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A B S T R A C T

This paper presents the outcomes of a participatory study that aimed to reach agreement among experts about
flood vulnerability, coping capacity and exposure indicators through a Delphi survey. The objective was to
collaboratively develop an index for the Taquari-Antas basin, Brazil, using the available data. A total of 117
scientists, policy makers, and practitioners were invited to prioritize 26 indicators, focusing on the pre-disaster
phase. This survey was followed by a final selection in a focus group. The sensitivity of the ratings was analyzed
by bootstrapping the original sample. The response rate was 86.32% and 79.20% in the first and second round,
respectively. Overall, the highest rated items were related to coping capacity aspects of vulnerability and human
and infrastructure exposure. The answers' deviation was reduced between rounds, thereby enabling the
achievement of consensus on 21 indicators. The results revealed similarities in how vulnerability and exposure
are perceived across the different professions and sectors investigated. The Delphi process allowed the colla-
boration of professionals with opposing views to prioritize a common set of indicators in a systematic and
transparent way. Hence, this study is timely in describing a feasible alternative to reach agreement among
stakeholders to build flood-related indexes. From a practical standpoint, this research provides decision makers
with a core list of indicators to better understand the impacts of floods in the basin. We expect that incorporating
input from end users in the creation of the index will enable it to reflect the local context and gain legitimacy.

1. Introduction

According to the Sendai Framework for disaster risk reduction the
design and implementation of risk management strategies should be
based on a holistic understanding of risk in all its dimensions, including
vulnerability, coping capacity, exposure of persons and assets, hazard
characteristics, and the environment [1]. While the understanding of
hazard and exposure has significantly improved over the last decades,
the analysis of vulnerability remains one of the biggest hindrances in
flood risk assessment [2,3].

Part of this complexity arises from the fact that there is no consensus
on the definition of vulnerability or on what should be included in its
assessment. According to UNISDR [4], vulnerability is the physical,
social, economic and environmental aspects, which make the exposed
elements susceptible to the impacts of a hazard. A leading component of
vulnerability is the coping capacity, which refers to the ability of
people, organizations, and systems, using available skills and resources,
to face and manage adverse conditions, emergencies or disasters.

Vulnerability reduction is critical to risk mitigation since hazards
only become disasters if they impact a society that is vulnerable to their

effects [5]. In other words, risk is only present if there is a vulnerable
community or system. Therefore, a proper understanding of vulner-
ability is crucial to promote disaster-resilient societies, leading to more
effective mitigation and preparedness strategies. For this reason, there
is a need to consider not only the physical aspects of vulnerability, but
to integrate all vulnerability dimensions (e.g. physical, social, eco-
nomic, etc.) in an overarching framework by using indicators [6]. In-
dicator-based methods are flexible, transparent and easy to use and
understand by decision makers [7]. Nevertheless, a major limitation is
that it is difficult to choose the variables that contribute to vulnerability
since their exclusion or inclusion can significantly influence the results
[8,9]. Hence, the main challenge is to select a set of indicators which is,
on the one hand, minimal and applicable, and on the other hand, ex-
plains the phenomenon as clearly as possible in a specific area [10].

Numerous flood vulnerability, coping capacity and exposure indicators
can be found in the literature [e.g. 11–14]. Yet, a meta-analysis of 67 flood
vulnerability studies conducted by Rufat et al. [15] found out that the
selection of input variables is usually based on choices made in previous
studies, disregarding the local conditions that influence the vulnerability.
In several cases, no justification is provided at all.
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In addition to this issue, a review by Brito and Evers [16] highlights
that insufficient attention has been given to the participation of mul-
tiple stakeholders in the construction of flood vulnerability indexes.
Crucial aspects, such as the structuration of the index into sub-indices
and selection of the indicators were usually constrained to researchers
conducting the study. However, there is considerable agreement that
the collaboration of researchers with non-academic stakeholders may
yield better results in terms of results' acceptance. If practitioners are
involved in creating an index that they find accurate and useful, it is
more likely they will incorporate the index findings in local policy
decisions [17].

Even when multiple stakeholders are involved, most studies have
not tried to achieve consensus [16]. Nevertheless, consensus building is
essential to derive meaningful outcomes that can be accepted by the
majority, legitimizing participation as a learning process to solve
complex problems. Therefore, using participatory and transdisciplinary
methods in which stakeholders work together to prioritize vulnerability
indicators and try to achieve consensus could foster such actions while
assuring local context.

In light of these issues, this study aims to achieve agreement among
expert stakeholders about a set of indicators to assess flood vulner-
ability, coping capacity and exposure in data-scarce areas, focusing on
the pre-disaster phase. In addition, the study aims to investigate whe-
ther or not participants with different backgrounds and levels of
knowledge rely on divergent rationalities. For this purpose, the parti-
cipatory Delphi technique was applied given that it is a widely accepted
approach for achieving convergence of opinion on complex problems in
a systematic and transparent way. The applicability of this method is
demonstrated in Taquari-Antas River Basin, Brazil, where limited in-
formation about the resistance of the elements at risk is available.

2. Vulnerability within the framework of disaster risk

Flood risk and its associated components have been studied from a
variety of perspectives by researchers with different scientific back-
grounds, leading to conflicting views and interpretations on how to
assess it. In this study, we consider risk as the product of hazard, ex-
posure, and vulnerability (Fig. 1). According to UNISDR [4], hazard is
the probability of occurrence of a dangerous phenomenon (e.g., flood,
drought, etc.) while exposure consists of the presence of people, prop-
erty, and assets in hazardous areas.

Within this framework, vulnerability is one of the most ambiguous
concepts, being used differently. Due to this plurality of meanings,
there is no unique understanding of the definition of this term or of
what should be included in its assessment. A common definition of
vulnerability, introduced by UNDRO [18], is the degree of loss of a
given element, resulting from the occurrence of a natural hazard and
expressed on a scale from 0 (no damage) to 1 (total loss). Here

vulnerability is mostly related to the likelihood of buildings collapsing
and infrastructure being damaged due to hazardous events. Never-
theless, several researchers [e.g. 6,19,20] argue that vulnerability
should not be reduced to its physical component, but it should consider
the social, political, economic and environmental susceptibility of the
exposed elements to damages.

In this sense, it is important to emphasize that some communities,
social groups, and ecological systems may cope better with the impact
of disasters due to its inherent characteristics (e.g. age, disability, re-
silience, risk perception). This underlines the fact that vulnerability can
also take into account the coping capacity of the potentially affected
society [6]. Hence, in this paper, we will use a more integrative defi-
nition of vulnerability, which considers it as the physical, social, eco-
nomic, environmental, coping and adaptive conditions and circum-
stances of a community, system or asset that make it susceptible to the
damaging effects of a hazard [4].

3. Method

3.1. Study area

Given that vulnerability is site-specific [22], the Taquari-Antas
River Basin was chosen to demonstrate the applicability of the Delphi
technique to prioritize indicators. The basin is located in southern
Brazil, within the coordinates 28º10'S, 49º55'W and 29º56'S, 52º38'W
(Fig. 2), with an area of 26,470 km2. The main river flows from a high
basaltic plateau (ca. 800 to 1200 m) through deeply incised valleys
until the lowlands, formed by alluvial deposits, with elevations ranging
between 20 and 100 m [23]. The basin is characterized by torrential
regimes of rapid runoff, which cause frequent floods in the lowlands.
Due to its high susceptibility, 6 municipalities located within the basin
are considered by the Brazilian Federal Government as a priority for
disaster risk reduction [24].

Despite the significance of flood events in this area, limited in-
formation about hazard impacts and the resistance of the elements at
risk is available. In some cases, the existing data are difficult to access
as the information is not coordinated or some agencies are reluctant to
release them. This restricts the applicability of quantitative approaches
to measuring the vulnerability such as damage matrices and curves
[19]. Hence, an alternative is to use indicator-based methods, which are
flexible and feasible to apply in developing countries.

3.2. List of potential indicators

A list of potential indicators was created based on a recent sys-
tematic review conducted by Brito and Evers [16]. This was further
supplemented with the outcomes of a meta-analysis of 67 flood vul-
nerability studies made by Rufat et al. [15] and a literature review of
106 vulnerability composite indicators by Beccari [25]. According to
these studies, the most commonly used indicators are related with de-
mographic and socioeconomic aspects of vulnerability, including vari-
ables such as the population density, elderly and children, gender,
unemployment rate and GDP per capita. Due to data availability lim-
itations and to allow comparisons over time and space, only indicators
that could be obtained from the Brazilian National Census and other
governmental agencies were considered. Based on this, 26 indicators
encompassing demographic, socioeconomic, environmental and struc-
tural aspects were preselected and included in the Delphi questionnaire.

3.3. Identification of relevant experts

In this study, an expert is anyone with extensive and in-depth
knowledge of flood vulnerability, acquired through practice or educa-
tion [26]. In order to identify nationwide qualified experts, the snow-
ball sampling technique was applied. During this process, initially
sampled experts indicated other specialists, which in turn lead to other

Hazard
Dangerous phenomenon

Vulnerability
Physical
Social

Economic
Environmental

Coping capacity
Adaptive capacity

Exposure
Structures
Population
Agriculture
Business
Assets

RISK

Fig. 1. Conceptual framework for disaster risk assessment [adapted from 21].
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