	4th International Symposium on Flood Defence:         Managing Flood Risk, Reliability and Vulnerability                      Toronto, Ontario, Canada, May 6-8, 2008


	[image: image4.png]Institute for
Catastrophic Loss

Reduction —
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Abstract: The assessment of socio-ecological vulnerability to flooding is the subject of the study herewith presented. Agricultural and forest ecosystems have been undergoing transformations for centuries and are being intensively used by human beings, a development which contributes to explain the extent to which extreme flooding causes severe adverse impacts within the coupled system. In the case of Germany, a vulnerability assessment at sub-national level was conducted with the objective to identify vulnerable hot spots and to enhance disaster preparedness. Different conceptual models were used to facilitate the development of two indicator sets. Expert interviews and impact analyses contributed to the identification and evaluation of appropriate indicators. Subsequently, statistical methods were applied to create a composite vulnerability indicator. The results show that especially East Germany is highly vulnerable to flooding. However, the reliability of the outcomes has to be evaluated yet. 
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1. Introduction

Floodplains are highly valuable and fragile ecosystems which provide a broad range of ecological, socio-economic, and cultural services essentially contributing to human well-being (MEA, 2003). In Germany floodplains have been transformed for centuries and are fully managed today. Due to changes in the natural system and the intensive use by human beings, floodplains are understood as complex socio-ecological systems that are determined by coupled processes and interactions between the natural and the human systems. 

During the last two decades, Germany's main rivers Danube, Elbe, and Rhine experienced several extreme flood events which caused the disruption or even failure of essential ecosystem functions and services like for instance crop production and water supply. 

In response to these devastating events, disaster management is recently focusing on the mitigation of flood disaster risk which includes the analysis of potential vulnerabilities to flooding. Vulnerability assessments and maps are valuable tools for regional planners and disaster managers, as they provide information on the capacities and susceptibilities of a place. 

This research aims at identifying the vulnerability to extreme flooding of socio-ecological systems such as forest and agriculture. Therefore, characteristics and processes of the coupled systems need to be investigated to determine the level of vulnerability. A sub-national approach is applied taking into account that adverse impacts are experienced not only at local spots but across regions. However, the assessment and mapping of vulnerability requires the use of robust tools and methods, the development of a sound conceptual framework, and last but not least the comparability and transferability of the approach across all German counties. 

The next chapter in this paper is dedicated to the methodological approach which is applied to develop a vulnerability map for Germany. After elaborating on the work chain and methods used, the results of the study are presented and discussed in the following two chapters. The paper concludes by reflecting on further options and upcoming steps. 
2. Methodological Approach

2.1 Development of a conceptual / theoretical framework

Vulnerability and risk research has originated a variety of frameworks and a huge number of definitions, each of them facilitating certain research questions and methodologies (see Adger, 2006, Birkmann, 2006, Thywissen, 2006). Thus, the first step was to review the different concepts and models in order to come up with an appropriate research design for this study. A sound framework is necessary as vulnerability is not a phenomenon which can be directly measured or explained by physical laws. According to the scope of this study as well as current trends and developments in vulnerability research, the framework needs to fulfill the following prerequisites: it has to (1) clearly define vulnerability and its components; (2) clearly depict the subject of analysis which is the coupled socio-ecological system; (3) provide an overview of processes and interactions between the various elements; (4) apply a place-based approach as the assessment will be conducted at a determined level of analysis; (5) incorporate multiple and interacting perturbations; (6) conceptualize vulnerability as a dynamic feature; and (7) recognize the importance of cross-scale interactions. 

2.2 Development of an indicator set 

The conceptual framework will be operationalized by means of indicators. Indicators and indices are common tools in vulnerability assessments and are used in numerous regional assessments (see Cutter et al., 2003, ESPON, 2005, Weichselgartner, 2002). The indicator selection was guided by an impact analysis as well as expert interviews. Especially after the flood event in 2002, when the Elbe catchment suffered from extreme flooding, detailed reports on contamination, failure of agricultural production, damage to forests etc. were written, elaborating on causes and consequences of flood impacts. This information was used to create impact chains and to trace back the causal structure leading to the stresses and perturbations likely to generate the adverse effects. Interviews with experts from science, governmental agencies, environmental organizations and public associations assigned to disaster management, forest and agriculture, and other environmental issues were conducted to fill information gaps and to discuss preliminary findings and indicators. Thus, two indicator lists were generated for (1) the forest sector, and (2) the agriculture sector. By means of various selection criteria ranging from technical (validity, comparability), to participatory (understandability), and practitioner relevant criteria (data availability, cost-effectiveness), the indicator lists were reduced to a manageable extent. Statistical tests (correlation and regression analyses) helped to additionally exclude highly correlated variables not exclusively stemming the concept. Discussions with experts and comparison of indicators in literature facilitated the evaluation of the developed indicator sets. 
2.3 Mapping socio-ecological vulnerability 

As a practitioner-oriented approach was conducted, a composite vulnerability indicator was created and mapped in a Geographical Information System (GIS). Composite indicators take complex scientific information and synthesize it in a way that makes it easily understandable at a glance. This helps to translate a wide variety of indicators into a simple system that can be easily communicated. These measures are increasingly recognized as a tool for policy making (Nardo et al., 2005).
First, data was collected, harmonized and scaled to the unit of analysis (county level). A data basis was built up with socio-economic data from the Federal Offices of Statistics, land use information derived from remote sensing data, and environmental data provided by environmental agencies. All data were visualized in GIS by referencing them spatially. Prior to the aggregation the variables were normalized using the z-score standardization technique. Subsequently, the composite indicator was composed by simply aggregating the weighted sums across counties. Equal weighting was applied in this analysis as no differences in relevance or significance amongst the indicators could be identified so far. The indicators were first aggregated to one vulnerability component, than ranked in the range of [1, 5], and finally summed up again to a composite vulnerability indicator. Five classes were eventually built by equal distances to show the different vulnerability ranks across counties. 

3. Results

3.1 Theoretical and conceptual framework
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Figure 1: Modified SUST Model adapted from Turner et al. (2003).
Figure 1 shows the SUST Model (Turner et al., 2003) of the Research and Assessment Systems for Sustainability Science Program that was selected as the conceptual framework for this study fulfilling all prerequisites mentioned in the previous chapter. Vulnerability is understood as “a product of the simultaneous interaction of multiple biophysical and human processes, stresses, and shocks acting on the coupled system, which may respond nonlinearly and dynamically with multiple feedbacks across scales” (Eakin and Luers, 2006). Small modifications have been made to the model in order to better handle the single components of vulnerability during the assessment. Exposure is determined by elements like people, assets or even ecosystems exposed to a certain perturbation. Sensitivity is addressed by environmental and social stressors that emanate from the place of analysis or significantly influence the coupled system across scales. Resilience is composed of the three subcategories ecosystem resilience, coping, and adaptive capacities representing the strengths and capacities in the coupled socio-ecological system. 
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Figure 2: Disaster Management Cycle adapted from DKKV (2003).

Moreover, the disaster management cycle of the German Committee for Disaster Reduction (DKKV, 2003) was chosen to facilitate the development of indicators for the resilience component. Figure 2 illustrates the various elements of disaster prevention and disaster response that are supposed to be applied in disaster management in Germany in order to enhance flood protection and adaptation. 
3.2 Exemplary indicator set for the forest sector
Tab 1: List of indicators that were developed for the forest sector
	Vulnerability component
	Indicators

	Exposure
	% Forest Area

	
	Employees forest sector

	Environmental Stressor
	Water quality

	
	Mean Crown defoliation

	Social Stressor
	Unemployment rate of county

	
	Unemployment rate of federal state

	Ecosystem Resilience
	Level of fragmentation

	
	Forest size

	
	Forest type

	
	% Protected area

	Coping and Adapting
	GDP per capita of county

	
	GDP per capita of federal state

	
	Personal income

	
	Deforestation rate


Table 1 shows the indicator set developed for the socio-ecological system forest. The indicators were assigned to the respective vulnerability component they represent. The selection follows the demand of the conceptual framework to reflect cross-scales interactions, since indicators from different spatial scales are used (e.g. unemployment rate at Federal State and county level). 

3.3 Vulnerability map for Germany

The result of the indicator aggregation is depicted in Figure 3. Four maps were produced in GIS illustrating exposure, sensitivity, resilience, and finally the vulnerability of the forest sector to flooding. Five ranks have been assigned to each map ranging from very low (light colors) to very high (dark colors). 
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Figure 3: Exposure, sensitivity, resilience and vulnerability map for Germany.
Especially the north eastern part of Germany (the ‘new’ Federal States) reveals high vulnerable regions, whereas the southern and western parts show low vulnerabilities. This is due to the fact that either there are few forest ecosystems exposed as in the Ruhr area in West Germany, or the sensitivity is very low as in South Germany. 

4. Discussion of the results

The mapping of socio-ecological vulnerability to flooding at a sub-national level was first conducted for Germany. This chapter will now discuss the results that have been produced so far. However, it is worth noting that these preliminary results are still to be further validated. 

4.1 Conceptual frameworks

A framework was selected setting the theoretical fundament for the presented study, and moreover, facilitating the assessment of vulnerability. Although some small modifications were made, the SUST model appeared to be the most appropriate framework to deal with the demands and scope of this research. It integrates the coupled socio-ecological system as unit of analysis, views vulnerability as a dynamic feature that is changing due to feedbacks between the different components, and takes cross-scale interactions into account. Even though the model is very complex and couldn’t be fully captured by the presented indicator set, it proved to be a valuable theoretical basis for the development of the indicator list. One disadvantage is though that the risk concept is not integrated in the framework. This makes it difficult to establish a clear link to disaster risk. The Disaster Management Cycle proved to be helpful for the distinction between coping and adaptive capacities. However, the operationalization turned out to be difficult with regard to the selected scale of the approach. Data was impossible to collect for all the counties in Germany.

4.2 Implications of scales

Scales play a crucial role in the assessment of socio-ecological vulnerability (Cash et al., 2006). Especially, the selection of a certain unit of analysis has significant implications on the whole approach. The applied methods, used data, and also the development of indicators depend on the selected spatial scale. The administrative level ‘county’ was selected as the unit of analysis in this study. According to the claim of integrating cross-scale interactions and driving forces in the approach, indicators from different levels were selected. For instance, the indicator ‘unemployment rate of the Federal State’ was chosen to show regional patterns of social-economic stress in Germany. 
The advantage of a sub-national approach is that regional analyses for the whole of Germany can be made. Moreover, it enables to show how weaknesses and strengths are distributed across the country. On the other hand, a regional approach lacks the possibility to capture highly complex patterns and local heterogeneity. 
Data collection is also strongly guided by the unit of analysis. In a sub-national approach it is necessary to use data already available at Federal agencies. However, the comparability and availability of data across the country are important criteria which automatically limit the number of possible indicators. Furthermore, the selection of experts is influenced by the scale too. Especially experts from regional administrative agencies were contacted as they turned out to have a better overview on the causes and consequences of flooding at regional levels. Since indicators are used and applied at county level, the approach implies a certain degree of generalization which often could not be captured and followed by the experts. Therefore, statistical techniques were applied to create the composite indicator. 
4.3 Quantification and evaluation of the approach

The quantification process requires decisions on the techniques used for normalizing, weighting and aggregating indicators across counties. The selection of methods influences the outcome of the approach and has thus to be considered very thoroughly (Nardo et al., 2005). In this study the technique ‘weighted sums’ was tested and already produced reliable results. However, it is assumed that the vulnerability level in East Germany is overestimated, since GDP per capita and unemployment rate were calculated at county and at Federal State level with equal weights. Other techniques will also be applied in order to compare and evaluate the different outcomes. Moreover, robustness tests will be conducted by means of sensitivity and uncertainty analyses. (Turner et al., 2003)

5. Conclusion

The approach presented herewith has tried to stem the demands of both conceptually sound and practitioner-oriented vulnerability research. Therefore, the set up of a conceptual framework was paid as much attention as the development of indicators and the respective composite indicator. The selection of the SUST model and of the Disaster Management Cycle turned out to be the most appropriate frameworks for this study, although not all elements and aspects could be captured with the indicator sets. The produced maps already show reliable results. Yet, other aggregation techniques have to be tested and compared in order to select the best possible method. A thorough evaluation including robustness tests of the outcomes has still to be conducted. 
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