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INDICATOR DESIGN FOR FLOOD VULNERABILITY ASSESSMENT

United Nations University Institute for Environment and Human Security, Germany

Nizhny Novgorod State University of Architecture and Civil Engineering, Russia

Introduction

Developing, testing and implementing indicators to identify and assess vulnerability and coping capacity to floods is an important pre-requisite for effective disaster risk reduction. Although strengthening capacities to reduce hazardous events are important (magnitude and frequency of hazardous events), it became evident that we have to live with natural hazards, such as floods. Particularly in view of the ongoing global warming and the increasing frequency of extreme weather events technical solutions alone, such as dams and dykes, will not be adequate to ensure human security in the long term. Therefore it is important to promote a paradigm shift form the quantification of the hazard and primary focus on technical solutions towards the identification and assessment of the various vulnerabilities of societies, their economy and environment. 

The international community stressed the fact that there is a collective requirement worldwide to increase the understanding of vulnerability and also to develop methodologies and tools to measure and assess vulnerability and risk. In this context the final declaration of the World Conference on Disaster Reduction (WCDR) in Kobe, Japan in 2005, underlined precisely the necessity to develop vulnerability indicators in order to enable decision-makers to assess the impact of disasters (Hyogo Framework for Action 2005-2015, UN 2005). 

The precise formulation of the necessity to develop vulnerability and risk indicator is an important step forward, however, major difficulties arise if one aims to operationalize the multi-faceted and complex concept of vulnerability (Birkmann 2006). The numerous definitions of vulnerability (see e.g. Thywissen 2006) correspond to numerous ways of conceptualising, assessing and quantifying it (Schneiderbauer/Ehrlich 2004). Downing concludes that a confusion of meanings has surrounded vulnerability research, and even more so applications (Downing et al 2006). He stresses the fact that the indiscriminate use of indicators for measuring vulnerability - pick any that seems to be relevant and/or available - must be avoided; rather, it is important to define and develop a model or framework to serve as a systematic basis for indicator development and selection (Downing 2004). That means good practice of vulnerability indicators has also to examine the underlying framework of the respective approach. 

This chapter gives an insight into some theoretical fundamentals of vulnerability indicators and illustrates the state of the art on selected current approaches. Furthermore a new conceptual framework for vulnerability assessment and vulnerability indicators will be introduces and first results of its application into a questionnaire based vulnerability assessment are outlined. 

Theoretical fundamentals: indicators, data and goals 
Interestingly, the term indicator is well known and indicators are broadly applied in economic and environmental analyses. For example the GDP is an important and well known indicator in the economic assessment of countries. However, only few approaches formulate precisely what they define as an indicator, especially in contrast to normal data. Currently, different authors define indicators differently and one can find many contradictions regarding the general concept of an indicator. 

Based on the discourse regarding indicators for sustainable development Gallopin (1997) defined indicators as variables (not values), which are an operational representation of an attribute, such as a quality and/or a characteristic of a system (Gallopín 1997: 14). 


Consequently a vulnerability indicator can be defined as an operational representation of a characteristic or quality of a system able to provide information regarding the susceptibility, coping capacity and resilience of an element at risk to an impact of an albeit ill defined event (flood, landslide, drought) linked with a hazard of natural origin (Birkmann 2006). 
The relevance of the indicator to estimate a quality or characteristic of a system or element at risk arises from the interpretation made about the indicator and its relationship to the phenomena of interest. That means assigning a meaning to the variables and defining the indicting function of the indicator makes an indicator out of a single variable or data set (Birkmann 2004). 

In this context it is essential to acknowledge that the main interest is not in the indicator itself, but in the indicandum (phenomena of interest). The quality of the indicator is determined through the ability of the function to indicate the characteristic of a system that is relevant to the underlying interest determined by the goal or guiding vision. The link between the indicator and the indicandum should be theoretically well-founded. The interrelation between indicators, data and goals can be illustrated as shown in Figure 1, revealing the necessity for any indicator development to collect data as well as to formulate goals that define the underlying interest. 
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Source: Birkmann et al 1999: 122

Fig. 17: The model of the three pillars: indicators, data and goals 

The figure shows the fact that the assumptions and judgements made in selecting relevant issues and data for the indicator development, as well as the evaluation of the indicator’s usefulness, require the existence of goals, whether implicit or explicit. Interestingly one can find at least tow different indicator – goal relations. 

· On the one hand some vulnerability indicator approaches focus on the direction of the development or a comparison between the current “vulnerability status” and the “status in the past”, this allows evaluating whether vulnerability is increasing or decreasing. 

· On the other some indicator approaches regarding vulnerability and damage assessment are focussing on precise goals for the specific indicator to define vulnerability. Especially the insurance industry is able to estimate precisely a value and target of potential economic losses of a firm or a household due to a specific event, such as a flood event of the magnitude HQ 200 for calculating their insurance risk. However, the definition of a single value to estimate, for example, social vulnerabilities is often problematic and needs additional interpretations. 

Since vulnerability assessment and also the judgement whether the value shows a high or low vulnerability is a complex task, many approaches define a relative vulnerability that views, compares and interprets vulnerability between different groups, entities and geographic areas in order to assess it, such as the relative vulnerability calculation within the Disaster Risk Index developed by UNDP (UNDP 2004). 

Requirements, functions and quality criteria 
The usefulness of vulnerability indicators is determined by their success in achieving their objective and function, such as identification and visualisation of different characteristics of vulnerability or evaluation of political strategies and monitoring of its implementation. According to Benson (2004) the identification and the understanding of vulnerability and its underlying factors are important functions of measuring vulnerability (knowledge for understanding). 

In contrast to the intention to create primarily knowledge for understanding, Queste and Lauwe (2006) (in Birkmann, 2006) underline from a practitioner point of view that vulnerability indicators are needed for practical decision-making processes, such as to provide disaster managers with appropriate information about where the most vulnerable infrastructures are. That means they underline the interest to use indicators not only for understanding vulnerability, rather they aim at using them for direct decision making (knowledge for action).

Generally, any indicator development should be based on quality criteria that support the selection of sound indicators. While standard criteria for indicator development encompass, for example, the fact that these indicators should be “relevant”, “analytically and statistically sound”, “reproducible” and “appropriate in scope”, participatory indicator development often focuses on criteria such as “understandable”, “easy to interpret” and “policy-relevant”. In contrast practitioners often underline that indicators which should be applicable in praxis need to be “based on available data” as well as be “cost effective” (Birkmann 2004). An overview of standard criteria for selecting good and appropriate indicators is shown in figure 2. This overview underlines the fact that many criteria have to be specified according to the specific intention and context of the approach, such as the “relevance for the topic” and the “policy relevance”. This also explains why different approaches imply different priorities and weightings of these criteria.

While, for example, the international indexing projects, such as the Disaster Risk Index and the Hotspots programme, define the availability of already existing data as a key criterion for providing useful global information in order to allow comparison of different countries, methods of self assessment regarding vulnerability and coping capacity often do not count for available data (Wisner and Walter 2005); rather these approaches focus on people’s knowledge and policy relevant recommendations.

However, one of the most difficult points in measuring vulnerability is the gathering of appropriate data. 

Besides the discussion of major functions and quality criteria of vulnerability indicators, the analysis of the process of indicator development is important in order to understand the different phases and judgements that the construction of indicators and criteria are based on. 

Phases of indicator development 
Based on research regarding environmental assessment, the development process of indicators can be classified into nine different phases. According to Maclaren (1996), indicator development starts with the definition or selection of relevant goals. Thereafter a scoping process clarifies the scope of the indicator by identifying the target group and the associated purpose for which the indicators will be used as well as the temporal and spatial bounds, which means identifying the time frame over which indicators are to be measured and determining the spatial bounds of the reporting unit. In a third phase a conceptual framework has to be formulated in order to structure the potential themes and indicators. The fourth phase implies the definition of selection criteria for the potential indicators as shown in figure 2. In this context a crucial task for all approaches aiming at measuring vulnerability is to find the right balance between the accuracy of data and the limited data available. 
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Source: based on the general figure according to Maclaren 1996: 189

Fig.  19: Development process of indicators

The fifth phase a list of potential indicators is derives, while in the sixth phase a final set of indicators is selected. The analysis of data and the application of the indicators in selected areas is often the most difficult one, especially since many characteristics of vulnerability are linked to intangible factors and aspects which are difficult to quantify, such as coping capacity of households to floods. The final phases of the indicator development can be seen in the preparation of a report and the assessment of the indicator performance (Maclaren 1996). 

The whole development process according to Maclaren is an “ideal process”, which in practice is characterized more through an iterative procedure of going backwards and forwards. 

Current concepts

In the last 5 years important initiatives and research projects were initiated to assess risk and vulnerability at global, national, sub-national and local level. An overview of major approaches for measuring vulnerability, risk and coping capacity as well as lessons learned can be found in Birkmann 2006. Moreover, important reviews of selected approaches to assess vulnerability can be studied in Birkmann 2005 and the website of the ProVention Consortium. In order to provide an overview of the variety of current concepts, their challenges and limitations two approaches are presented in the following. The first approach is the Disaster Risk Index developed by UNDP and experts for the global scale. In contrast the second approach shows a case study of vulnerability and risk identification at the local scale adopted by the German Technical Cooperation (GTZ).

The Disaster Risk Index
In order to promote prevention and other risk reduction measures the United Nations Development Programme (UNDP) conceived the idea of creating an index based on a quantitative approach that would allow for comparisons between countries. The challenge was how to compare countries hit by different hazard types, such as drought versus floods? The response was to build an index based on mortality. One person killed by a cyclone is comparable to one person killed by a flood (Peduzzi 2006). Moreover, the Disaster Risk Index (DRI) of UNDP aims to demonstrate the ways in which development influences disaster risk and vulnerability. The DRI has global coverage and a national scale of resolution. The DRI is applied in full to earthquakes, tropical cyclones and flooding. Preliminary analysis was also undertaken for volcanoes, landslides and drought. 

Vulnerability is perceived as the concept that explains why people with the same level of physical exposure can be more or less at risk. Coping capacity and adaptive competence are then the variables that modify the vulnerability. In order to compare the vulnerability levels of different countries, the DRI calculates the so-called relative vulnerability of a country to a given hazard. 

The relative vulnerability is obtained by dividing the number of people killed by the number of people exposed. The more people killed in proportion to the people exposed, the more vulnerable a country is to the given hazard.
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Source: EM-DAT OFDA/CRED and UNEP/GRID-Geneva (in UNDP, 2004)

Fig. 20: Relative vulnerability for flooding, 1980-2000

Higher relative mortality equates to higher relative vulnerability. The simplicity of the model means that no country is excluded for showing outlier characteristics. 

The high relative vulnerability displayed by Venezuela (upper left hand site) is a result of the large number of deaths associated with catastrophic flooding in 1999. Also China and India show a high number of average annual deaths due to floods, however, these countries have also the highest average population exposed to floods. Therefore the result and position of Venezuela in the upper part – with a lower amount of people exposed indicates a higher relative vulnerability value.

The time-period of mortality data availability for example for flooding is 21 years, thus the time span is relatively short. This also explains that Venezuela with one major event during this time period shows up as a highly vulnerable country. 

The second measure of vulnerability aims to identify those socio-economic variables that best explain recorded mortality to individual hazard types. A step-wise multiple-regression is used with disaster mortality from EM-DAT as the dependent variable. Independent variables include physical exposure and a list of 24 socio-economic variables selected by an expert group to represent: economic status, type of economic activities, environmental quality, demography, health and sanitation, education and human development. Those independent variables that best explain the variation in the dependent variable are chosen to describe the global characteristics of vulnerability for each hazard type. The analysis identified the following variables for flood risk in addition to physical exposure: 

· Low GDP per capita; and

· Low density of population.

In other words, according to the DRI, the risk of dying in a flood is greatest in countries with high physical exposure to flooding, small national economies and low densities of population. These results may show the greater difficulty of preparing for floods in low density rural areas (Pelling 2006). That means also that urban agglomerations and megacities might be the hotspot of vulnerability regarding the concentration of values, however, these areas do often also have considerable resources for dealing with hazards and disasters, thus their coping capacity is higher than the respective capacities in rural communities.

Interestingly the global analysis showed that especially the least developed countries are most vulnerable, since although they only represent 11% of the physical exposure to hazard, they were accounting for 53% of the casualties. In contrast the most developed countries represent 15% of the physical exposure to hazards, yet they only account for 1.8% of the victims (Figure 4). This disparity also can be understood as an indication that the status of development has an impact on the potential of being killed by hazards of natural origin under the same conditions of exposure. 
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Source: Peduzzi et al. (2005)

Fig. 21: Comparing exposed and killed per category of Human Development

The results were surprising and showed strong correlations. However, the approach does not accommodate the fact that disasters affect people’s lives and livelihoods in many ways besides the loss of life. People may also suffer injury, illness or stress (physically as well as psychologically), houses may be destroyed and social networks disrupted. Although the number of people killed and death is a robust indicator, the approach limits the assessment of vulnerability to an ex-post analysis of past mortality. Moreover the DRI accounts only for large- and medium scale disasters, defined as those events involving more than 10 deaths, 100 affected and/or a call for international assistance. Thus small and medium scale events which might cause many losses are not counted if they do not imply the loss of life. Moreover, the relatively short time span (1980 to 2000) of the survey and data is a problematic factor, since some countries might show up as highly vulnerable due to a single event. Overall, the study proved the connection between the level of development and vulnerability. 

Local Approach – GTZ
In contrast to a global vulnerability and risk assessment which focus necessarily on a very limited number of indicators, the following approach shows a local disaster risk index approach using various variables. The Community-Based Risk Index developed by GTZ and partners aims at identifying the vulnerability and the capacities of households and local communities to manage and overcome disasters. It is a quantitative tool that was developed and tested in selected areas in Indonesia. The conceptual framework for the community-based disaster risk indicator system is based on the conceptual framework of Davidson, who defined risk as a result of the interaction of the hazard, exposure, vulnerability and capacity. Thus vulnerability in this framework is clearly separated from exposure and coping capacity (see figure).

Source: Davidson 1997: 5; and Bollin et al. 2003: 67

Fig. 22: The conceptual framework to identify disaster risk

The indicator approach of the GTZ was structured according to these components. The result is an indicator set of 47 individual indicators (see the following table and Bollin, Hidajat 2006). 

	Main factor and factor component
	Indicator name
	Indicator

	EXPOSURE
	
	

	Structures
	(E1) Number of housing units

(E2) Lifelines
	Number of housing units (living quarters)

% of homes with piped drinking water

	Population
	(E3)Total resident population
	Total resident population 

	Economy
	(E4) Local gross domestic product (GDP)
	Total locally generated GDP in constant currency



	VULNERABILITY
	
	

	Physical/
demographic
	(V1) Density

(V2) Demographic pressure

(V3) Unsafe settlements

(V4) Access to basic services
	People per km2

Population growth rate

Homes in hazard prone areas (ravines, river banks, etc)

% of homes with piped drinking water

	Social
	(V5) Poverty level

(V6) Literacy rate

(V7) Attitude

(V8) Decentralisation
 

(V9) Community participation
	% of population below poverty level

% of adult population that can read and write

Priority of population to protect against a hazard

Portion of self-generated revenues of the total budget

% voter turn out at last communal elections

	Economic
	(V10) Local resource base

(V11) Diversification

(V12) Small businesses

(V13) Accessibility

	Total available local budget in US$

Economic sector mix for employment

% of businesses with fewer than 20 employees

Number of interruption of road access in last 30 years



	Environmental
	(V14) Area under forest

(V15) Degraded land

(V16) Overused land
	% of area of the commune covered with forest

% of area that is degraded/eroded/desertified

% of agricultural land that is overused




Source: Bollin/Hidajat 2006

 Fig. 23: Set of community based disaster risk indicators (selection exposure + vulnerability)

For each indicator cut-off points were defined in order to classify the result in low/medium/high vulnerability. Moreover, the individual indicators were weighted, for example with hazard specific weighting factors, taking into account the importance of the different indicators for the specific hazard, such as for floods (Bollin/Hidajat 2006). This weight had also to be adjusted for the country specific conditions and has been defined in Indonesia, mainly with experts from national research institutions, universities, NGOs and representatives from local government. Finally, the overall composite risk index is derived from the four factor indices resulting again in a score that ranges between 0 and 100. The "Community Based Disaster Risk Index" was applied in selected case study areas in Indonesia, such as in Yogyakarta, Central Java. The following figure provides an illustration of the results and the comparison of the different disaster risk index elements (hazard, exposure, vulnerability, capacity and the sum risk) between a community of the Sikka district and a community from the Kulon Progo district. The risk index of the two communities is almost the same. However, if one takes a closer look at the factor scores one can see that the hazard has almost the same value. The difference between the two communities can be found essentially in their exposure and capacity scores. 
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Fig. 24: Results for two communities: a) the Sikka district and b) in Kulon Progo district

It turned out that the indicator system is a good tool for sensitising decision makers and creating awareness about the complex forces driving disaster risk. It is useful to have a structured system for these different aspects of risk that helps to clarify the conceptional terms of exposure, vulnerability and capacity. However, many indicators are solely measuring vulnerability indirectly and also the differentiation between exposure, vulnerability and coping capacity need to be reviewed. Especially since some indicators are even the same. Thus the approach uses a broader set of indicators and represents more characteristics of disaster risk, but on the other hand the concept of vulnerability is very narrow and is excluded from coping capacity and exposure. 

Comparison 

Although the brief description of the approaches also showed major differences, one can systematize major differences of the approaches according to the following criteria: spatial focus, function and the thematic scope. Furthermore, the data basis, the target group and the level of aggregation are important criteria to distinguish current approaches (see table 2). 

	Criteria
	Disaster Risk Index
	Community based Disaster Risk Index



	Spatial level
	Global 

(national resolution)


	Municipal level

	Function of the approach
	Identification of vulnerability

Comparison of vulnerability between countries


	Identification and knowledge generation

Empower​ment of people

Promoting gender equity



	Thematic focus on vulnerability
	Mortality

(average annual death) as the calculation of relative vulnerability, various socio-economic aspects (24 variables) are selected in order to explain the variation of the vulnerability between countries


	Vulnerability regarding physical, demographic, social, 

economic and environmental assets

	Data basis


	CRED (Center for Research on the Epidemiology of Disaster)


	Questionnaire based data

	Target group
	International community and national states 


	Local population, local government

	Link to goals
	No direct link to goals
	Classification of vulnerability (low, medium and high)

No direct link to goals



	Level of aggre-gation


	Medium

(the relative vulnerability measure shows a relatively low aggregation level, the exposure component is more complex)
	Medium, high

indicators and index

(47 single indicators, aggregation into 4 factor scores and 1 risk index)




Source: own figure

Fig. 25: Overview of the selected indicator approaches to measure vulnerability

The “BBC-framework” for measuring vulnerability

While some approaches view vulnerability primarily with regard to the degree of experienced loss of life (mortality) (e.g. Disaster Risk Index), the BBC conceptual framework addresses various vulnerabilities in the social, economic and environmental sphere. These three spheres have been defined as the three main pillars of sustainable development (UN 1993, Agenda 21; WCED 1987). That means the BBC-framework also accounts for example for environmental vulnerability, which is often difficult to assess (Renaud 2006).

The BBC framework stresses the fact that vulnerability analysis goes beyond the estimation of the deficiencies and the assessment of disaster impacts in the past. It underlines the necessity to view vulnerability within a process (dynamic), which means focussing simultaneously on vulnerabilities, coping capacities, and potential intervention tools to reduce vulnerabilities (feedback loop system). In contrast to some other approaches which define vulnerability separate from coping capacity and exposure, the BBC-framework views vulnerability as the susceptibility and the degree of exposure of an element at risk as well as the coping capacity. Furthermore the BBC-framework underlines the importance of focussing simultaneously also on potential intervention tools to reduce vulnerability (Birkmann 2006). 
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Source: Author, based on Bogardi/Birkmann (2004) and Cardona (1999/2001)

Fig. 26: The BBC conceptual framework

The term “BBC” is linked to conceptual work done by Bogardi/Birkmann (2004) and Cardona (1999/2001), which served as a basis for this approach. It grew from three discussions: how to link vulnerability, human security and sustainable development (Bogardi/Birkmann 2004); the need for a holistic approach to disaster risk assessment (Cardona 1999/2001; Cardona/Hurtado 2000a/b/c, Cardona/Barbat 2000, and Carreño/Cardona/Barbat 2004/2005a/b); and from the broader debate on developing causal frameworks for measuring environmental degradation in the context of sustainable development. 

Through the linkages between sustainable development and vulnerability reduction, the BBC conceptual framework underlines the necessity to give due account to environmental considerations, on which human conditions depend. Moreover, the BBC conceptual framework promotes a problem-solving perspective, by analysing probable losses and deficiencies of the various elements at risk (e.g. social groups) and their coping capacities as well as the potential inter​vention measures, all within the three key thematic spheres. In this way it shows the importance of being proactive in order to reduce vulnerability before an event strikes the society, economy or environment (t=0). 

The BBC-conceptual framework implies that the development of vulnerability indicators and the assessment of vulnerability should address on the one hand the susceptibility and exposure of different elements at risk in the economic, social and environmental sphere on the other it should also identify and assess coping capacities and potential intervention tools. 

Implementation of the BBC framework in Europe and Russia
In the first phase of the vulnerability assessment research in Russia an overview of statistical data was developed as well as a questionnaire-based vulnerability assessment approach. This is aimed to explore various characteristics of vulnerability of different social groups and economic sectors to floods in the Volga Basin. It takes into account different elements outlined in the BBC-framework. 

The questionnaire 1) examined the degree of exposure of different social groups and the susceptibility of the different households; 2) captured aspects of coping capacities, such as social networks and membership in local organisations. 

The first testing of the questionnaire showed that in the selected villages in the Volga Basin only minor damages occur due to recent floods. However, the questionnaire will be revised and conducted for the second time more broadly in those communities which will face the spring flood. It will  allow to get a more comprehensive picture and to assess potential intervention tools and actions undertaken by different agencies involved in disaster management, such as EMERCOM. 

The questionnaire-based assessment was chosen, since the normal statistic does only encompass very general aspects related to vulnerability. Although the testing of the questionnaire-based vulnerability assessment revealed important differences between various social groups, the direct impact of flooding and under-flooding in the Volga Basin implies primarily only minor damages, thus it is more complicate to examine the specific coping strategies and coping capacities of affected people.  Vulnerability to floods is highest for small settlements located on small rivers. 
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Preliminary conclusions

One of the most important goals of developing tools for measuring vulnerability is to help bridge the gaps between the theoretical concepts of vulnerability and day-to-day decision-making. Therefore it is important to view vulnerability as a process encompassing the susceptibility and coping capacity of affected societies, their economy and environment as well as to identify and measure potential intervention tools. These coping capacities and intervention tools require a more specific analysis of the instruments and agencies involved in Disaster Management in the specific country. Moreover, it is essential to use a broader thematically framework to assess vulnerability, for example to include also environmental aspects and the vulnerability of environmental services. Especially in Russia and in the Volga Basin flooding does not imply many fatalities, thus this indicator (mortality) - which is often used in global approaches - does not provide an adequate basis for local and sub-national vulnerability assessment in the Volga. Besides the broader conduction of the questionnaire-based vulnerability assessment in spring 2006, it is important to also examine the specific data sets the disaster management agencies to have, such as EMERCOM. Furthermore, the data and indicators which can be derived and tested need to be evaluated in a following phase. This evaluation of the indicator results should especially take into account the following question:

· How do perceptions of vulnerability (hypotheses of main characteristics and driving forces) compare with the revealed vulnerability in disasters?

Finally it will be important to examine how for these indicators and information can also be applied in decision-making processes and tools at the local and sub-national level. However, the research regarding the development of vulnerability indicators to assess the vulnerability of different social groups and economic sectors to floods in Russia is in its initial phase
. We expect that it take at least 1 or 2 more years to create a profound basis to assess vulnerability at the local level and to derive specific policy recommendations out of it.
Fig. 18: Standard criteria for indicator development
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(see EEA 2004; Birkmann 2004; NZOSA 2004; Berry, 1997; Parris 2000)
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� Advanced version of questionnaire will include questions: 1) Householder decision on house design and construction 2) Insurance 3) Measures preventing flood losses (New constructions, facilities, materials) 4) Detailed description of reduction of losses during and immediately after flood 5) Participation of local community and relatives in reduction of losses 6) Readiness to help on community level 7) Importance of external experience, education/training 
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