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1. Introduction

1.1 At a glance

This chapter provides a quick overview of the content of the manual and answers a number of key
questions.

What is vulnerability?

Vulnerability is defined as the susceptibility of a system toward a specific hazard. The concept of
vulnerability is used to describe how a system’s inherent characteristics contribute to the risk which
arises through the exposure of that system to a specific hazard (Chapter 2.2).

Why measure vulnerability?

The concept of vulnerability is frequently used to assess differences between various systems regard-
ing their susceptibility to specific hazards. The results of such assessments can be used to inform de-
cision-making, for example in the field of development work, where it is crucial to find those places
or people most at risk (Chapter 2.4). With the vulnerability approach, assistance can be coordinated
effectively and evaluated data can be incorporated into decision-making processes in a more targeted
manner.

Who is the manual for?

The vulnerability analysis is a tool for all actors who are involved or interested in decision-making
processes related to resilience development measures. The results of vulnerability analysis open up a
uniform communication basis for actors from different areas since data from the social, economic,
and biophysical dimensions are brought together.

What do I need to conduct a vulnerability assessment?

The data requirements of a vulnerability analysis depend on the assessment context and the desired
level of detail. The more detailed the data, the more meaningful are often the results. The lack of
data is one of the biggest obstacles to vulnerability assessments. How to deal with it is also described
in this manual (Chapter 4.4).

What results and products does a vulnerability analysis provide?

With the help of vulnerability analyses, differences between rated systems can be displayed both in

diagrams and maps. This not only facilitates access to and communication of the results but can also
be used to visualize before and after comparisons (Chapter 4.5).
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1.2 How is the handbook structured?

In addition to the introduction, the following manual consists of 3 sub-chapters. Depending on the
question and the previous knowledge of the user, the relevant chapters can be read selectively (see
Figure 1). In the second chapter, users will find an overview of the background and the theoretical
foundation of vulnerability analyses. The risk concept with the vulnerability concept embedded in it
is described in more detail and the relationship between vulnerability and risk is examined. The third
chapter deals with the question of how vulnerability can be recorded and measured and what barriers
limit the process. In the fourth chapter, step-by-step instructions are provided for users. In these in-
structions, the most important points to be considered in a vulnerability analysis are described and
put into context with a practical example. This should help to give the user a good overview and a
first feeling for the process

- N

Understanding Vulnerability For users who...

sWhat is the connection between vulnerability eare unfamiliar with the concept of

and disaster risk? vulnerability

*What elements does the vulnerability concept ewant to learn more about the basics of
contain? the concept

*What advantages does the concept bring in

practice?

\ 4
4 )

Methodological basics For users who...
eHow is vulnerability measured? ehave already a background know—ledge
*Where are the limits of the measurement? in terms of vulnerability assessment

swant to know details and limits of
vulnerability assessments

\

Step by step guide Q’ users who... \

edefine vulnerability ewant to carry out a direct vulnerability
eidentify context of the assessment analysis

*find Framework ewant to generate concrete results
ecreate index
erepresent vulnerability
erate index

\ 4

Figure 1: Overview of the
chapters of the book.
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1.3 Which working aids does this manual offer?

The manual uses three different coloured boxes to highlight certain content. Depending on the colour
code, these boxes contain specific information tailored to the chapter. The orange box contains brief
summaries about methods that can be used for a vulnerability analysis regarding data collection or
indicator choice. The green box contains information about various aspects like further literature, ex-
planations, or background knowledge. A practical example of vulnerability assessment as it is de-
scribed in this manual can be found in the blue boxes.

Box 1: Colour code used in

this guide.

14 Disclaimer

This manual is designed to provide guidance on how to conduct a vulnerability analysis for practi-
tioners without previous experience. It is not a comprehensive review of the different ways a vulner-
ability analysis can be conducted. Thus, while this guide enables the reader to conduct a
vulnerability analysis it does not attempt to summarize all the approaches available. Rather, the most
frequently observed methods are presented with the goal of lowering the barriers towards vulnerabil-

ity assessment.
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2. Understanding
vulnerability

Measuring vulnerability is a hands-on task but to do so it is necessary to establish a theoretical and
conceptual basis upon which the assessment can be conducted. This chapter provides a concise over-
view of vulnerability, its relationship with disaster and risk, and highlights the context specificity of
vulnerability.

2.1 Introduction

The basic approach of the concept of vulnerability is often referred to as the susceptibility of a sys-
tem or entity to a specific hazard. The goal of vulnerability assessment is to make the susceptibility
of similar systems comparable to each other and identify those systems which are most vulnerable.
The difference between ecological vulnerability assessment and sociological vulnerability assess-
ment is that in the former, ecosystems or species are the focus of the analysis, while in the latter, spe-
cific groups of people and how they deal with hazards are examined. The concept has been around
for a long time in these basic forms, but it has been broadened to identify not only groups or ecosys-
tems but also locations (coupled human-environmental systems) that are at increased risk of being
adversely affected by a hazard. Especially in the context of development cooperation and develop-
ment research, the word "vulnerability" has developed into a term that can be used to describe differ-
ent forms of expression of disadvantage. What is described as vulnerable is constantly being
redefined and tailored to the specific context ranging from susceptibility to natural hazards such as
earthquakes and floods to famines (often caused by a combination of natural and societal factors).
The versatility of the concept allows for the wide application of vulnerability analysis. However, it
also complicates assessments as the context-specific elements need to be determined. The vulnerabil-
ity concept has been further developed over the years and vulnerability itself has been defined and
classified differently by many experts (see Box 2 for key literature). The result of this process is an
immense variety of concepts and models that attempt to make vulnerability tangible. While this was
intended to simplify vulnerability analyses, the number of conceptual variations of the concept often
results in the opposite and makes it difficult to enter the subject area and use it in an application-ori-
ented manner.

A good overview of the development of the concept is provided by Kim et al. (2021), who conducted
a bibliometric analysis to investigate historical changes in disaster risk management's vulnerability
concept and its related fields between 2000 and 2019. The aim of this manual is to introduce the vul-
nerability concept, provide application-oriented instructions that summarize the most important steps
for a successful vulnerability analysis, and illustrate each step with a practical example.
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Box 2: Recommended
reading on vulnerability.
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2.2 The link between vulnerability and disaster risk

Vulnerability analysis is often used where disadvantages are investigated, or preventive measures
towards hazards are examined. The aim of such analyses and preventive measures is to be able to es-
timate and relate the risk for certain groups or places to a specific hazard. Accordingly, the field of
vulnerability research is closely interwoven with that of risk research. Therefore, the most important
terms (vulnerability, exposure, danger, and disaster risk) and their connections in risk research are
discussed in more detail below. Figure 2 represents one of the simplest ways to illustrate disaster risk
and is based on Oliver-Smith‘s (1999) definition of disaster as a consequence of external variability
and internal complexity. The clear differentiation between external and internal systems, their con-
nection, and the quality of this connection, is crucial for conceptualizing disaster risk.

Because disaster risk assessments are often developed in the context of environmental hazards, it is
often the natural system, the environment, which defines the external component, and the social sys-
tem, which defines the internal component. In Figure 2 (page 11), the social system is represented by
the inner circle and the natural system by the external circle. Only if both systems are connected is
there a risk of a disaster caused by a natural hazard. Thus, in Figure 2 (A) there is no risk of a disas-
ter since the internal system is independent of the external system. If both systems are connected
there are two possible states, the “harmony state” (B) and the “hazard state” (C). The harmony state
describes a situation in which the social system is perfectly adjusted to the natural system, while the
hazard state describes a situation in which the social system is not adjusted to the environmental sys-
tem. If this occurs, there is a risk of a disaster and efforts must focus on bringing the two systems
into a harmonious state. The figure shows that such a state can be achieved through two processes:
by changing the external component and/or by changing the internal component. Often a hazardous
state is generated by a change in the environment. Accordingly, the environment’s variability can
pose a threat to the social system embedded in it. The level of risk that the hazard can generate de-
pends on the one hand, on its strength or severity and, on the other hand, on the inability of the social
system to adapt to the hazard or to limit the severity of the hazard (vulnerability). The difference be-
tween risk and vulnerability is that vulnerability is the potential for damage, loss, and destruction in
a particular system, while risk is the combined outcome of vulnerability, exposure, and the severity
of the hazard. A risk of disaster arises if there is a hazard towards which a system (or parts of it) are
both exposed and vulnerable. Assuming that both the severity of an environmental hazard and the
exposure to it are equally strong between social entities, a different risk, which represents the hazard
for the social entity, results from its vulnerability to it (see Box 3). Therefore, vulnerability and dis-
aster risk are closely related, and vulnerability assessment forms a large part of risk research.
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Unexposed state Harmony state Hazard state

(A) (B) (€)

The natural (external) and The natural (external) and The natural (external) and
the social (internal) system the social (internal) system the social (internal) system
unexposed exposed and aligned exposed and not aligned

Figure 2: The three states of
vulnerability (Laura Lange).

Box 3: The relationship be-
tween risk, hazard, exposure,
and vulnerability.
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2.3 Which elements does the vulnerability concept contain?

To be able to assess vulnerability, it is necessary to define more precisely what exactly the concept
contains. Vulnerability can be viewed as the potential for damage, destruction, and loss of a system.
Whether this potential is fully exploited depends on the intensity of the hazard and exposure. The
vulnerability concept was developed to assess the potential of a specific hazard to cause damage in
an element. Vulnerability depends on the internal structure, the complexity of a system. Capturing
this complexity in its entirety is beyond the scope of any vulnerability analysis. For this reason, the
focus of any vulnerability analysis lies on identifying the most relevant structures that determine the
potential for damage in a system in relation to a hazard.

How to understand which structures are important and which are unimportant?

In recent decades, a concept has been established in vulnerability research that is intended to sim-
plify the identification of crucial structures. The concept is based on the classification of structures
into two opposing categories. The structures in the first category are declared as those that make the
whole system more sensitive towards the dangers of a certain hazard (Sensitivity). The structures of
the second category are those that improve the system's ability to adapt to the hazard (Adaptive Ca-
pacity) (See box 4 and 5).

The following equation describes the

presented concept as follows:

Vulnerability = Sensitivity — Adaptive Capacity

Box 4: The relationship be-
tween adaptive capacity,
sensitivity, and vulnerability.

Further Reading

Dive into the historical background of risk research and understand how one paper changed
the way we look on natural hazards:

Macdonald, Neil & Chester, David & Sangster, Heather & Todd, B. & Hooke, J. (2012). The
Significance of Gilbert F. White's 1945 paper ‘Human Adjustment to Floods’ in the
Development of Risk and Hazard Management. Progress in Physical Geography. 36. 125-
133.

Box 5: Recommended read-

ing on risk research.
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24 What are the advantages of applying the vulnerability concept in
practice

Climate change, which is changing environmental patterns such as rainfall in many places on Earth,
also increases the risks to social systems exposed to these changes. The vulnerability concept can be
applied to examine these risks faced by people on a daily basis and the mechanisms that generate
them. As late as the 1980s, methods aimed at reducing risk from environmental hazards were de-
signed to contain the hazard itself. Through the construction of dams and irrigation systems, attempts
have been made to change the environment so that it once again meets the needs of the social system
exposed to it. Although these decisions were often aimed at protecting the social system, today their
unintended consequences often contribute to increased risk, since they have strongly influenced the
stability of nature. Man-made climate change is an example of this, but progressive soil erosion and
species extinction can also be associated with it. The application of the vulnerability concept is in-
teresting because it focuses on much more far-reaching social and economic structures that are re-
sponsible for the generation of environmental hazards and vulnerabilities. Instead of seeing risk as a
problem that has not yet been solved with technical effort, the application of the vulnerability con-
cept allows the perspective of risk as a mixture of very different social processes and structures. This
reveals a much higher level of cause-and-effect relationships that, if modified, represent the potential
for risk reduction. A possible illustration of the social causation of disasters is shown in Figure 3.
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Figure 3: Social causation of
disaster (based on: Blaikie
2003).
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25 Why is vulnerability context specific?

Vulnerability is a measure of the potential of a hazard to cause harm in a system. The "social sys-
tem" can be a group of people who are either united by living in a particular place or shared social
factors. Examples of factors are gender, age, income level, or residence status. The potential for
damage to the social system, which can arise from an (environmental) hazard, is not only dependent
on the hazard itself, but also on the structures that make the system sensitive to the effects of this
hazard or that provide the options for adaptation of this hazard. Structures in a system depend on the
context in which they arise. It is easy to understand that, for example, women in different places in
the world can use different structures and mechanism that allow them to protect themselves against
or cope with danger. If one now wants to assess and compare the vulnerability of women in Ethiopia
to drought, the overall context, the living conditions, influenced by social, cultural, political, and in-
stitutional norms, and the resulting opportunities for this social group must be included in the assess-
ment. An example of such a context-specific evaluation of structures is that in vulnerability analyses
conducted in the Global South, private social structures and safety nets often have a higher priority
than in the Global North. This is due to the fact that people in the Global North are much more likely
to rely on institutional arrangements and support than people in the Global South.
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3. Methodological
background

In this chapter, the methodological background of the vulnerability analysis is presented, from con-
tent assessment levels to their limits.

3.1 How can vulnerability be measured?

To measure how structures that affect vulnerability are configured, the most common approach is to
develop an index. The use of an index for vulnerability analysis is somewhat intuitive as it helps to
transfer the multidimensional complexity of vulnerability to a single metric. The process is charac-
terized by different stages. Probably the most important stage is the selection of the indicators, which
are used as proxies for certain structures that determine the vulnerability of the system of interest. To
simplify the process of indicator selection and to prevent the risk of arbitrary decisions for certain
indicators, many frameworks have been developed in recent years which help to identify important
dimensions of vulnerability and the process of indicator selection can be structured.

3.2 What are the limits of vulnerability assessment?

Even with adequate use of vulnerability assessment tools, it is important to be aware that any assess-
ment of vulnerability can only be an approximation of reality. It is a challenge to identify all relevant
characteristics and indicators that influence or represent the vulnerability of a system, as they depend
on many different factors (Cutter and Finch 2008). Because vulnerability is context-specific, not all
indicators used in one place should be used in another. This presents challenges for researchers,
whose values are likely to influence the selection (Engle 2011; Carpenter et al. 2001). For example,
in many Global South countries, it is common that households rely mainly on agricultural-dependent
income. It is frequently argued that income diversification through non-farm employment or the di-
versification of crops is a good strategy to reduce the risk of shocks and stresses and thereby reduce
vulnerability (Ellis 2000). In the Global North, income diversification (i.e., working multiple jobs) is
often interpreted as a sign that a householder is unable to secure full-time employment and must rely
on poorly paid side jobs. For example, the US Census Bureau calculated that individuals who are not
multiple jobholders earn an average of 15,750 dollars per quarter, while multiple jobholders earn less
(13,550 dollars) (U.S. Census Bureau 2021). Often the selection process of indicators is based on a
top-down approach that favours more structural and quantitative determinants at the expense of the
more difficult quantifiable determinants of human agency (Jones and d'Errico 2019). For example,
people are more likely to be asked about completed school years than about the ability to acquire
knowledge and how to use it. Relying on quantitative data that has been collected without input from
the ground carries a high risk of omission bias. If survey tools are designed without input from those
exposed towards hazards, there is a risk that the wrong questions will be asked and important, often
informal, social structures will go unidentified. Another reason why the assessment of vulnerability
using an index often leads to criticism is the handling of the results or the omission of testing their
validity. Despite the challenges described in measuring vulnerability adequately, vulnerability anal-
ysis is an important tool in resilience and risk research. The aim of the following part of this hand-
book is to provide people who want to use this tool with practice-oriented instructions that can be
used to understand the most important steps in index development.
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4. Step by step: Vulnerability
assessment illustrated

A step-by-step approach is recommended for a quantitative assessment of vulnerability, which is
presented in Figure 4.

1. 2. 5. evaluation
Considered Evaluation explanatory power
vulnerability context of index
Metrics how to measure How can results
Which vulnerability of which superordinate structures be checked?
social system towards which that influence the
danger do | want to measure? vulnerability?

How can results be
Identification of which presented?
superordinate structures influence
the vulnerability to be measured?

Figure 4: Schematic repre-
sentation of vulnerability
analysis in five steps.

4.1 Considered vulnerability

The most crucial step in a vulnerability assessment is defining whose vulnerability to which hazard
is to be measured. Fiissel (2007) offers robust guidance on this aspect and an overview of important
factors that need to be defined in the vulnerability analysis. In the following, we consider four key
factors: the system of interest, hazard, temporal reference, and the attribute of concern.
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The system of interest: Whose vulnerability do we want to assess?

The first step in every vulnerability assessment is the definition of the system of interest. Defining
what the system of interest is, is based on the distinction between what is external and what is inter-
nal to this system. Internality to the system can be based on geographical boundaries or on the
“power to influence” (Fiissel 2007). While geographical boundaries are self-explanatory, the “power
to influence” is not. If the system of interest is the household, the factors that are considered internal
are all those over which the household has the power to influence them (e.g., division of labour
within the household, number of children, income sources). These factors influence the household’s
vulnerability and thus need to be part of the assessment. Examples of a system of interest are a popu-
lation, a sector, a geographical region, or a natural system.

Hazard: What hazard are we talking about?

The next step is to identify and define the relevant hazard. Hazards are defined as ‘‘a potentially
damaging physical event, phenomenon or human activity that may cause the loss of life or injury,
property damage, social and economic disruption or environmental degradation’” (United Nations
Office of Risk Research 2022). A hazard is normally referred to as something external to the social
system such as earthquakes, droughts, or flooding. However, this distinction does not always hold.
For example, conflict or war can be defined as a hazard putting social systems at risk while being
generated in the social system itself.

Temporal reference: For which time do we assess the system’s vulnerability?

Vulnerability analyses are not only used for assessing the susceptibility of a system of interest at one
specific point in time but also through time. Vulnerability can change over time and especially if this
change is of interest, for example when assessing the vulnerability to climate change, then it is cru-
cial to define for which period or point in time the vulnerability is assessed.

Attribute of Concern: /n which outcome are we interested?

One hazard usually affects different facets of the human system. Thus, it is important to clearly spec-
ify the attribute of concern. Depending on the attribute of concern, some determinants can be more
or less important in the vulnerability assessment, as the following example shows: Droughts can in-
fluence the livelihood of people and communities in various ways. Droughts have impacts on food
security, but also on health and general security standards. In order to assess the vulnerability of
households to the impacts of droughts with respect to human health, it is necessary to identify indica-
tors relevant to the physical health of household members as well as indicators to measure awareness
of risks arising from contaminated water. In order to assess the vulnerability of households to the im-
pacts of droughts on general security, indicators must be identified that show how households react
in conflict situations and track adaptive mechanisms that decrease the risk of households becoming
involved in conflicts. See box 6 for a practical example.
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assessment
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4.2 Context of evaluation

It is important to realize that vulnerability is also a product of external circumstances that determine
the makeup of the social system through which the potential for harm and loss from an environmen-
tal hazard arises. Vulnerability analyses must accordingly draw on different research methods to
identify the structures in which social systems are embedded. Possible methods and their advantages
and disadvantages are detailed in Tablel. See Box 7 for a practical example.

Box 7: Practical example of
a vulnerability analysis re-
garding the definition of
contextual elements.
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Table 1: Overview of methods for determining context of evaluation
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4.3 Choose framework

Using a framework to determine vulnerabilities is advantageous because it provides instructions that
can be used as a guide. To select a suitable framework, it is important to have answers to all the pre-
viously posed questions. Once it is clear whose vulnerability to which hazard at which location you
wish to measure and when, a suitable framework can be identified. Frameworks translate the system
to be examined into a concept or model that renders the system open to analysis. There are different
models that are used in vulnerability research and on which the different frameworks for measuring
vulnerability are based. A frequently used model is the access model by O'Keefe et al. (1976). This
model assumes that access to information, cash, rights to the means of production, tools, equipment,
and social networks to mobilize resources are key to avoiding disasters and decreasing vulnerability.
Accordingly, in a vulnerability analysis based on the access model, the focus is set on the quantifica-
tion of accessibilities. This basic model has been adjusted to fit specific contexts and/or hazards.
When looking for an adequate framework it is useful to do literature research on which frameworks
have been used in similar vulnerability assessments. It is advisable to look for a framework that a)
deals with the same hazard, b) that assesses the same system, and c) that has been applied in a simi-
lar context. Ideally, a framework has already been established that ticks all the relevant boxes. If
such a framework does not exist, it is advisable to look for a framework that has a significant overlap
with the assessment to be conducted. If the framework analyses the same hazard and has been ap-
plied in a similar context (e.g., drought in developing countries) but the system is different (regional
instead of households) it is advisable to look for a second framework that measures vulnerability to-
wards a different hazard in a similar context within the same system (e.g., vulnerability of house-
holds in developing countries towards flooding). When combining two frameworks it is crucial to
carefully evaluate which parameters are relevant in both settings and which ones only apply to one
of the two.

TIP

At this point it is important to realize that any framework and definition in the context of
vulnerability research should be seen as what it is designed for, as a tool for analyzing
structures. Whether you accept this tool as it was designed, or change it according to your
own goal, is up to you.

Since frameworks are also created to remove randomness from vulnerability analysis,
adoption of definitions and analysis steps is desirable, but if this cannot be done for given

reasons, changes and omissions of definitions and steps are also allowed.

Box 8: Usefulness and diffi-
culties of framework appli-

cation.
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Box 9: Practical example of
a vulnerability analysis re-
garding the choice of frame-
work.
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Box 10: Social and biophysi-
cal vulnerability.
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4.4 Index composition

There are different ways an index can be designed. Possible index design concepts are shown in fig-
ure 5. While in a) the index consists of six indicators, b) shows an index that consists of three main
components which are each measured with three indicators, and c) has 12 indicators which are trans-
formed into six factors that comprise the index by principal component analysis (PCA). The idea be-
hind a) is that the most important variables are selected, normalized, and added up (weighted or not
weighted). In b) a sub-index approach is used which means that either already established sub-indi-
ces are used to construct the main index, or sub-indices are constructed first and then added up
(weighted or not weighted). In ¢) a variable reduction approach/ inductive approach is used, which
collects a lot of variables that potentially have an influence. Then a PCA or factor analysis is used to
identify the most influential components, which are then normalized and added up (weighted or un-
weighted). Ultimately, the choice of index design will depend on various factors like time and effort,
the analyst’s know-how, and the framework used to assess the vulnerability of interest. Some frame-
works already integrate a concept of vulnerability on which the design of the index can be built. For
example, the access model is a popular approach to show important livelihood dimensions that have
an influence on the vulnerability towards a specific hazard. These livelihood dimensions are often
defined as capitals from which a (social) system can profit. Economic capital, biophysical capital,
social capital, and infrastructural capital are some examples for such a categorization. An index
which is developed based on this model would be structured in a sub-index manner, where a mix of
indicators would define a single capital.
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(a)

5T

(c)

Figure 5: Examples of
different index design con-
cepts (Tate 2012).
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441 Indicator choice

The identification of the right indicators is crucial. Depending on the index design the number of in-
dicators differs but all of them need to be predetermined before the index construction can begin.
Ideally, a mix of approaches is used combining indicators highlighted in the literature with more
qualitative approaches such as focus groups and expert interviews to determine the local context. Ta-
ble 2 provides an overview of different methods to determine indicators and box 11 a practical ex-
ample. Combining the perspective of the person whose vulnerability is being analysed and the
expert one (bottom-up and top-down perspectives) provides the most holistic picture. A combination
of literature research, expert interviews, and focus group discussions can help to identify good indi-
cators and offer insights into how they should be weighted.
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Box 11: Practical example
vulnerability analysis re-
garding the selection of indi-
cators for index.
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Table 2: Overview of methods for the selection of indicators.
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4.4.2 Weighting

Independent of the exact design of the index one will have to decide on how to sum up the dimen-
sions gives structures that are particularly important or unimportant a higher or lower impact on the
overall vulnerability. While weighting can clearly help to highlight vulnerabilities, the risk of incor-
rectly weighting vulnerabilities should not be disregarded. Thus, we often see vulnerability assess-
ments with equal weighting.

Box 12: An example of
weighting in vulnerability
analysis.
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Table 3: Overview of methods for weighting indicators

4.4.3 Normalization

The normalization of variables aims to bring indicators with different units of measure and spreads
onto a common, usually dimensionless scale . While there are different ways to normalize indicators
(see Joint Research Centre-European Commission (2008) for an overview) two of the most common
transformations are standardization (or z-scores) and Min-Max. To calculate z-scores the average of
an indicator across observations is deducted from the individual indicator and divided by the stand-
ard deviation across all observations. The Min-Max approach is even simpler and uses the following
formula to normalize the value of the indicators:

Zii = (Xi; — XM J(xmax — xminy

Z; = the normalized value of indicator i
X = the original value of indicator | of the particular
social system

XM= the highest value among all social systems
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Box 14: An example of nor-
malization in vulnerability

analysis.
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4.5 Vulnerability presentation

A variety of formats can be used to present the results of vulnerability analyses. The presentation
format should be chosen with consideration to the needs and specific interests of the target group(s).
In the following, we present several formats and outline their use.

Tables of Summary Statistics

A table of summary statistics gives an overview of important statistical measures regarding the assess-
ment. These enable researchers to present key information in a structured overview, which is especially
convenient for target groups interested in the relevance and distribution of values. To read the table of
summary statistics one needs to understand what the different statistical measures point out. In other
words, tables are suitable for target groups with the necessary background knowledge and ability to

interpret the results (figure 6).

TABLE 3 Summary statistics of the Social Vulnerability Index (SVI) within each district in Hong

Kong
Social Vulnerability Index (SVI1)

District Number of constituency area Mean SD  Median IQR Min Max
Sham Shui Po 21 74 1.1 7.3 10 43 8.4
Yau Tsim Mong 16 6.9 1.2 7.1 19 50 86
Wong Tai Sin 25 67 0.8 6.4 1.3 44 8.0
Southern 17 6.2 1.5 6.1 26 3.7 8.0
Kowloon City 22 6.1 1.1 6.4 1.5 3.7 7.7
Tai Po 19 6.0 1.3 6.3 20 3.6 8.0
North 16 5.8 1.6 5.5 26 34 8.7
Kwai Tsing 28 5.8 1.5 5.9 30 29 8.0
Kwun Tong 34 5.7 1.3 5.9 21 27 76
Yuen Long 29 5.4 1.7 6.1 24 23 8.4
Wan Chai 1 5.2 1.0 5.0 19 40 6.7
Tsuen Wan 17 49 14 5.1 21 24 79
Central and Western 15 48 1.0 4.7 14 31 6.9
Eastern 37 4.6 1.1 4.7 1.7 24 6.6
Islands 8 45 1.9 3.9 32 19 74
Tuen Mun 29 44 1.2 4.1 23 23 6.3
Sai Kung 20 3.8 1.0 3.9 1.5 23 6.0
Shatin 36 36 13 3.5 1.8 14 7.0

SD standard deviation, /QR interquartile range, min minimum, max maximum
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Charts

While a table of summary statistics is a way to illustrate results in a very basic manner, charts make it
easier to present and interpret results and draw conclusions. Viewers of this graphic representation can
quickly identify the region with the highest vulnerability value and the use of colour coding facilitates
comparisons (figure 7).
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Figure 7: A chart depicting
vulnerability components
(Example from: Heltberg
and Bonch-Osmolovskiy
2011).
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Mapping

One of the most frequently used methods in the presentation of vulnerability assessment results is
vulnerability mapping. This method has the advantage that locations of high vulnerability can be de-
tected directly by the reader. This format facilitates comparison and is highly accessible (figure 8).

Vulnerability index

Figure 8: A vulnerability
map of Tajikistan (Example
from: Heltberg and Bonch-
Osmolovskiy 2011)
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Interactive output

Vulnerability analysis results can also be published in interactive formats. One such format is the
Dynamic Interactive Vulnerability Assessment model (DIVA), which is an integrated, global model
of coastal systems that assesses biophysical and socio-economic consequences of sea-level rise. It has
been specifically designed and developed to support policy and decision makers in interpreting coastal
vulnerability assessment and in addressing related measures. The framework can be used in conjunc-
tion with different modules and databases, enabling users to visualize and access different kinds of
information (figure 9).
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Figure 9: Interactive output,
DIVA ( Example from: Di-
nas-Coast Consortium
(2009))
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Box 15: A pentagram chart.

4.6 Evaluation of the index (sensitivity analysis/ explanatory power
analysis)

In the scientific literature, it is repeatedly pointed out that vulnerability analyses are often not suffi-
ciently tested for their validity. To do this, different methods can be used, which are briefly presented
below. Although such a procedure can be seen as an endorsement for evaluating the validity of the
results, it is not a necessary condition for conducting vulnerability assessments. Existing studies that
have developed indices of social vulnerability tend to follow a similar pattern. They begin with a

RIFS Discussion Paper_ 37



Vulnerability Analysis Made Easy

discussion of relevant social vulnerability theories, followed by a description of the study area and
source data, a basic overview of how the index was constructed, and end with the presentation and
analysis of the results using maps and tables. However, relatively little attention is paid to the reasons
for index construction decisions, or, more importantly, how those decisions affect the output index.
The latter is the area of sensitivity analysis, which assesses the impact of input data and parameters on
output models. Sensitivity analyses generally take one of two forms: local or global. In the local anal-
ysis, the model sensitivity is evaluated with an index construction. Global analysis enables multiple
construction phases to be assessed simultaneously, often through the use of Monte Carlo simulations.
Both approaches provide the modeler with quantitative metrics to assess the relative importance of
different modelling methods. A key benefit of sensitivity analysis is that it can help distinguish be-
tween the stages of index building that have a large impact on vulnerability output patterns and those
that do not. This can allow the modeler to focus data collection and method development on the really
important decisions, thus improving the robustness of the model. In addition to sensitivity analyses,
other forms of index validation are also possible. Vulnerability is a hypothetical and predictive concept
that can only be proven by observing the impact of the event when and if it occurs. In order to measure
the quality of an index, it is possible, for example, to compare the measured vulnerability to a hazard
with the consequence identified for the system from the hazard that occurs (see Box 17).

Practical example: vulnerability analysis

Analysis: Significance Index

Method: cross validation

The method used to measure the quality of the developed index was cross validation. The
usage of this method was possible, because the examined households stated if they have
had experienced food shortages in 2018 or not. Food shortages are an indicator for
droughts impacts. Accordingly, through cross validation it could be detected how well the
measured vulnerability score of the households explains if the household suffered from
food shortages. The parameter results of the cross validation are shown in the down
table. The specificity indicates that 46% from the households who suffered from food

shortage could be detected by the index.

Results:
Parameters
Sensitivity 0.8317
Specificity 0.4625
Accuracy 0.6685
Kappa 0.3045

Box 16: Practical example vulnerability analysis regarding the evaluation of index.

Box 16: An example of in-
dex evaluation in vulnerabil-

ity analysis.
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5. Conclusion

The vulnerability analysis is a valuable and versatile tool. If used correctly, it can generate insights
that facilitate comparisons between people and places, describe their vulnerability towards specific
hazards, and provide a foundation of knowledge for further research and assistance. Against the back-
ground of climate and societal change, vulnerability analyses can generate important insights for the
present and future. Simple, clear, and comprehensible guidance is needed to increase the accessibility
and implementation of vulnerability analyses. The authors of this manual are aware of the danger that
comes with simplification, which carries the risk of insufficiency. This handbook is not intended as a
comprehensive textbook on vulnerability assessment. Rather, it offers an introduction to the field and
outlines various steps and important aspects of vulnerability analysis and enables readers to conduct
their own vulnerability analysis.
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