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


	[image: image2.png]Institute for
Catastrophic Loss

Reduction —







Assessing Social Vulnerability to Floods on a Sub-National Scale

Fekete Alexander1 and Birkmann Jörn1

1. UNITED NATIONS UNIVERSITY – Institute for Environment and Human Security (UNU-EHS), Bonn, Germany

Abstract: Recently Germany experienced catastrophic river floods with higher frequency and magnitude compared to previous decades. Hazard aspects like specific weather events and failure of technical measures can only partly explain this phenomenon. Particularly the location of settlement areas in floodplains and lack of risk awareness contribute to a ‘human share’ of disaster manifestation. National level indicators on flood risk often only capture mortality, population density or the exposure of settlements. However, key parameters steering the likelihood of human loss must include additional aspects like characteristics and skills of humans that increase their susceptibility and reduce their capacity to cope with flood induced disasters. The proposed assessment captures this variety of facets by first identifying the most important variables of social vulnerability to floods in Germany. The variables are selected from national statistical data and federal offices. By factor analysis the variables are grouped to indicators. The single indicators are harmonised and aggregated to a composite index. The composite index is linked to counties in Germany within a Geographical Information System (GIS). Additionally the study aims at verifying the preliminary indicators by a household questionnaire. The lack of a nation-wide spatial dataset on social vulnerability and other non-structural flood disaster risk parameters hampers a rapid overview of possible risk or losses in case of an extreme event. The sub-national approach allows for a country wide comparability and data compilation of social vulnerability. It is argued that these social vulnerability layers be useful to both science and policy makers by highlighting aspects of flood induced disasters that have been neglected so far. 
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1. Introduction

It is a challenge to unveil hidden social vulnerabilities in highly developed countries like Germany, since they are not as prominent as in developing countries where some social groups are forced to settle in high hazard zones. Still, climate change and demographic change impose a mandate for science and policy makers to take a look at aspects neglected so far, for example social inequalities and institutional shortcomings. Germany is a country with a longstanding tradition in river training, dyke building, economic insurance schemes, social security system and trained emergency management. Still, human security is even more complex in the onset of natural perils like extreme river flooding events. Unequally distributed knowledge, lack of preparedness, ignorance, and an unabated persistence of settlement areas in exposed floodplains all contribute to a vulnerability profile that portraits distinct locations and people as more vulnerable than others. Establishing a footprint of human vulnerability through indicator systems highlights spatial areas and population groups out of focus so far. The knowledge generated will not only unravel vulnerabilities of a developed country but may also serve to understand general social inequalities and dependencies in coupled human-environmental systems. 
Aggregated risk or development indices have a long tradition (cf. Birkmann, 2007) and have been deployed by UN agencies and the World Bank for comparing nations or regions on human security and environmental issues. However, these indicators on a very coarse supra-national scale often come short in explaining social vulnerability by reducing it to a single indicator like mortality or GDP. Subsequently, more and more sub-national and regional studies aim to apply common vulnerability indicator assessments; in the U.S. for example (Clark et al., 1998, Cutter et al., 2000, Rygel et al., 2006), Australia (Dwyer et al., 2004), UK (Tapsell et al., 2002) or Spain (Weichselgartner, 2002). For Germany, attempts on sub-national vulnerability indicators are still in development (Meyer et al., 2007, Steinführer and Kuhlicke, 2007). Specific in-depth local studies (Pfeil, 2000, Plapp, 2004) are unmatched in precision on the real context and site-specific causes of vulnerability. However, they are limited in terms of transferability and allowing comparison of regions. Therefore this study aims to develop an assessment on sub-national scale that enables spatial comparisons of social vulnerability. This might serve for both scientific audience and as a practical tool for German disaster management and spatial planning.

2. The DISFLOOD Project

The need for more research on social vulnerability in Germany, as outlined in the previous section, was recognised by implementing it as one major package in the project ‘Disaster Information System for Large-Scale Flood Events Using Earth Observation’ (DISFLOOD, Damm et al., 2006). DISFLOOD will combine different data sources of remote sensing, statistical data, maps and hydraulic data; as well as it will combine different methods like hydraulic hazard models, economic damage models, environmental and social vulnerability indicators in a multi-disciplinary project. The outcome will be available on the Natural Disaster Network web site NaDiNe (http://helmholtz-eos.dlr.de/platform/platform_ge.htm). The prime target group of NaDiNe are experts working on flood protection and scientists, but the interactive maps will also be accessible to a certain degree by the public. DISFLOOD will cover the potential inundation areas of three major streams, the Danube, Elbe and Rhine within Germany. The vulnerability indicators will be constructed using statistical data, data from expert interviews and data from a household questionnaire provided by the partner institution GFZ (and DeutscheRück) to validate the indicators. The other partner institution, DLR, will provide actual inundation area maps derived from satellite imagery in order to locate disaster areas. By providing this information and through contact with disaster management authorities it is hoped that UNU-EHS will help to close gaps in awareness, understanding and operationalisation of vulnerability research. 

· Objectives
Inter-disciplinary flood risk assessment, integration of vulnerability

 

·  Partners
German Aerospace Centre (DLR) GeoResearchCentre Potsdam (GFZ)

·  Scale

Counties and municipalities in Germany along inundation areas of major streams 
·  Hazard

River flood scenarios and real events

·  Products
Vulnerability indicators, vulnerability and risk maps

3. Problem Definition 

Analysing flood hazard as linked to social vulnerability conditions in Germany, and meeting the demands of the multi-disciplinary DISFLOOD project, a need for research on the following topics has been identified:
Social vulnerability: it captures aspects previously neglected in flood risk assessment: intangible or indirect damage, social weaknesses and coping capacities. Social vulnerability in context to river flooding is presented as a research concept that complements existing risk and damage assessments. The focus here lies not on technical measures or damage estimations, but on the affected population with its social dependencies, fragility and abilities.

Sub-national scale approach: an overview on spatial and temporal patterns of social vulnerability does not exist yet regarding regional differences within the whole of Germany. Some case studies exist, but none that make counties, municipalities or households comparable to each other for whole Germany. 

Integrative approach: technical protection, social disparities and non-technical preparedness tend to be discussed in different forums. With this study, social vulnerability indicators will be combined with environmental, economical and hazard information in a Disaster Information System; DISFLOOD.
The guiding research question of this study is whether social groups are affected differently by floods in Germany. An accompanying issue is which scale and methodology is suitable for a Germany-wide social vulnerability assessment. Challenges of this study lie in the compatibility to other scientific disciplines; in the data collection for the whole spatial area of Germany’s potential river inundation areas; and in combining qualitative and quantitative information on various scales. The expected outputs of this study are social vulnerability indicators; a composite social vulnerability index; and social vulnerability maps.
4. Theoretical Background

This study is rooted in the natural hazards context to flood research (White, 1945) and the vulnerability paradigm as opposed to a purely structural view on disasters (Hewitt, 1983). The theory background is nested within several academic streams integrating human ecology, general systems theory (Boulding, 1956) sustainability (Brundtland, 1987, Lass et al., 1998), geography (Felgentreff and Glade, 2008) and the hazard of place concept (Cutter et al. 2000); resilience and coupled-human-environmental systems (Holling, 2000, Turner et al., 2003, Adger, 2006) and human security (Bogardi, 2004). The integration of the different streams of disaster, risk and vulnerability theory within the well-known pseudo-formula; risk = f(hazard, vulnerability) allows to combine the elements of research (human groups) with the specific system environments (society, economy, ecology) and the hazard within the BBC framework (Birkmann, 2006).

The link from theory to methodology application lies in the conceptual framework applied. The BBC-framework (Birkmann 2006, Birkmann and Fernando, 2008) not only places risk and hazard into context to vulnerability, shows up risk mitigation entry points and includes the three spheres of the sustainability context (economy, environment and society). It also allows to structure vulnerability according to the well-known categories susceptibility, exposure and coping capacities. The necessary following step is to define the linkages as well as those parameters of the social sphere that a) fundamentally constitute social vulnerability and are b) operational for the integration into DISFLOOD. The purpose of vulnerability indicators is to detect patterns of vulnerability and make them visible and comparable. 

4.1 Vulnerability Definition

· Vulnerability is the intrinsic and dynamic feature of an element at risk (community, region, state, infrastructure, environment etc.) that determines the expected damage/harm resulting from a given hazardous event and is often even affected by the harmful event itself. Vulnerability changes continuously over time and is driven by physical, social, economic and environmental factors. (Thywissen, 2006)

· Vulnerability is commonly regarded as composed of the susceptibility, exposure and the coping capacities of humans in context of society and a specific hazard (modified after Adger 2006)

Working definition: Social vulnerability is a concept to integrate issues beyond technical or economical risk research and combines quantitative and qualitative information. Social vulnerability is the internal and context-determined susceptibility of the individuals within society (towards an impact) and consists of the components exposure, sensitivity and capacities. These components include state variables, processes and decisions and change in time and space.

5. Research Area

In order to define the research area, the scale of the unit of research and the scale of the research horizon were identified. Both scales should be suited best to detect social vulnerability in Germany, allow data acquisition for the whole area and make the research units comparable for the whole research area. The potential inundation areas of extreme events along the major streams Danube, Elbe and Rhine are focus of the study. On this macro-scale horizon of analysis counties were chosen as the unit of analysis for several reasons: a) a sufficient number of variables is available by federal statistical data, b) other data not from federal statistics can be integrated, c) counties are relatively homogeneous in size and allow comparisons of cities with rural areas and d) on the county level disaster management is organized and supervised. The counties along the rivers Danube, Elbe, Rhine include 23 cities > 100.000 inhabitants. Approximately over 2 million people are exposed to extreme floods along those three major rivers in Germany.

6. Vulnerability Assessment

Prior to the vulnerability assessment, an impact overview of harms and losses of humans in respect to river floods was carried out by literature review. The aim was to derive variables and indicators that describe vulnerabilities beyond economic or physical losses. Social vulnerability approaches or comparable risk indicator approaches on various scales, from global to local were reviewed regarding the scope of an indicator set best describing social vulnerability on county level (e.g. Cardona, 2005, Clark et al., 1998, Cutter et al., 2000) and fitting to the context of Germany (IKSR, 2002, Plate et al., 2001). The vulnerability indicators are derived according to findings in literature regarding the most crucial categories of vulnerability to flooding and flood-related hazards (Dwyer et al., 2004, IKSR, 2002, Messner and Meyer, 2005, Morrow, 1999, Nakamura et al., 2001, Tapsell et al. 2002, Yarnal, 2007). Specific background information on social insecurities, inequalities, skills, flood hazard and flood protection was collected to enable a holistic account of the root causes of vulnerability. This step helped to understand and justify the use of specific variables.  
6.1 Methodology
The methodology consists of a quantitative indicator assessment in combination with GIS functionality. For the construction of the indicators, demographic characteristics per total numbers of inhabitants of a given county are derived by federal statistical data (Statistisches Bundesamt Deutschland, 2006). They provide variables like number of persons, age, unemployment, social welfare etc. Thresholds for the extraction of data ranges are taken from literature, e.g. defining the group of elderly people above 65 years. These variables are harmonised by computing ratios per total population of the county or per county settlement area, in order to ensure comparability to all other administrative boundaries. In the next step, the variables are normalized to equal intervals between 0 and 1. By factor analysis, using a principal component analysis with varimax rotation, 4 main factors are derived out of 20 variables. Each factor combines several variables to an indicator that is a proxy to indicate for example, fragility of the population or household budget constraints. These single indicators provide the first set of results and can also be mapped as single social vulnerability layers by geocoding the indicators to the administrative boundaries (data provided by Federal agency for cartography and geodesy, BKG) in the GIS. Except for the selection process and the threshold setting, these indicators are independent of specific hazard locations. The single vulnerability indicators are aggregated to a composite social vulnerability index. Aggregation is done by simple summation since there was found no evidence on which to justify a weighting so far. Vulnerability classes are ranked according to standard deviations of the total sum of the single indicators. Negative vulnerability index values represent areas of predominant capacities; positive values represent predominant sensitivities and exposure potential of the residents per county.

6.2 First Results
The result is a visually easily comprehensible social vulnerability map (figure 1). It displays the internal predisposition of the residents per county to experience a disaster due to river floods. The composite index is constructed after the single indicators that are derived by the factor analysis. The indicators are composed of several demographic variables and indicate increased proportions of residents with financial deficiencies, urban population density related ethnic and economical conditions, deficiencies in medical care and fragility of the residents. These indicators comprise the characteristics of specific social groups which are also identified in literature. A detailed documentation of the content of the individual indicators is provided, in order to make transparent of which elements this index consists.
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	Legend
Composite vulnerability classes per county: the darker (brown) the higher the social vulnerability. Lighter colors (green) indicate counties with higher capacities. The classes consist of the standard deviations of the summed values of the single indicators. Data: Federal Statistical Office 2006, Federal Agency for Cartography and Geodesy 2007.
Composite Social Vulnerability Components 

Exposure Potential

· People 
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Figure 1. The map displays the composite social vulnerability indices per county in Germany
6.3 Verification

The household telephone interview questionnaire conducted by GFZ / DeutscheRück (2003) after the floods in 2002 aimed at measuring damage to buildings, preparedness, losses and recovery of residents (Thieken et al. 2007). Social parameters like age, education, etc. were reanalysed for the purpose of this study. The parameters were checked regarding their distribution within the total sample of affected households and compared to categories that indicate disproportional difficulties in recovery from the floods. Such a test category is for example the sample of those people who had to evacuate to public emergency shelters. Among them, a higher ratio of elderly people and people with lower income and education were found. For further verification of the correctness of use of the proposed social vulnerability indicator set serve expert interviews with municipality disaster managers conducted in 2007 in random municipalities along the three rivers, and analysis of a field trip to the Elbe flood in 2006 in Dresden. 
7. Conclusion

The social vulnerability map displays the exposure potential, sensitivity and capacities of the residents in Germany on county scale. It enables a sub-national resolution and comparability of regions within Germany. The index can be principally applied to any river basin in Germany. The parameters for the composite index were identified after literature and analysis of flood impacts in Germany. Additionally, the analysis of a survey on flood affected households helps to verify the chosen parameters. The county scale is a compromise between the aim of generating an overview for the whole country and Germany-wide data availability. Due to the size of the unit of analysis, extreme event inundation areas are more suitable than small-scale floods. Municipalities are an alternative spatial resolution, hence with a reduced data set due to data availability. Finer resolution of social vulnerability is only feasible for smaller case studies or by techniques of downscaling. Improvements could be seen in aggregation techniques and applying weights as well as in sensitivity and uncertainty analysis of the indicators.

8. Outlook
Additional vulnerability layers on early warning lead times, institutional shortcomings and hazard parameters can be easily integrated in this index. At a later stage, the social vulnerability layers will be merged with the hazard layers. Hazard information is available as inundation areas of statistical extreme river flood events (data: IKSR, 2001, ELLA, 2007). Within the formula risk = f(hazard x vulnerability) both hazard and social vulnerability layers are combined to an overall flood disaster risk index. This risk is the disaster risk of the human population in Germany to experience adverse effects due to a worst-case hazard scenario and due to demographic and social conditions. This risk computation is open for amendments by including more hazard parameters like inundation depth, velocity, debris load, or flood probabilities. The availability of social vulnerability as numerical, normalised information and the geocoding to spatial areas allow for integration with other flood risk information, for example economic damage assessments or ecological vulnerability.
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