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INTRODUCTION

In recent decades, various natural hazard events have caused considerable economic and social damage both inside and outside Austria.
The impacts of these events depend on their frequency and magnitude, the exposure of residential and non-residential properties, agri-
cultural areas and infrastructure, but also on the social and psychological vulnerability of individuals (Cutter et al. 2003). Impacts are not
limited to material damage to physical assets, but also include intangible damage such as psychological and health-related impacts, such
as mental health or individual well-being (Babcicky & Seebauer 2021). These challenges will increase due to climate change (Bloschl et
al. 2019). However, future risks are not equally distributed among all populations and regions (Thaler & Jongman 2018). For instance,
low-income groups of people are doubly affected by social inequality: they are exposed to higher risks, and they have lower capacities and
socio-political support to cope with the impacts of natural hazard events (Tyler et al. 2023). However, the current decision-making process
in selecting risk reduction measures is still oriented towards socio-economic assessments, such as the cost-benefit analysis, which bare the
risk of increasing the spatial inequality within a region. Due to lower economic assets, especially rural communities often reach a low or

negative cost-benefit ratio.

Cost-benefit analysis for technical mitigation measures focuses on the physical damage potential, that is, on determining the physical vul-
nerability of residential and commercial buildings as well as linear infrastructures, such as roads, railroads, or water pipes (Penning-Rowsell
2021). The physical damage potential is evaluated in monetary-economic terms, not least because proven and established assessment meth-
ods are available for this purpose. However, the actual extent of damage from a hazard event also depends on the characteristics of the
affected individuals (Cutter et al. 2003; Weber et al. 2018). Thus, the question arises whether the current emphasis on physical damage leads
to unequal treatment of affected individuals and communities (Penning-Rowsell 2021). For instance, poorer communities could receive less
protection because their buildings and possessions amount to less potential damage in monetary terms. Thus, social indicators could help
in identifying vulnerable groups (Babcicky & Seebauer 2021). Typical social indicators are socio-demographic characteristics such as age,

gender, income, home ownership, and education level (Cutter et al. 2003).

Cost-benefit analysis is established in the EU Floods Directive (EU 2007) and in national guidelines (BMLFUW 2008). In Austria, the practical
implementation of the cost-benefit analysis in flood risk management focuses on the monetary calculation of the avoided physical damage
(=benefit) to e.g. residential buildings, business premises and infrastructure facilities. A positive benefit-cost ratio serves as a decision crite-
rion (BMLFUW 2008). As of now, intangible damages and impacts, such as individual well-being, the risk of casualties, ecological impacts,
the protection of cultural assets, etc., are taken into account in the so-called “sub-balance 2”. The assessments in sub-balance 2 are made on

the basis of qualitative data and in practice have only minor significance and a low steering effect (BMLFUW 2008).

Thus, despite clear empirical evidence for the importance and differentiation of social vulnerability in natural hazard management, it is not
sufficiently reflected in current procedures for cost-benefit assessments. We present an approach on how social vulnerability can be inte-
grated into existing guidelines and assessment tools. This paper shall contribute to a more social justice in Austrian flood risk management,

especially with regard to the social consequences of climate change for disadvantaged groups and for rural regions.

METHODS
We review international guidelines and tools in which social vulnerability is already implemented and examine their transferability to the
Austrian context. A set of indicators is created to measure social vulnerability, assigns data sources to these indicators and weights the

indicators using multi-criteria analysis.

This set of indicators is validated on several Austrian case studies to show the differences and the added value to conventional cost-ben-
efit studies. We choose four case studies for which a conventional cost-benefit study is already available, covering larger community-wide
measures as well as small-scale projects that affect only a few households; cases where the conventional cost-benefit study was clearly or
narrowly positive; and cases with strong public interest (e.g., rural outmigration, protection of local employers). The results when integrating

social indicators are compared with the decisions already taken by the public authorities to see if social factors or non-monetary aspects can
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be better reflected in the decision-making process in order to make investments more accurate.

RESULTS AND DISCUSSION

Our paper incorporates social and psychological factors into a new decision-making tool for selecting optimised flood risk management
strategies. The decision-making tool integrates the current cost-benefit analysis into multi-criteria decision analysis. The tool is designed as
a Geographical Information System based online platform that integrates different geocoded data sources and makes them accessible in a
user-friendly way for planners as main users. This platform brings together and regularly interfaces with data from Austrian Microcensus,
building and dwelling register, Graph Integration Platform, regional statistical grid, nature conservation, EU Statistics of Income and Living
Conditions, etc. Data on population structure (age, income, social welfare recipients, gender, household size etc.) are incorporated on a grid
cell basis or on census tract level to introduce social vulnerability as an additional assessment dimension. These household characteristics

are backed by vulnerability factors to provide a rough estimate of social vulnerability in an affected area or an entire community.

Weighting in multi-criteria analysis is challenging because individual indicators with high specific weighting factors can dominate the overall
result. We develop weighting factors together with representatives of federal and state organizations in flood risk management in an expert
workshop. Weighting factors as well as the definition of minimum/maximum/threshold values e.g. in risk-based assessment of measures in
flood risk management, degree of implementation, acceptance, social vulnerability, distributional impact etc. are elaborated. In the social

vulnerability analysis, the results with weighted versus unweighted indicators are compared.

CONCLUSIONS

Our approach for integrating social vulnerability in cost-benefit analysis will be implemented in the new tool for assessing flood risk man-
agement projects. This approach is based on a detailed clarification of the necessary data, is evaluated in several practical examples for the

Austrian context, and can therefore be directly applied in administrative practice.
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