change that would occur after adaptation” 

2.4 Biogeophysical dynamics

Biogeophysical dynamics describes changes and variability of the biological, geochemical, and physical environmental systems.
2.5 Social dynamics

Social dynamics describes changes in social, economic and political systems.  These include changes in population structures, technological developments, changes in financial institutions and regulation bodies.
2.6 Vulnerability
A variety of definitions of vulnerability have been proposed in the climate change literature (e.g., Downing and Patwardhan, 2004; Downing et al., 2005; Adger, 2006; Fussel, 2006).  Common to most is the concept that vulnerability is a function of the exposure and sensitivity of a system to a climate hazard, and the ability to adapt to the effects of the hazard.  For the purposes of this project it seems reasonable to adopt the recent definition developed by WGII of the IPCC fourth assessment report, the consensus of an expert panel of scientists followed by extensive peer review:
“Vulnerability is the degree to which a system is susceptible to, and unable to cope with, adverse effects of climate change, including climate variability and extremes. Vulnerability is a function of the character, magnitude, and rate of climate change and variation to which a system is exposed, its sensitivity, and its adaptive capacity” (IPCC, 2007).”
Adger et al (2004) make a distinction between biogeophysical vulnerability and social vulnerability:
2.6.1 Biogeophysical vulnerability

Indicators of biogeophysical vulnerability to climate change might include:
· Soil quality / soil erosion (agriculture and forestry; landscape);

· Water quality / availability of water (e.g., for agriculture, industry, domestic use);
· Sea level change (agriculture; tourism; industry / settlement);
· Coastal erosion / degradation (tourism / energy facilities);
· Salinisation (agriculture; freshwater);
· Atmospheric; freshwater; marine pollution (ecosystem and human health); and
· Biodiversity (ecosystems; agriculture; landscape).
2.6.2 Social vulnerability
Indicators of social vulnerability might include:
· Health and nutrition (calorie intake; access to health care);
· Physical infrastructure (resilience to severe storms, floods, km of roads)
· Institutions, governance, conflict, and social capital;
· Geographical and demographic factors (population density / growth);
· Dependence on climate sensitive economic sectors such as agriculture, forestry, tourism (% employment by sector);
· Access to natural resources and ecosystems (e.g., water resources per capita); and
· Technical capacity

· Level of education;

See Part II Potential Indicators document for further examples of indicators of vulnerability to climate change relevant to impact sectors and issues.
2.7 Sensitivity

The sensitivity of a system reflects the geographical characteristics (e.g., location and landuse) and the broader physical-socio-economic conditions (or system drivers).  Vulnerability is a function of the sensitivity of the social and physical systems.  The IPCC AR4 (IPCC 2007, Appendix I: Glossary) uses the following definition:
“Sensitivity is the degree to which a system is affected, either adversely or beneficially, by climate variability or change. The effect may be direct (e.g., a change in crop yield in response to a change in the mean, range or variability of temperature) or indirect (e.g., damages caused by an increase in the frequency of coastal flooding due to sea-level rise).” 
One region may be more sensitive to climate change than another as a result of environmental stress, conflict over resources, ineffective management structures and, lack of regulation.  

2.8 Case-study example of a structure for undertaking an integrated assessment of the impacts of climate change on respiratory disease in urban areas.
Key issue related to climate change: Respiratory health in urban areas.

Measurable outcome: Hospital admissions and / or mortality for respiratory disease (e.g., chronic obstructive pulmonary disease, asthma).
Climate hazard: Stationary or slow-moving anticyclonic conditions conducive to the development of severe pollution episodes in urban areas.  High levels of irradiance may be a secondary hazard for the formation of ground-level ozone in urban areas.  The development of an urban heat island (UHI) may promote secondary chemical reactions and further compromise the health-status of vulnerable individuals.
Biogeophysical dynamics: indicators of air pollution episodes (concentrations of O3, NOx, CO, PM10)

Risk: Determine the probability of the climate hazards and any critical thresholds with respect to respiratory hospital admissions and / or mortality.
Cross-cutting issue: interrelationship between climate and atmospheric pollution.

Social dynamics / vulnerability: Indicators might include:
· Population density / growth (influence level of exposure)

· Vehicular emissions (influence the level of exposure)

· Industrial emissions (influence the level of exposure)

· Health status (e.g., proportion of the population with pre-existing respiratory disease, a measure of social vulnerability)

· Access to healthcare (indicator of social vulnerability)
Adaptation / mitigation options:

· Early warning systems for severe pollution incident
· Integrated health and social care systems

· Congestion policies and restrictions on vehicular traffic in urban areas

· Regulation of industrial emissions
· Urban infrastructure planning (i.e., planning city morphology to offset UHI and pollution)
· Planning policies related to location of new industry upwind of urban areas
· Technological change, e.g., ‘cleaner’ industrial processes.

Cross-sectoral issues: Cascades of impacts could be considered, for example, the indirect effects of air-pollution and consequential deleterious health effects on the attractiveness of a city as a tourist destination.  While restrictive emissions and planning regulation policies may detract economic investment from an urban area, ‘cleaner’ atmospheric conditions may generate new economic opportunities and investment enhance tourism and retirement migration, and improve the health status and general well-being of the population.
3. Key concepts of CCIAV assessments
This section expands the key concepts introduced in Section 2 to explore potential methods and tools for climate change impact adaptation and vulnerability (CCIAV) assessments for the Mediterranean case studies.

3.1 Impact and vulnerability assessments

The IPCC AR4 (IPCC, 2007) defines impact and vulnerability assessments as:

“The practice of identifying and evaluating, in monetary and/or non-monetary terms, the effects of climate change on natural and human systems”

Key components of impact and vulnerability assessments include:

· Identification of the climate-sensitive resources of the region / city.

· Implementation of a vulnerability assessment, e.g., Adger, 2006.

· Understanding current climate risks as a basis for assessing future risks (Carter et al., 2007; 2.3.2); future risks are largely scenario-driven.

· Modelling impacts (direct / indirect) as a function of climate dynamics (current / future), system vulnerability and exposure.  An indicators approach can be used to represent each element of the model.

3.2 Coping range
Coping ranges can be defined in terms of “the capacity of systems to accommodate variations in climatic conditions” (de Loe and Kreutzwiser, 2000; Smith et al., 2001).  This concept has been expanded to include adaptation and policies (Yohe and Tol, 2002; Willows and Connell, 2003; UNDP, 2005) and serves as a useful framework for understanding the broader relationships between climate hazards and society, and as a discussion tool for use in stakeholder dialogue.  Thresholds define the limits of the coping range (Figure 2), beyond these critical thresholds the outcomes are no longer tolerable, and a vulnerable state is entered.  The probability of exceeding the critical thresholds can be used to quantify the risk for a given climate state.  The coping range is flexible.  Although climate change can increase the risk of exceeding a threshold, and other system drivers such as environmental degradation and population pressure may constrict the coping range, adaptation can expand the coping range and thus lower the risk.
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Figure 2. Idealised version of a coping range showing the relationship between climate change and threshold exceedance, and how adaptation can establish a new critical threshold, reducing vulnerability to climate change (Carter et al., 2007 p143, modified from Jones and Mearns, 2005).
3.3 Integrated impact assessment

The IPCC AR4 (IPCC, 2007) defines an integrated impact assessment as:

 “An interdisciplinary process of combining, interpreting and communicating knowledge from diverse scientific disciplines so that all relevant aspects of a complex societal issue can be evaluated and considered for the benefit of decision-making.”

For the Mediterranean case studies, integration in this sense represents an integrated process of assessment across multiple impact sectors (e.g., agriculture, water management, tourism) for multiple stressors (e.g., climate change, sea level rise, and environmental degradation).  The objective of the integrated assessment is to provide a means of synthesising CCIAV multiple sector results at a sub-national level for policy-makers and stakeholders (e.g., Toth et al., 2003 a & b).  It may be useful to take a multiple stressors approach in which the integrated impacts of a broad range of environmental and social stressors, of which climate change is only one, are considered.  Coupling of two or more drivers, such as climate change and air pollution (Alcamo et al., 2002), may yield results that might not be achieved when each is viewed in isolation.  Consideration will be given to separating impacts related to climate change from those related to non-climate stressors.  A further objective will be to place the integrated assessment of climate impacts within a risk management framework.  

3.4 Risk management and management of uncertainties 

3.4.1 Risk management framework

Risk management is defined as the culture, processes and structures directed towards realising potential opportunities whilst managing adverse effects (AS/NZS, 2004).  Generally, risk is measured (quantitatively or qualitatively) as the joint probability of an event and its consequences (Figure 3).  The risk management approach has been summarised by Nakićenović et al. (2007) and incorporates the following elements and objectives:
· A useful framework for decision-making (Carter et al., 2007; see 2.2.6).

· Does not rely on a single realisation of future climate (Carter et al., 2007: Sections 2.4.6.4, 2.4.6.5).

· Potential utilisation of regionalisation methods for climate and socio-economic scenarios (Carter et al., 2007: 2.4.6.1 to 2.4.6.5).

· Use of both top-down and bottom-up approaches.

· Examination of adaptive capacity and adaptation measures (Smit and Wandel, 2006)

· Evaluation of climate policy decisions (Carter et al., 2007: 2.4.6.8; 2.4.7; 2.4.8).

· Direct links to mitigation analysis (Nakićenović et al., 2007).
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Figure 3. Synthesis of risk-management approaches to global warming. The left side shows the projected range of global warming from the TAR (bold lines) with zones of maximum benefit for adaptation and mitigation depicted schematically. The right side shows likelihood based on threshold exceedance as a function of global warming and the consequences of global warming reaching that particular level based on results from the TAR. Risk is a function of probability and consequence. The primary time horizons of approaches to CCIAV assessment are also shown (taken from Carter et al., 2007 p140; modified from Jones, 2004).
The following are common steps identified in risk-management frameworks (Carter et al., 2007):

· Risk Identification: Identification of who and what is at risk, key climate and non-climate stressors contributing to the risk, levels of acceptable risk.

· Risk Analysis: Analysis of the consequences and probability of these events.

· Risk Evaluation: Appraise / prioritise adaptation and/or mitigation options.  

· Risk Treatment: Test selected adaptation and / or mitigation options, monitor and re-evaluate (e.g., using an adaptation tool kit).

Several risk-management frameworks have been devised for climate change, impact and vulnerability assessments (e.g., Jones, 2001; Willows and Connell, 2003; UNDP, 2005).  National frameworks have been developed to construct national adaptation strategies, such as for the UK (Willows and Connell, 2003; Figure 4). The UN’s Development Programme APF (UNDP 2005: Adaptation Policy Framework) outlines a policy-based approach which examines the effectiveness of present day policy and plans for climate change within a risk-management framework.  The focus of the approach is on vulnerability and adaptation.
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Figure 4. Decision-making framework for climate adaptation strategies (Willows and Connell, 2003).

3.4.2 Managing uncertainty in the risk management framework

Uncertainty is defined by the IPCC AR4 (IPCC, 2007) as…

“an expression of the degree to which a value (e.g., the future state of the climate system) is unknown. Uncertainty can result from lack of information or from disagreement about what is known or even knowable. It may have many types of sources, from quantifiable errors in the data to ambiguously defined concepts or terminology, or uncertain projections of human behaviour. Uncertainty can therefore be represented by quantitative measures (e.g., a range of values calculated by various models) or by qualitative statements (e.g., reflecting the judgement of a team of experts)”

The following are important aspects of the management of uncertainty in climate impacts and vulnerability assessments:
· Identification of a wide range of uncertainties, extending from estimates of emissions through to impacts.

· The use of probabilistic approaches as a useful means of managing uncertainties (Jones and Mearns, 2005).

· Participation of stakeholders (Section 3.7) can improve the likelihood of successful adaptation (McKenzie Hedger et al., 2006). 
3.4.3 Communication of uncertainty and risk

Effective risk-management strategies can results from a participatory approach in which experts explain risks and uncertainties and stakeholders explain their decision-making criteria (e.g., Jacobs, 2002).  Visual tools can aid the communication of impacts, vulnerability, adaptation and, uncertainties (e.g., Aggarwal et al., 2006). 
The move towards probabilistic climate change projections which aim to represent many of the modelling and scientific uncertainties is consistent with a risk-based approach to decision making. The next national UK climate scenarios, UKCIP08, will, for example, be probabilistic (http://www.ukcip.org.uk/scenarios/ukcip08/) and probabilistic projections are being developed in the ENSEMBLES integrated project (http://www.ensembles-eu.org/ and http://www.cru.uea.ac.uk/projects/ensembles/ScenariosPortal/). This move does, however, raise many technical and communication challenges for both developers and users of climate projections (Goodess et al., 2007a and b SKCC Briefing Papers 1 and 2).

It is anticipated that the RL11 Briefing notes, Information Sheets, and Web pages will facilitate the communication of uncertainty and risk in the integrated case studies by adopting a similar approach to that outlined in Section 3.4.
3.5 Assessment of adaptive capacity and adaptation options

Numerous definitions of the concepts of adaptation and adaptive capacity are found in the climate change literature.  The following definitions are those adopted by the IPCC AR4 WGII:
Adaptation:

Adaptation as a term has its origins in the natural sciences, and more specifically evolutionary biology.  With respect to climate change, the IPCC (2007) defines adaptation as:

“Adjustment in natural or human systems in response to actual or expected climatic stimuli or their effects, which moderates harm or exploits beneficial opportunities. Various types of adaptation can be distinguished, including anticipatory, autonomous and planned adaptation:

Anticipatory adaptation – Adaptation that takes place before impacts of climate change are observed. Also referred to as proactive adaptation.

Autonomous adaptation – Adaptation that does not constitute a conscious response to climatic stimuli but is triggered by ecological changes in natural systems and by market or welfare changes in human systems. Also referred to as spontaneous adaptation.

Planned adaptation – Adaptation that is the result of a deliberate policy decision, based on an awareness that conditions have changed or are about to change and that action is required to return to, maintain, or achieve a desired state”.
Adaptive capacity:

Adaptive capacity is closely associated with the concepts of adaptability, robustness and stability, and operates on different scales in time and space.  It is defined by the IPCC (2007) as:

“The ability of a system to adjust to climate change (including climate variability and extremes) to moderate potential damages, to take advantage of opportunities, or to cope with the consequences.”

A system has high adaptive capacity if it is able to react or cope swiftly and easily to the effects of climate change.  Adaptations are the manifestations of adaptive capacity (Smit and Wandel, 2006).   
Adaptation assessment:

An adaptation assessment is defined by the IPCC (2007) as:

“The practice of identifying options to adapt to climate change and evaluating them in terms of criteria such as availability, benefits, costs, effectiveness, efficiency and feasibility.”
An indicator based study (e.g., Moss et al., 2001; Yohe and Tol, 2002; Brookes et al., 2005; Haddad, 2005) is one of several approaches used in adaptation assessment (Carter et al., 2007: 2.2.3).  Targeted indicators can be aggregated to assess the relative adaptive capacity or vulnerability of a community, region or nation.  In the CIRCE project a set of indicators of environmental and social vulnerability and sustainability will be selected (See Part I: Proposed method for the selection of CIRCE indicators. First draft; Part II: Potential indicators. First draft).  The constructed indicators will cover a range of physical and social categories relevant to climate change in the Mediterranean, and will be made available via the RL11 case-study web portal.  It is anticipated that collaboration with RL12 Relevant Societal Dynamics, RL13 Induced Responses and Policies, and regional stakeholders will enable potential adaptation measures to be identified and evaluated.  
A recent example of an adaptation assessment is provided by Smit and Wandel 2006.  Their approach focused on the processes by which adaptation options are implemented or adaptive capacity enhanced, and is referred to as ‘practical adaptation’.  In this method, adaptations are largely integrated or ‘mainstreamed’ (Huq and Burton, 2003) into existing programs of resource management, disaster preparedness and sustainable development.  For the CIRCE case-studies, a practical application might be to evaluate the risks of climate change within existing decision-making frameworks, regional projects and policies associated with, e.g., coastal zone management and sustainable development, and to identify specific adaptation options tailored to regional issues.
Some common steps can be identified within adaptation assessment (adapted from Carter et al., 2007):

1. Engage stakeholders;

2. Examine current adaptations to climate variability and extremes;

3. Assess adaptive responses to future climate change;

4. Assess limits of adaptation (e.g., costs, resources);

5. Assess ‘barriers’ to adaptation, e.g.,  in legislation;

6. Link adaptation to sustainable development; and

7. Address uncertainty in decision making.

3.6 Assessment of potential mitigation options

Mitigation has been defined in the IPCC AR4 (Metz et al., 2007) as:

“Technological change and substitution that reduce resource inputs and emissions per unit of output. Although several social, economic and technological policies would produce an emission reduction, with respect to climate change, mitigation means implementing policies to reduce GHG emissions and enhance sinks.”
The appropriate type and level of mitigation on a cost-benefit basis involves an iterative risk-management process and is intrinsically linked to decision-making along development channels (Figure 4).  The cost of mitigation is considered alongside the benefits of adaptation and the damaging impacts of climate change using an integrated assessment approach (Mills, 2003; Fisher et al., 2007).  This shift in attention to consider the synergy between adaptation and mitigation within a risk-management framework has been outlined in a SKCC position paper on Linking adaptation and mitigation strategies with particular reference to urban studies (Walsh and Hall, 2007). 
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Figure 4. The Iterative Nature of the Climate Policy Process (Fisher et al., 2007)
Adjustments to land-use systems are considered a key constituent of long-term strategies to mitigate climate change.  Changes to land cover have the potential to reduce GHG emissions, increase carbon sequestration into soils and plants, and generate biomass fuel alternatives for fossil fuels (e.g., Hoogwijk et al., 2005).  Climate policies for reducing emissions of GHG will have ancillary benefits to air pollution and human health (e.g., Alcamo, 2002; Mayerhofer et al., 2002, OECD, 2003; Smith and Wigley, 2006).  Technologies have an important role in long-term mitigation and stabilisation of GHG emissions (e.g., Placet et al., 2004) particularly in relation to the cost and timing of emission abatement (Hourcade and Shukla, 2001).  
Within the CIRCE project, mitigation strategies will be identified using top-down (scientific analysis) and iterative bottom-up (using regional stakeholder consultation) approaches for case-study areas in European, North African and Middle Eastern locations (RL11, RL13).  Mitigation options should be assessed in the context of a scientific understanding of changes in natural and social systems.  For example, an understanding of likely climate driven changes in soil and runoff water availability will have different implications for water stress mitigation strategies (WP5.1 Analysis of changes in atmospheric water budget).  The mitigation potential of carbon sequestration in agricultural soils and forests at a regional level will be explored in RL7 Impacts of global change on ecosystems and the services they provide.  An integrated assessment approach to carbon sequestration (agricultural soils, forestry, natural ecosystems) will be considered as part of the rural case study for the Judean Hills, in Israel (WP11.4).  The mitigation cost and effectiveness of alternative policy options will be evaluated for the energy sector (WP10.7) and will provide valuable information for policy makers.  The urban case studies (WP11.3) will work with stakeholders (e.g., health and civil protection agencies, power companies, national and regional environmental agencies) to identify and explore practical and specific adaptation and mitigation measures across multiple sectors.  In parallel, rural and coastal case studies (WP11.4 and WP11.5) will identify adaptation and mitigation options in collaboration with rural stakeholders (e.g., farmers’ consortia and wine producers, local and regional agencies and rural communities) and coastal stakeholders (e.g., fisherman’s guilds, river and coastal authorities, and regional and national agencies).  The mitigative capacity of a region will be grounded in the regional and national sustainable development path (Metz et al., 2007). 
3.7 Stakeholder involvement

A stakeholder is referred to by the IPCC (2007) as “a person or an organisation that has a legitimate interest in a project or entity, or would be affected by a particular action or policy”.
There has been a move away from research-driven agendas towards decision-making agendas and the participation of stakeholders in CCIAV (Wilby et al., 2004a; UNDP 2005; Carter et al., 2007: 2.2.1).  In risk-management frameworks, consultation with stakeholders is viewed as a crucial and overarching activity (Renn, 2004; UNDP 2005; Carter et al., 2007 2.3.2).  Stakeholders can be a catalyst for change in the development of adaptive capacity, by strengthening people networks, knowledge building, underpinning resources, and promoting willingness to finding solutions (Cohen 1997; Ivey et al., 2004).  Stakeholder engagement is also central to the assessment of future requirements for policy development and the identification and evaluation of adaptation options (Nadarajah and Ranking, 2005) and sustainability (Kasemir et al., 2003; Welp et al., 2006a and b).  
Within the scientific discourse of the CIRCE project a methodology will be developed to take into account stakeholders needs, priorities and questions.  Indeed, the active inclusion of the stakeholder community is viewed as a prime consideration in producing the regional assessment for climate change in the Mediterranean.  Stakeholder consultation underlies several of the research themes, in particular the development of indicators of vulnerability and sustainability (RL11 Integrating case studies), the assessment of risk management practices and their implications for climate risks (WP12.5), training practitioners in dealing with the risks of climate change (WP12.6), identifying and prioritising adaptation options to climate change (WP13.2), the socio-economic impacts of climate changes on livestock husbandry (WP13.3 and RL12), the development of sustainable strategies for the Mediterranean (WP13.5), policies and strategies for reducing health impacts (WP9.1), and the valuation of ecosystems in the context of different stakeholders (WP10.8).  For other research lines, exchange and meetings will be held to inform stakeholders and analyse policy implications, (e.g., for water stress adaptation and mitigation policies – WP5.1; emission policy implications – RL4). 
3.8 Sustainable development 

Sustainable development has been defined in the IPCC AR4 (IPCC, 2007) as:

“Development that meets the cultural, social, political and economic needs of the present generation without compromising the ability of future generations to meet their own needs.”

Climate change policies, vulnerability and sustainable development are intrinsically linked.  Where climate change policies are properly defined they form a fundamental basis for sustainable development and comprise a mutually reinforcing system (Halsnæs et al., 2007).  The processes of sustainable development can reduce greenhouse gas emissions and vulnerability to climate change.  For example, some societies in arid regions are becoming increasingly resilient through the use of indigenous knowledge (Abou-Hadid and Ayman, 2006; Osman-Elasha et al., 2006).  However, the projected impacts of climate change can accentuate social and environmental problems and undermine sustainable development.  The potentially negative impacts of climate change may be offset by global mitigation efforts thus enhancing sustainable development (Halsnæs et al., 2007, Sathaye et al., 2007).  
One of CIRCE’s aims is to “contribute with science and knowledge towards a better understanding of how to target long range sustainable development policies” (CIRCE Description of Work).  Within CIRCE, several research lines and work packages plan to evaluate the sustainability of existing systems and contribute to the development of sustainable development policies for particular sectors.  Examples include, the evolution and sustainability of livestock farming systems (WP7.2 Climate change impacts on forests, agriculture, food products and livestock production) and sustainable water management (WP5 Water cycle).  The CIRCE Integrating case studies (RL11) will address multi-sector climate change impacts, adaptation and vulnerability using 11 case studies for three generic case-study categories (urban, rural and coastal).  As part of this approach, a common framework will be developed that will include a set of quantitative environmental vulnerability and sustainability indicators developed specifically for the Mediterranean environment for present and scenario periods.  The 34-priority sustainability indicators developed for the Mediterranean as part of the Blue Plan act as a useful starting point (Benoit and Comeau, 2005; Anitopolis, 2006).  A further research line (RL12 Relevant Societal Dynamics) will identify sustainable development policies of relevance to climate impact assessment.  Mediterranean development policies towards sustainable management, such as the sustainable management of scarce water resources, are rather limited or inadequate especially in those regions suffering water stress.  Finally, several work packages assess sustainability issues in Induced Responses and Policies (RL13).  In particular, sustainable concepts form part of the Integrated management of the vulnerability to climate change in touristic coastal zones (WP13.4), and is the focus of WP13.4 Sustainable strategies for the Mediterranean Region. A conceptual framework for implementing a “climate change related sustainability criteria” for the Mediterranean will be developed, and induced policy recommendations will be outlined for natural ecosystems, agriculture, health, and urban development.  
4. Common methodologies and tools for the CIRCE Mediterranean case studies
This section draws together elements of the CCIAV assessments discussed in Section 2, to propose a common approach for the regional case studies.  Central to this approach, will be the use of a set of quantitative environmental, vulnerability and sustainability indicators (discussed in the Draft potential indicators document Parts I and II), stakeholder participation, and the consideration of adaptation and mitigation measures.  
4.1 Key steps

· Identify key research issues (criteria: vulnerability to climate change; high level of exposure to climate hazards). Top-down approach
· Identify the stakeholder community (assess key climate change issues related to the decision-making process).  Bottom-up approach.
· Define the scope of the integrative assessment (key system drivers / stressors, key impact sectors, linkages, combined effects and cross-sector feedbacks).

· Design conceptual model for each case study based on the framework outlined in Section 2.

· In consultation with relevant project research lines, compile draft list of quantitative indicators for climate hazards, sector impacts, social vulnerability, and biogeophysical vulnerability and dynamism. 

· Circulate widely (project partners and stakeholders in later iterations) the draft indicator list for comment.  This will involve several iterations.
· Assess data availability and where appropriate, the potential for field collection of data.

· Revise and agree the final list of indicators.

· Collect and compile databases for the agreed set of indicators, and create a metadata catalogue.

· Evaluate the risks of specific climate hazards (current and future) using a probabilistic approach.

· Assess impacts as a function of the risk of climate hazards, social and biogeophysical indicators and cross-sector impacts.
· Identify coping ranges and critical thresholds (previous research / expert knowledge).

· Regional stakeholder consultation through workshops.

· Identify adaptation and mitigation options in collaboration with RL13 and stakeholders.

· Evaluate effectiveness of adaptation and mitigation measures across sector impacts (including cross-cutting issues).  Test the adaptation toolkit developed in RL13
· Draft policy relevant information for the study area (translated into local languages where appropriate).

· Finalise policy relevant recommendations for adaptation and mitigation strategies (translated into local languages where appropriate).
Acknowledgements

CIRCE (Climate Change and Impact Research: the Mediterranean Environment) is funded by the Commission of the European Union (Contract No 036961 GOCE) http://www.circeproject.eu/. 

References
Abou-Hadid and Ayman F. (2006):Assessment of Impacts, Adaptation, and Vulnerability to Climate Change in North Africa: Food Production and Water Resources Final Report. AIACC, http://www.aiaccproject.org/Final%20Reports/final_reports.html (Accessed Dec 2007)

Adger, W.N. (2006) Vulnerability. Global Environmental Change 16 (2006) 268–281

Adger, W.N., Brooks, N., Bentham, G., Agnew, M. and Eriksen, S. (2004) New indicators of vulnerability and adaptive capacity. Tyndall Centre for Climate Change Research, Technical Report 7. http://www.tyndall.ac.uk/research/theme3/final_reports/it1_11.pdf
Aggarwal, P.K., N. Kalra, S. Chander and H. Pathak, 2006: InfoCrop: a dynamic simulation model for the assessment of crop yields, losses due to pests and environmental impact of agro-ecosystems in tropical environments – model description. Agr. Syst., 89, 1-25.

Ahmad QK, Warrick RA, Downing TE, Nishioka S, Parikh KS, Parmesan C, Schneider SH, Toth F and Yohe G (2001). Methods and Tools. Climate Change 2001: Impacts, Adaptation, and Vulnerability.  Contribution of II to the Third Assessment Report of the Intergovernmental Panel on Climate Change.  McCarthy JJ,Canziani OR, Leary NA, Dokken DJ and White KS (eds.) Cambridge University Press, Cambridge pp 105-143.

Alcamo J, Mayerhofer P, Guardans R, van Harmelen T, van Minnen J, Onigkeit J, Posch M and de Vries B. (2002). An integrated assessment of regional air pollution and climate change in Europe: findings of the AIR-CLIM project. Environ. Sci. Policy 4: 257-272.

Alcamo, J. (ed.), 2002: Linkages between regional air pollution and climate change in Europe. Environmental Science & Policy, 5(4), pp. 255-365.

Anitopolis S. 2006. Methodological sheets of the 34 priority indicators for the “Mediterranean Strategy for Sustainable Development” Follow-up. Working document. Blue Plan regional Activity Centre. http://www.planbleu.org/publications/fiches_indicateurs_smdd_uk.pdf
AS/NZS (2004). Risk Management. Australian/New Zealand Standard for Risk Management, AS/NZS 4360:2004. 38 pp.

B. Metz, B.; O.R. Davidson, P.R. Bosch, R. Dave, L.A. Meyer (eds) 2007. Climate Change 2007: Mitigation. Contribution of Working Group III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.
Benoit G., Comeau A. (Eds.). (2005). A Sustainable Future for the Mediterranean: The Blue Plan's Environment and Development Outlook, Earthscan, Sterling, Virginia. 450pp.

Brooks N, Adger WN, Kelly PM (2005) The determinants of vulnerability and adaptive capacity at the national level and the implications for adaptation. Global Environmental Change – Human and Policy Dimensions 15(2): 151-163. 

Cardona OD (2003) The need for rethinking the concepts of vulnerability and risk from a holistic perspective: a necessary review and criticism for effective management. In: Bankoff G, Frerks G, Hilhorst D (Eds.) Mapping Vulnerability: Disasters, Development and People. Earthscan, London (Ch 3).

Carter, T.R., R.N. Jones, X. Lu, S. Bhadwal, C. Conde, L.O. Mearns, B.C. O’Neill, M.D.A. Rounsevell and M.B. Zurek, (2007) New Assessment Methods and the Characterisation of Future Conditions. Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, M.L. Parry, O.F.  Canziani, J.P. Palutikof, P.J. van der Linden and C.E. Hanson, Eds., Cambridge University Press, Cambridge, UK, 133-171.

Cohen, S.J., 1997: Scientist-stakeholder collaboration in integrated assessment of climate change: lessons from a case study of Northwest Canada. Environ.Model. Assess., 2, 281-293.

Conde, C. and K. Lonsdale, 2005: Engaging stakeholders in the adaptation process. Adaptation Policy Frameworks for Climate Change:Developing Strategies, Policies and Measures, B. Lim, E. Spanger-Siegfried, I. Burton, E. Malone and S. Huq, Eds., Cambridge University Press, Cambridge and New York, 47-66.

De Loe RC and Kreutzwiser R (2000) Climate variability, climate change and water resource management in the Great Lakes. Climatic Change 45: 163-179.

Downing, T.; Patwardhan, A.; Klein, R.; Mukhala, E.; Stephen, L.; Winograd, M.; Ziervogel, G. (2005). Assessing Vulnerability for Climate Adaptation, Chapter 3, In: Lim, B.; Spanger-Siegfried,E. (eds). Adaptation Policy Framework for Climate Adaptation: Developing Strategies, Policies and Measures. UNDP, Camdridge University Press, Cambridge, UK. p. 61-90.
Downing, T.E., Patwardhan, A., (2004). Assessing vulnerability for climate adaptation. Technical Paper 3, UNDP Adaptation Policy Framework. Online: [image: image6.png]




 HYPERLINK "http://www.sciencedirect.com/science?_ob=RedirectURL&_method=externObjLink&_locator=url&_plusSign=%2B&_targetURL=http%253A%252F%252Fwww.undp.org%252Fcc%252Fapf.htm" \t "externObjLink" http://www.undp.org/cc/apf.htm

 INCLUDEPICTURE "http://www.sciencedirect.com/scidirimg/entities/232a.gif" \* MERGEFORMATINET [image: image7.png]



Fisher, B.S., N. Nakicenovic, K. Alfsen, J. Corfee Morlot, F. de la Chesnaye, J.-Ch. Hourcade, K. Jiang, M. Kainuma, E. La Rovere, A. Matysek, A. Rana, K. Riahi, R. Richels, S. Rose, D. van Vuuren, R. Warren, (2007) Issues related to mitigation in the long term context, In Climate Change 2007: Mitigation. Contribution of Working Group III to the Fourth Assessment Report of the Inter-governmental Panel on Climate Change [B. Metz, O.R. Davidson, P.R. Bosch, R. Dave, L.A. Meyer (eds)], Cambridge University Press, Cambridge

Füssel H-M (2007b) Vulnerability: a generally applicable conceptual framework for climate change research. Glob Environ Change 17:155–167 
Füssel H-M, Klein RJT (2006) Climate change vulnerability assessments: an evolution of conceptual thinking. Clim Change 75(3):301–329

Füssel H-M. (2005) Vulnerability in Climate Change Research: A Comprehensive Conceptual Framework. University of California International and Area Studies: Breslauer Symposium Paper 6, University of California, California, USA 34pp.

Goodess C (2007a) SKCC Briefing Paper 1: Probabilistic climate information for the built environment and infrastructure.  SKCC Sustaining Knowledge for a Change Climate http://www.k4cc.org/events/copy_of_0workshops/SKCC%20briefing%20paper%201.pdf
Goodess C (2007b) SKCC Briefing Paper 2: Applying probabilistic climate information for the built environment and infrastructure – the issues and challenges.  SKCC Sustaining Knowledge for a Change Climate http://www.k4cc.org/events/copy_of_0workshops/SKCC%20briefing%20paper%202.pdf
Haddad BM (2005) Ranking the adaptive capacity of nations to climate change when socio-economic goals are explicit.  Global Environmental Change 15: 165-176.

Halsnæs, K., P. Shukla, D. Ahuja, G. Akumu, R. Beale, J. Edmonds, C. Gollier, A. Grübler, M. Ha Duong, A. Markandya, M. McFarland, E. Nikitina, T. Sugiyama, A. Villavicencio, J. Zou, 2007: Framing issues. In Climate Change 2007: Mitigation. Contribution of Working Group III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change [B. Metz, O. R. Davidson, P. R. Bosch, R. Dave, L. A. Meyer (eds)], Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA

Hoogwijk MA, Faaji B, Eickhout B de Vries and Turkenburg W. 2005. Potential of biomass energy out to 2100, for four IPCC SRES land-use scenarios. Biomass and Bioenergy, 29(4): 225-257.

Hourcade, J.-C. and P. Shukla, 2001: Global, regional and national costs and ancillary benefits of mitigation. In Climate change 2001: Mitigation. Contribution of Working Group III to the Third Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge MA, pp. 702.
Huq S and Burton I (2003) Funding Adaptation to Climate Change: What, Who and How to Fund. Sustainable Development Opinion. IIED, London.

Ionescu C, Klein RJT, Hinkel KS, Kavi Kumar (2005). Towards a Formal Framework of Vulnerability to Climate Change. NeWater Working Paper 2 and FAVAIA Working Paper 1, Potsdam Institute for Climate Impact Research, Potsdam, Germany, ii+20 pp.

Ivey, J.L., J. Smithers, R.C. de Loë and R.D. Kreutzwiser, (2004) Community capacity for adaptation to climate-induced water shortages: linking institutional complexity and local actors. Environ. Manage., 33, 36-47. 
Jacobs, K., (2002) Connecting Science, Policy and Decision-making: A Handbook for Researchers and Science Agencies.NOAAOffice ofGlobal Programs,Washington, DC, 30 pp.

Jones RN (2001) An environmental risk assessment/management framework for climate change impact assessments. Natural Hazards 23(2-3): 197-230.

Jones RN (2004). Managing climate change risks. The Benefits of Climate Policies: Analytical and Framework Issues, Corfee Morlot J and Agrawala S, Eds., OECD, Paris, 251-297.

Jones, R.N. and L.O. Mearns, 2005:Assessing future climate risks. Adaptation Policy Frameworks for Climate Change: Developing Strategies, Policies andMeasures, B. Lim, E. Spanger-Siegfried, I. Burton, E. Malone and S. Huq, Eds., Cambridge University Press, Cambridge and New York, 119-143.

Kasemir, B., Jäger, J., Jaeger, C.C., Gardner, M. (eds) (2003) Public Participation in Sustainability Science. C.U.P., Cambridge

Kelly PM, Adger WN (2000) Theory and practice in assessing vulnerability to climate change and facilitating adaptation. Climatic Change 47: 325-352.

Lorenzoni I, Jordan A, Hulme M, Turner RK, O’Riordan T. (2000). A co-evolutionary approach to climate change impact assessment: Part I. Integrating socio-economic and climate change scenarios. Global Environmental Change-Human and Policy Dimensions 10(1): 57-68.

Luers AL (2005) The surface of vulnerability: An analytical framework for examining environmental change. Global Environmental Change – Human and Policy Dimensions 15(3): 214-223. 

Luers AL, Lobell DB, Sklar LS, Addams CL, Matson PA (2003) A method for quantifying vulnerability, applied to the Yaqui Valley, Mexico. Global Environmental Change 13: 255-267.

Mayerhofer, P., B. de Vries, M.G.J. den Elzen, D.P. van Vuuren, J. Onigkeit, M. Posch, and R. Guardans, 2002: Long-term, consistent scenarios of emissions, deposition and climate change in Europe. Environmental Science and Policy, 5(4), pp. 273-305.

McKenzie Hedger, M., R. Connell and P. Bramwell, 2006: Bridging the gap: empowering adaptation decision-making through the UK Climate Impacts Programme. Clim. Policy, 6, 201-215.

Mills, E., Climate change, insurance and the buildings sector: technological synergisms between adaptation and mitigation. Building Research and Information, 31, p.257-277, 2003.

Moss RH, Brenkert AL, Malone EL. (2001). Vulnerability to climate change: A quantitative approach.  Pacific Northwest National Laboratory, Richland, Washington.  

Nadarajah, C. and J.D. Rankin, 2005: European spatial planning: adapting to climate events. Weather, 60, 190-194.

Naess LO, Norland IT, Lafferty WM, Aall C. (2006) Data and processes linking vulnerability assessment to adaptation decision-making on climate change in Norway. Global Environmental Change – Human and Policy Dimensions 16(2): 221-233.

Nakićenović N, Fisher B, Alfsen K, Corfee Morlot J, sw la Chesnaye F, Hourcade J-C, Jiang K, Kainuma M. La Rovere EL, Rana A, Riahi K, Richels R, van Vuuren DP, Warren R (2007) Issues related to mitigation in the long-term context. Climate Change 2007: Mitigation of Climate Change. Contribution of Working Group III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, Metz B, Davidson O, Bosch P, Dave R and Meyer L (Eds.), Cambridge University Press, Cambridge, UK.

O’Brien K, Eriksen S, Schjolen A, Nygaard L (2004). What’s in a Word? Conflicting interpretations of vulnerability in climate change research. CICERO Working Paper 2004:04, CICERO, Oslo University, Oslo, Norway.

OECD, 2000: Ancillary benefits and costs of greenhouse gas mitigation. Organisation for Economic Co-operation and Development Proceedings of an IPCC co-sponsored workshop in Washington DC, 27-29 March 2000, OECD Publishing, Paris.

OECD, 2003: Organisation for Economic Co-operation and Development Workshop on the benefits of climate policy: improving information for policy makers. 12-13 December 2002, OECD Publishing, Paris.

Osman-Elasha, B. Goutbi N., Spanger-Siegfried E., Dougherty B., Hanafi A., Zakieldeen S., Sanjak A., Atti H.A. and Elhassan H.M. (2006) Adaptation strategies to increase human resilience against climate variability and change: Lessons from the arid regions of Sudan.  AIACC Working Paper No. 42, 41pp. http://www.aiaccproject.org/working_papers/working_papers.html (Accessed Dec 2007)

Peilke Sr., RA, Bravo de Guenni L. (2003). How to evaluate vulnerability in changing environmental conditions? In: Kabat P, Claussen M, Dirmeyer PA, Gash HJC, Bravo de Guenni L, Meybeck M, Pielke Sr, RA, Vorosmarty CJ, Hutjes RWA, Lutkemeyer S (Eds.), Vegetation, Water, Humans and the Climate: A New Perspective of an Interactive System. Springer, Berlin (Chapter E).

Placet, M., K.K. Humphreys, and N.M. Mahasean, 2004: Climate change technology scenarios: Energy, emissions and economic implications. PNNL-14800, Pacific Northwest National Laboratory, US, 104 pp. <http://www.pnl.gov/energy/climate/climate_change-technology_scenarios.pdf>, accessed 1 June 2007.

Renn, O., 2004: The challenge of integrating deliberation and expertise: participation and discourse in risk management. Risk Analysis and Society: An Interdisciplinary Characterization of the Field, T.L. MacDaniels and M.J. Small, Eds., Cambridge University Press, Cambridge, 289-366.

Sathaye, J., A. Najam, C. Cocklin, T. Heller, F. Lecocq, J. Llanes-Regueiro, J. Pan, G. Petschel-Held , S. Rayner, J. Robinson,R. Schaeffer, Y. Sokona, R. Swart, H. Winkler, 2007: Sustainable Development and Mitigation. In Climate Change 2007: Mitigation. Contribution of Working Group III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change [B. Metz, O.R. Davidson, P.R. Bosch, R. Dave, L.A. Meyer (eds)], Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.

Smit B and Wandel J (2006). Adaptation, adaptive capacity and vulnerability. Global Environmental Change 16: 286-292.

Smith, J.B., H.-J. Schellnhuber, M.M.Q. Mirza, S. Fankhauser, R. Leemans, L. Erda, L. Ogallo, B. Pittock, R. Richels, C. Rosenzweig, U. Safriel, R.S.J. Tol, J. Weyant and G.Yohe, 2001: Vulnerability to climate change and reasons for concern: a synthesis. Climate Change 2001: Impacts, Adaptation, and Vulnerability. Contribution of Working Group II to the Third Assessment Report of the Intergovernmental Panel on Climate Change, J.J. McCarthy, O.F. Canziani, N.A. Leary, D.J. Dokken and K. S. White, Eds., Cambridge University Press, Cambridge, 913-967.

Smith, S.J. and T.M.L. Wigley, 2006: Multi-gas forcing stabilization with the MiniCAM. The Energy Journal, Vol. Multi-Greenhouse Gas Mitigation and Climate Policy, Special Issue No.3, pp. 373-392.

Sullivan C, Meigh J (2005) Targeting attention on local vulnerabilities using an integrated index approach: the example of the climate vulnerability index. Water Science and Technology 51(5): 69-78.

Tol RSJ (2002) Estimates of the damage coasts of climate change – Part II. Dynamic estimates. Environmental & Resources Economics. 21(2): 135-160.

Toth FL, Bruckner T, Fussel H-M, Leimbach M, Petschel-Held G. (2003a). Integrated assessment of long-term climate policies. Part 1. Model presentation. Climatic Change 56:37-56.

Toth FL, Bruckner T, Fussel H-M, Leimbach M, Petschel-Held G. (2003b). Integrated assessment of long-term climate policies. Part 2. Model presentation. Climatic Change 56:57-72.

UK DEFRA Adaptation Policy Framework http://www.defra.gov.uk/environment/climatechange/uk/adapt/policyframe.htm
UNDP (2005) Adaptation Policy Frameworks for Climate Change: Developing Strategies, Policies and Measures. Lim B, Spanger-Siegfried E, Burton I, Malone E, Huq E (eds.), Cambridge University Press, Cambridge and New York, 258pp. http://www.undp.org/gef/undp-gef_publications/undp-gef_publications.html
UNEP (2002). Assessing human vulnerability due to environmental change: Concepts, issues, methods and case studies. UNEP/DEWA/RS.03-5, United Nations Environment Programme, Nairobi, Kenya.

Walsh C and Hall J (2007) Linking adaptation and mitigation strategies. Executive Summary. Theme 2 Position Paper for a Plenary Workshop Meeting, SKCC Sustaining knowledge for a Changing Climate. Accessed online December 07: http://www.k4cc.org/events/copy_of_0workshops/Theme-2-linking-adaptation-and-mitigation.pdf
Welp, M., de la Vega-Leinert, A., Stoll-Kleemann, S, and Jaeger, C.C., 2006b. Science-based stakeholder dialogues: tools and theories. Global Environmental Change, 16:170-181. 

Welp, M.; de la Vega-Leinert, A.C.; Stoll-Kleemann, S. and Fürstenau C. 2006a. Science-based Stakeholder Dialogues in Climate Change Research. In, Welp M. and Stoll-Kleemann S (eds.), Stakeholder Dialogues in Natural Resources Management Theory and Practice, Springer, Springer Berlin Heidelberg, 213-240.

Wenzel V. (2001) Integrated assessment and multicriteria analysis. Physics and Chemistry of the Earth Part B-Hydrology Oceans and Atmosphere 26(7-8): 541-545.

Wilby RL, McKenzie Hedger M, Parker C. (2004a). What we need to know and when: Decision-makers perspectives on Climate Change Science. Report of workshop, February 2004, Climate Change Unit, Environment Agency, London 41 pp.

Willows, R. and R. Connell, 2003: Climate adaptation: risk, uncertainty and decision- making. UKCIP Technical Report, UK Climate Impacts Programme, Oxford, 154 pp.

Yohe G and Tol RSL (2002). Indicators for social and economic coping capacity: moving toward a working definition of adaptive capacity. Global and Environmental Change 12: 25-40.

Climate dynamics





Climate hazard








Biogeophysical dynamics








Social 


dynamics








Biogeophysical vulnerability 





Social vulnerability (includes adaptive capacity)





Impact:


measurable outcome








concept_framework_2ndDRAFT.doc
1
24/04/2009

[image: image1]