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Abstract
The frequency of hazards of natural origin threatening humans, critical infrastructures and environmental services has increased within the last decades and is expected to rise further in the future. Within the context of climate change an increase in extreme weather events is particularly likely (IPCC 2007). Traditional mitigation and flood defence measures such as dykes and other engineering structures are still important; however, the estimated increase of more intense and frequent flood events on the one hand and the occurrence of drought conditions in the same areas on the other hand require new mitigation and adaptation strategies. Since it is impossible to avoid the occurrence of most hazards, a key factor to generate more disaster resilient societies is to reduce the vulnerability of communities to floods and other water-related extreme weather events (Birkmann 2008). 
While societies in developing countries often face a higher death toll due to extreme flood events, societies in developed countries are highly reliant on the continuous availability of goods and services provided by critical infrastructures such as energy supply, telecommunication and transportation. Moreover, floods in highly developed regions can also lead to major economic losses and social disruption and can additionally trigger natural-technical disasters when, for example, a flood damages a chemical plant. This can cause serious environmental problems affecting soil and water resources. The vulnerability of the environmental services depends on the one hand on the exposure and on the other hand on the dependency of the society on these environmental services. Likewise, the growing dependency of our societies on critical infrastructures implies increasing susceptibility to their failure or disruption. Moreover, it is essential to capture human vulnerability to floods going beyond economic damage assessment. The paper presents some first findings of applied research particularly on flood vulnerability in Germany.
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1. Introduction: Vulnerability assessment at the Local Level
Worldwide, water-related disasters claim about 25,000 lives and affect over 500 million persons annually. The costs of flood-related losses are more than $60 billion; by contrast, in 1950 these losses were about $10 billion. Additionally important is the fact that floods often occur frequently, which means that reducing vulnerability and improving coping capacities is an evident need for people living along large and small rivers. 

The focus of research in the field of risk and natural disasters is often dominated by the analysis, measurement and prognosis of natural phenomena such as floods and landslides. Without neglecting the necessity to generate more in-depth information regarding the development of natural phenomena, it becomes more and more evident that the intensity and frequency of natural hazards are not the only factors which determine whether a natural phenomenon will cause a disaster. Other relevant factors are the vulnerability of the affected society, its economy and its critical infrastructures, environment as well as its ability to cope with the impacts of the natural hazard (see e.g. Bogardi, Birkmann 2004). Research on the vulnerability of different social groups and critical infrastructure as well as on the vulnerability of the economy and environment is not very advanced, particularly in terms of combining different methods and data as well as capturing the interactions between the different dimensions. In particular, assessing the vulnerability and resilience of coupled human-environmental systems is difficult and despite the availability of conceptual frameworks, the number of empirical studies is few and often limited regarding the understanding of certain coupling processes.
Therefore accounting for responses taken after past flood events and examining vulnerability to future events is essential particularly at the local level, since this way vulnerability and coping capacities of individual households as well as tangible activities of communities can be assessed accurately. Results from a more recent study, which is still ongoing are presented below. To estimate the vulnerability and coping capacity of cities regarding water related natural hazards in urban areas – case study Cologne and Dresden / Germany – a research project has been launched in co-operation with various partners in Germany. The project is financially supported by the Federal Office for Civil Protection and Disaster Assistance (BBK) in Bonn. Vulnerability indicators and criteria are seen as a key for developing effective strategies for preventive civil protection, including the development of a risk atlas. Moreover, vulnerability indicators can serve as an important tool within the framework of hazard and risk communication (early warning, preparedness, sensitivity). Besides the development of indicators to measure vulnerability the BBK-project aims at examining the applicability of the different indicators within the municipality, for example it is intended to analyse how vulnerability indicators can be conducted and applied in disaster management, urban and regional planning. 
The major foci on the assessment of flood vulnerability can be summarized as follows: 
· Objectives
Development of indicators and criteria to capture and assess flood vulnerability;
· Partners
University Halle-Wittenberg, German Space Agency, Flood-protection Agency in 
                          Cologne and the Environmental Agency of the City of Dresden;
·  Scale

City, city districts and households;
·  Hazard

River flood scenarios and experience of past events;
·  Products
Indicators, criteria, vulnerability maps and manuals;
2. Scope and Problem Definition 

Vulnerability assessment is often limited to one dimension – focussing on either economic or social assets. Beside the disciplinary and thematic divide, there is also a lack of knowledge of the different data available to capture vulnerability, defined as a composition of susceptibility and coping capacity. Particularly aspects of preparedness, which allow for some conclusions on the level of coping capacity, have not yet been treated sufficiently. In addition, when considering coupled systems, the feedback loops between the systems and the external environment at multiple scales is often unknown. Furthermore, the combination of different methodologies, such as remote sensing and household surveys, for example, is not very advanced. The project aims at strengthening the knowledge base and the methodologies on how to capture vulnerability within its various dimensions. In this regard important research questions – among others - are:
· What are the main characteristics of human, environmental and economic vulnerability and how can we capture the vulnerability of critical infrastructures?

· How can vulnerability be quantified at the local scale?

· How can different data collection methods and sources be adequately combined to deepen the insight?

· How can an integrated index or value for flood vulnerability of different city districts be developed?

· How can we improve the applicability of these criteria and indicators for emergency and urban planning?

3. Theoretical and Conceptual Background

This research is based on different conceptual and theoretical frameworks of different schools of thought. In particular, the research takes into account the scientific/academic discourse on natural hazard research to floods, on the need for a paradigm shift from natural hazard assessment to vulnerability and risk assessment, on coupled social-ecological systems and their perturbations and resilience as well as on indicators for risk and vulnerability assessment (see among others White, 1945; Holling, 1973; Plate et al., 2001; Bogardi/Birkmann, 2004; Turner et al., 2003; Cardona et al., 2005; Kasperson/Kasperson, 2005; Merz, 2006; Birkmann, 2006, Kreibich/Thieken, 2008; Birkmann, 2008). 
Based on these many schools of thoughts, a conceptual framework – the BBC-Framework (see Figure 1) – has been developed at UNU-EHS in order to take up the ideas of these discourses and combine them in an integrative conceptual framework. The BBC-Framework aims at providing a meta framework to structure the different terms, such as hazard, vulnerability, risk and response while at the same time paying attention to the necessity to focus on social, economic and environmental features (discourse about sustainable development) when dealing with the identification and evaluation of vulnerability. Even today a lack of integrative concepts still exists and results in the need to develop trans-disciplinary and trans-sectoral frameworks for vulnerability analysis 

The BBC framework aims at accounting for the linkages of and between the socio-economic spheres (who is vulnerable; e.g. social groups and institutions) and the physical-natural spheres (what is vulnerable: e.g. built environment, critical infrastructures, ecosystems and economic sectors). Thus, by addressing the three pillars of sustainable development, the framework clearly indicates the link between vulnerability assessment and sustainable development. It emphasizes the fact that vulnerability is defined through exposed and susceptible elements on one hand, and the coping capacities of the affected entities on the other. This means that focusing on deficiencies is not enough. Additionally, the BBC framework shows that it is also important to address the potential intervention tools that could help to reduce vulnerability in the social, economic and environmental spheres (Birkmann, 2006) such as early warning. In this regard the BBC conceptual framework promotes a problem-solving perspective. Furthermore, it stresses the importance of being proactive in reducing vulnerability before an event strikes the society, economy or environment (t=0) (Birkmann, 2006). The assessment of options for introducing preventive measures (t=0), e.g. moving parts of a city out of its exposed zone, do not aim only at saving lives but also at saving the disruption of sustainable livelihoods – the desired outcomes of a preventive intervention system (t=0). 

The following section will present a methodology and selected results of a vulnerability assessment undertaken in the city of Cologne to capture the susceptibility and coping capacity of people exposed to floods. The method used is a household survey technique which also allows to capture new data on coping and preparedness aspects of people.

Figure 1: The BBC Conceptual Framework.
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Source: Birkmann 2006 (based on Bogardi/Birkmann (2004) and Cardona (2001)).

4. Capturing Human Vulnerability – Case Study Cologne
4.1 Aim of the household survey

Since statistical data at the local level gives only very limited insights into the question of vulnerability and coping capacity to floods, UNU-EHS designed and conducted a household survey to get more in-depth information and answers about differences in the susceptibility and coping capacity of different social groups. The questionnaire, the empirical survey method used to capture the data on vulnerability at the household scale, seeks to analyze the significance of the communal statistical data concerning the acquisition of vulnerability. Estimated correlations, which had been the basis for most hypotheses within the survey, were to be checked and validated. To do all this, both the vulnerability parameters as well as the socio-economic profile of the households were gathered via direct questioning. On the other hand the aim of the interviews was to collect a new data pool in order to discover unknown correlations and features about susceptibility and coping capacity. Apart from the data pool concerning human vulnerability, other topics, such as issues dealing with the vulnerability of economy, or dependency on critical infrastructures and the environment were also part of the investigation. 

4.2 Structure of the questionnaire

The survey was structured in accordance with the BBC-Framework, which means it takes into account the different thematic dimensions (social, economic, environmental). As well it can be divided into the following three components.

· Exposure (Exposure of the household towards flooding [return period 100 and 500 years])
· Susceptibility (such as age, evacuation capacity, knowledge) and

· Coping Capacity (such as emergency management skills, social networks, insurance policies)

Overall the household survey included around 60 questions which – apart from the categories mentioned above – have been divided into the following seven sub-topics:

a) Risk assessment and exposure, b) Information concerning floods, c) Personal experience, d) Prevention, e) Coping/Knowledge about emergency response, f) Living conditions and g) Statistical data

4.3 Methodology

The reason for opting for standardized interviews is to propose the same situation in each individual interview by asking exactly the same questions, allowing solely a pre-defined set of possible answers. This technique eliminates possible misinterpretations by the interviewee due to diverse phrasing of the questions by the interviewer. This standardized questionnaire, covering selected districts in the cities of Cologne and Dresden, is also supposed to enable proper quantification and a direct development of further indicators.

The questionnaire encompasses different categories of questions. The point of the different categories used in this questionnaire is to measure different variables and knowledge types regarding susceptibility, flood awareness, and coping capacity, which result from the initial hypotheses underlying the research. The household survey contains questions regarding: a) Statistical facts (household profile, age, number of children etc.), b) Knowledge questions (such as knowledge about exposure to floods), c) Questions concerning actions and behaviour and d) Questions concerning attitude and opinion. The majority of questions are so-called closed questions with a pre-defined set of possible answers. The advantage of closed questions is that they allow direct comparability of the different interviews. 
The hypotheses were not solely operationalized in individual questions, but rather in a combination of two or more questions and their assumed correlation. A basic hypothesis states that the individual subjective importance ascribed to the different natural hazards differs considerably and that personal experience or the knowledge of a certain hazard tends to result in higher personal significance than for those who have no experience with or knowledge of the hazard. A second hypothesis states that the individual perception of the importance of natural hazards varies in the different socio-economic groups. In order to validate this assumption we also recorded social, economic and educational parameters at the end of the survey, and correlated them with the results of the respective question about the importance of different natural hazards.

The selection of a sample for the household interviews is a crucial step within the overall research process. We decided to mainly use the criteria ‘flood exposure’ (HQ 100, HQ 500) and ‘different socio-economic conditions’ (e.g. demographic structure and unemployment) of different city districts as criteria for the selection of the different districts. The surveyed areas in Cologne are situated in the North, the Centre and the South of the city; each household in these districts was either classed as HQ100 or HQ500. To reach the goal of successfully conducting 400-500 interviews per city, our city partners drew 1500 samples dispersed over the investigated areas. The survey in Cologne took place in August 2007. The fully standardized questionnaire was conducted orally by university students and research assistants. In order to get a high share of successful interviews and increase the incentive to participate, all selected households were notified by mail two weeks prior to the implementation of the survey.

5. First Selected results – Case study Cologne
In the following paragraphs, the first results of the survey are presented and interpreted. So far the interpretations cover the city of Cologne only. Although the data from Dresden has been fully recorded, some coding errors occurred, thus an interpretation is not yet possible. The close cooperation with the city of Cologne allowed us to cross-check the representative quality of the actual sample with regard to the statistical figures collected alongside the core questions. An expert from the Bureau of Urban Development and Statistics from Cologne came to the conclusion, that the representative quality is high and that it coincides with the structural data that Cologne gathered within the framework of the normal census and statistical surveys. This is an important aspect, since it allows extrapolations from the data collected in the UNU-EHS survey for certain districts or the entire city of Cologne.
Exposure
The evaluation of the data for the exposure of the interviewed households concerning the dangers of flooding reveals interesting results. By combining the questions ‘Is your house or your flat located in an area endangered by flooding’ and ‘Did you receive or gather information on the danger of flooding for your house’, for example, it becomes apparent that 82% of the households not having received or gathered information on the danger of flooding estimate the house to be located in an area vulnerable to floods. In contrast, only a small percentage of those households having received or gathered information on the dangers of flooding for their houses actually consider their houses to be endangered by flooding. Approximately 93% of the informed households, according to their evaluation, do not deem to be living in an area endangered by extreme flooding events. This means that those persons who perceive to be living in a flood prone area have received or gathered by far less information than those households estimating that their place of residence is not endangered. A comparison of these results with the real exposure is still to come.

Susceptibility

In order to collect data concerning susceptibility, the survey included questions dealing with evacuation capabilities. Those involve questions about the ability to self-contained evacuation in case of flooding as well as the time needed to do so. Social networks and possible choices or preferences for shelter are also important factors the survey investigates. Regarding the question whether the interviewees, in case of flooding, would be able to evacuate themselves and the members of their household without any external help, the survey results show that the vast majority of households (85%) have answered this question affirmatively; however, there are 13% of households yet which either answer in the negative or cannot affirm it for sure. Analyzing the responses to the same question posed to one and more than on one person households, the following patterns show up: a majority among the one person households considers themselves to be dependent on others in case of an evacuation, which means that the percentage of one person households perceiving not to be able to evacuate themselves is significantly higher than those households with more than one person. The analysis of the evacuation behaviour might additionally reveal insights into the strength of social networks, which in case of an emergency or disaster could be an important safety net: approximately 80% of the surveyed households would, in case of flooding, seek shelter either at the home of their close friends or relatives. A close correlation can be drawn between the age of the interviewees and the place where they would seek shelter. The age group between 60 and 79 consists to a considerable degree of households who assumedly cannot rely on social networks, which means they are forced to seek shelter either in hotels, municipal facilities or emergency accommodation (18%). Analyzing the same matter with different age groups, it shows that within the 65+ age group the same places of refuge would be chosen by around 8%, whilst in the group between 0 – 29 years of age only 3.5% answer the question accordingly. Another interesting observation is the fact that 46% of people who would seek shelter within emergency accommodation belong to the group of 60-79 year-olds, yet they only form 32% of the overall households. This means that out of the groups that would chose emergency accommodation as their place of shelter, the 60-79 year-olds are over-represented. A similar observation is made when identifying the age groups that would seek shelter in a hotel or pension. Over 60% of people picking this answer are between 60 and 79 years of age, which is also well above average compared to the overall population.

Coping Capacity

For the city of Cologne and the situation in the western, the so called ‘old’, Federal States of the Federal Republic of Germany the insurance coverage for possible damages caused by floods is an important variable to determine the coping capacity. To address this matter, the questionnaire includes questions concerning insurance policies, particularly whether the household is protected by elementary risk insurance, covering possible losses caused by flooding. The evaluation (see Figure 2) shows a correlation between household income and insurance coverage of the house. When setting up the questionnaire, it was on the hypothesis that insurance coverage would vary between the different districts within the city. Another hypothesis assumed that both the insurance coverage of the more economically well-off households as well as of those more exposed (higher exposure zone - HQ100) would be above average. The results for Cologne show, however, that only 25% of households actually have elementary risk insurance at all. A correlation analysis between the household income and the availability of elementary risk insurances showed that high-income households have a higher chance to be adequately insured than low-income households.

Figure 2: Relation between Income and the share of households ensured against flood risk in Cologne
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Source: Birkmann et al. 2008, p. 45

Figure 1 points out a significant correlation: The elementary risk insurance cover increases according to the income level of the households (coefficient of correlation: 0.529). The amount of households with an income of less than 2500 Euros/month which have sufficient insurance coverage towards flooding is considerably low - increases gradually with a rising income. Out of the households who contracted this insurance, 76% are homeowners and 19% are tenants, hence the majority of people being covered by such insurance are the actual homeowners.

6. Conclusions
The household survey shows that it is possible to develop additional criteria and indicators to measure the vulnerability of people exposed to floods from the combination of statistical data and the newly created data set. Particularly the capability of self-contained evacuation and other coping capacity indicators provide a more in-depth picture of the vulnerability of different areas than the general statistical data. Furthermore, our questionnaire based results can be used to validate vulnerability indicators selected from census data. The household survey in Cologne has clearly revealed that households with young children as well as with elderly people – even though they might be embedded in a family with many persons of working age – need significantly more time to evacuate in case of an emergency than households composed solely of members in working age, to give but a few examples. The exact evacuation times can be used to project the evacuation difficulties even for the whole city based on the age and structure of the households. Additionally, the survey clearly indicated that the share of elementary risk insurance per household correlates with an increasing income level. This means that high income groups in general have potentially higher coping capacity in terms of possible economic loss. Interestingly, the flood insurance (elementary risk insurance in the case of Cologne) is not very expensive, thus even households with a lower income can afford it. Plausible explanations could be that these households have a different preference structure or that also insurance agents are focusing primarily on high income households rather than those in the medium and low income level segments, which indicates this result may derive from the preferences of the insurance agents rather than from the actual cost of the insurance, thus explaining the distribution. 

Overall, the study provides new insights on how to capture vulnerability at the local level – with particular reference to human vulnerability and coping capacity. The study is ongoing and its major products will be the development of guidelines regarding the measurement and assessment of vulnerability at the local level. These guidelines will encompass the documentation of the different methods and approaches used to measure vulnerability and coping capacity as well as recommendations to reduce vulnerability. 

7. Excursus: Vulnerability of critical infrastructures on the local level

Dealing with critical infrastructures, one has to be aware of the fact that analysis must encompass different levels: Critical infrastructures consist of isolated elements (1) that are by themselves vulnerable to natural hazards to a certain degree. These elements on a higher level of description usually operate as a system (2) and only in their combination fulfil their vital function within society and the purposes given in the definition above. The analysis of the system as a whole has to pay special attention to the function and relevance of each single element in order to make valid statements on the system’s vulnerability. The elements can be combined in different modes (3) that might result in different degrees of vulnerability. On the highest level of description some critical infrastructures are interlinked in a network that outreaches the regional scope (4). Energy supplies as well as transportation systems stretch across vast spatial units and subsequently grid failures and blackouts can have a far-reaching cascading effect. 

A challenge the analyst will have to face on every single level of description is the interconnectedness of the critical infrastructure systems. The breakdown of energy supplies for instance, would not only be critical to the functioning of private household facilities but will have an instant effect on communication systems and, at least in the long run, seriously endanger the health sector and financial services. 
At the moment within the overall project a framework for systematically assessing the vulnerability of critical infrastructures that will in the end allow for both very detailed analyses on each level and a generalized statement on the vulnerability level of the critical infrastructures of a city such as Cologne and Dresden is being worked on. The analysis aims at integrating not only GIS-based data but also qualitative data from expert talks as well as relevant legal statutes.
8. Acknowledgements

The BBK project is funded by the Federal Office of Civil Protection and Disaster Assistance (BBK)
9. References

Birkmann, J. (Ed.) 2006. Measuring Vulnerability to Natural Hazards: towards disaster resilient societies. United Nations University Press, Tokyo, New York

Birkmann, J. 2008. Global Environmental Change, Natural Hazards, Vulnerability and Disaster Resilience (Globaler Umweltwandel, Naturgefahren, Vulnerabilität und Katastrophenresilienz). Raumforschung und Raumordnung, 1/2008: 5-22

Birkmann, J.; Krings, S.; Kühling, W.; Liese, K.; Voigt, S.; Roth, A., Gähler, M.; Taubenböck, H. 2008. Third Interim Report of the Project: Indicators to assess vulnerability and coping capacity at the local level, Bonn, Germany.

Bogardi, J.; Birkmann, J. 2004. Vulnerability Assessment: The First Step Towards Sustainable Risk Reduction. In: Malzahn, D.; Plapp, T. (Eds.). Disasters and Society - From Hazard Assessment to Risk Reduction, Berlin, S. 75-82
Cardona, O.D.; J.E. Hurtado; A.C. Chardon, A.M. Moreno; S.D. Prieto; L.S. Velasquez, G. Duque 2005. Indicators of Disaster Risk and Risk Management. Program for Latin America and the Caribbean, Summary Report for World Conference on Disaster Reduction, IDB/IDEA Program of Indicators for Disaster Risk Management, National University of Colombia/ Inter-American Development Bank; (available in the web: http://www.iadb.org/int/DRP/Ing/Red6/Docs/IDEAR06-05eng.pdf)

Holling, C.S. 1973. Resilience and stability of ecological systems. Annual Review in Ecology and Systematics (4), p. 1-23

IPCC (Intergovernmental Panel on Climate Change) 2007. Climate Change 2007: The Physical Science Basis – Summary for Policy Makers, Paris – (available in the web: www.ipcc.ch/SPM2feb07.pdf)

Kasperson, J.X.; Kasperson, R.E. 2005. The Social Contours of Risk, Volume 1: Publics, Risk Communication and the Social Amplification of Risk. Earthscan, London, UK

Kreibich, H.; Thieken, A. 2008. Coping with floods in the city of Dresden, Germany. Natural Hazards (in print)

Merz, B. 2006. Hochwasserrisiken, Grenzen und Möglichkeiten der Risikoabschätzung. Schweizerbart’sche Verlagsbuchhandlung, Stuttgart, Germany

Plate, E., J., Merz, B. and Eikenberg, C. 2001. Naturkatastrophen: Herausforderung an Wissenschaft und Gesellschaft. In: Plate, E., J. & Merz, B. (Eds.) Naturkatastrophen. Ursachen - Auswirkungen - Vorsorge. Schweizerbart, Stuttgart

Turner, B. L., Kasperson, R. E., Matson, P. A., McCarthy, J. J., Corell, R. W., Christensen, L., Eckley, N., Kasperson, J. X., Luers, A., Martello, M. L., Polsky, C., Pulsipher, A. and Schiller, A. 2003. A framework for vulnerability analysis in sustainability science. Proceedings of the National Academy of Sciences of the USA, 100, 14, 1-6. 

White, G. F. 1945. Human adjustment to floods. A geographical approach to the flood problem in the United States, Doctoral thesis, The University of Chicago, Chicago. 

Income class 





Share of households with a flood risk insurance








1
PAGE  
2

