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2.3.1
The importance of
vulnerability for
disaster risk
assessment

2311
Vulnerability: a key
component to
determine risks

Disaster risk is determined by the
combination of physical hazards and
the vulnerabilities of exposed ele-
ments. Vulnerability relates to the sus-
ceptibility of assets such as objects,
systems (ot part thereof) and popula-
tions exposed to disturbances, stress-
ors or shocks as well as to the lack of
capacity to cope with and to adapt to
these adverse conditions. Vulnerabili-
ty is dynamic, multifaceted and com-
posed of various dimensions, all of
which have to be considered within a
holistic vulnerability assessment.

Vulnerability plays a fundamental role
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for understanding, assessing and re-
ducing risks. When a hazardous event
occurs — be it of natural, technolog-
ical or man-made origin — the vul-
nerability of exposed people, objects
(e.g. critical infrastructure, etc.) and
systems (e.g. socioecological systems)
at different scales is key to determine
the severity of the impact. Though
this fact has been widely accepted,
the definition of vulnerability and
the components it comprises varies
between different authors and disci-
plines.

The United Nations Office for Disas-
ter Risk Reduction (UNISDR Termi-
nology, 2017) defines vulnerability as
‘the characteristics and circumstances
of a community, system or asset that
make it susceptible to the damaging
effects of a hazard. This definition
reflects the last decades’ shift in the
understanding of vulnerability from
a focused concept (for example limit-
ed to physical resistance of engineer-
ing structures) to a mote holistic and
systemic approach. At the same time,
it does not provide reference to the

political/institutional situation and
does not account for power relations
or the heterogeneity within commu-
nities, which are aspects considered
as important and included in the defi-
nitions proposed by other authors
(Cardona et al. 2012, Alexander 2013,
Birkmann et al. 2013, Wisner 2016)

Vulnerability represents
a fundamental
component of risk. A
proper understanding of
vulnerability comprising
its dimensions as well
as its root causes is
important for effective
risk assessment and risk
reduction.

The significance of vulnerability for
assessing risk is emphasised by the
fact that the consequences of a haz-



ardous event largely depend on hu-
man factors. That is, the hazardous
event itself may be predominantly an
external phenomena out of the con-
trol of those affected; any devastating
impact caused by this event, however,
is mainly influenced by inherent soci-
etal conditions and processes.

The I’Aquila earthquake in April
2009 in Italy is an example of a me-
dium-power seismic event that had a
disproportionately large human im-
pact. It caused 308 fatalities, most of
which were the young and eldetly, as
well as women. The death toll is par-
tially linked to the high vulnerability
of building stock in the mountains of

BOX 2.1
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Abruzzo. Itisin part explained by the
risk perception among female victims,
who tend to be more fatalistic than
men and who perceived their homes
as a refuge, instead of leaving it (Al-
exander, 2010; Alexander and Magni,
2013).

The degree of vulnerability within a
soclety or a population group is usu-
ally not homogenously distributed;
social class, ethnic origin, age and
gender may determine a lower or
higher probability of being affected.
Evidence of this fact has been shown
by the impact of Hurricane Katrina,
which caused a disproportionately
high number of victims amongst the

Resilience and capacities

Besides the notion of ‘vulnerability’
there are other terms and concepts
addressing the possibility of harm
to a system, people or specific ob-
jects by certain events and process-
es. Vulnerability — understood as a
holistic and systemic concept - is
closely related to and partly over-
laps, for example, with the concepts
of resilience and of coping and
adaptive capacity.

‘Resilience’ is a term that has been
widely used over the last years to
describe characteristics related to
the ability to absorb stresses, to
respond to changes and to recov-
er from shocks. Some authors see
resilience as the positive flipside
of vulnerability. A broader under-

standing of resilience incorporates
the ability and willingness to learn,
to reorganise and to undertake crit-
ical self-reflection (Alexander 2013,
Kelman et al. 2016). Climate resil-
ience has emerged into a new doc-
trine under the umbrella of which
communities define the activities to
combat the impending implications
of climate change.

There are numerous related ac-
tivities within Europe, for example
the RESIN project is investigating
climate resilience in European cit-
ies, the European Commission’s
FP7 project emBRACE has focused
on community resilience and de-
veloped a set of key indicators for
assessing it, and the Commission’s

poor black and elderly population in
New Orleans in 2005 (Cutter et al.,
2000).

Addressing vulnerability — together
with exposure — represents the gate-
way for risk reduction measures. Con-
sequently, the importance of vulner-
ability for DRM is undetrlined by the
Sendai framework for disaster risk re-
duction, claiming that understanding
disaster risk (Priority 1) and develop-
ing related policies and practices need
to consider the various dimensions of

vulnerability (UNISDR 2015a).

23.1.2

Horizon 2020 project ‘resilens’ is
scrutinising the resilience of Euro-
pean critical infrastructure.

Just as the term ‘resilience’, the
concept of capacities relates to the
possibilities and abilities to reduce
harm under hazardous conditions.
Hereby, ‘coping capacity’ rather
deals with the short-term conser-
vation and protection of the current
system and institutional settings,
whilst ‘adapting capacity’ denotes a
longer-term and constantly unfold-
ing process of learning (Birkmann
et al. 2013).
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Conceptual issues and
dimensions of
vulnerability

Just as there are numerous definitions
of the term ‘vulnerability’, there ex-
ist many models and concepts that
describe vulnerability in its relation
to other terms, such as resilience, ex-
posure or capacities, and that elabo-

FIGURE 2.10

rate on vulnerability’s key dimensions.
The European project ‘Methods for
the improvement of vulnerability as-
sessment in Europe’ (MOVE) devel-
oped such a concept, which attempts
to represent the multifaceted nature
of vulnerability (Figure 2.10). In its
central part, it identifies six themat-
ic dimensions of vulnerability: the
physical, the ecological, the social,

the economic, the cultural and the
institutional dimension. All of these
dimensions have to be considered
within a holistic vulnerability study.
The majority of assets and systems
exposed to hazard will exhibit more
than one dimension of vulnerability
and hence these dimensions need to
be addressed more in detail for any
assessment (Birkmann et al., 2013).

The MOVE framework to conceptualise vulnerability

Source: Birkmann et al. (2013)
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This framework is particularly useful
within the context of disaster risk
since it embeds vulnerability in the
wider framework of risk governance/
management and emphasises the var-
ious intervention opportunities that
may be taken to reduce risk.

A key initial question when scruti-
nising vulnerability is who or what is
vulnerable to what type of threat or
hazard. This leads to the question of
how the interactions between hazards
and vulnerabilities look like. In fact,
there are significant differences in the
way the various factors that determine
vulnerability are linked or connected
to different types of hazards. Typi-
cally, physical characteristics of ele-
ments at risk are directly linked to a
particular hazard. For example, the
degree to which a building withstands
an earthquake is directly linked to the
type of building material used. How-
ever, a great level of resistance related
to earthquakes as a result of building
material does not automatically imply
that the ability to resist a flood event is
similarly high. On the other hand, the
predisposition to be adversely affected
due to the economic, sociocultural or
political-institutional  susceptibilities
is to a large degree hazard independ-
ent. A community, for instance, with
a well-working emergency response
system and a strong social network
is better forearmed against any type
of hazardous event than a communi-
ty with corrupt public authorities and
disrupted internal linkages (Brooks,
2003; Schneiderbauer and Ehtlich,
20006; Cardona et al., 2012).

Transferring these rather theoretical
concepts into operational vulnerabil-
ity assessments in practice results in
a number of challenges. Most impor-
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tantly, the majority of non-physical
aspects of vulnerability are not meas-
urable in the way in that we are able
to determine temperature or people’s
Consequently,
methods for assessing vulnerability
are applied. They can be quantitative
or qualitative or a mix of both (see
Section 2.3.4). Widely applied and ac-
cepted tools comprise vulnerability

income. alternative

curves predominantly used for assess-
ing physical vulnerabilities and the
use of (proxy-) indicators, particu-
larly to estimate the vulnerability of
non-physical dimensions (for example
social, economic or institutional vul-
nerabilities). Here, indicators are used
to communicate simplified informa-
tion about specific circumstances that
are not directly measurable or can
only be measured with great difficul-
ty (Meyer, 2011). At local level, where
spatial data and statistics often do not
exist in sufficient resolution, expert
opinions as well as participatory, com-
munity- based approaches play a ma-
jor role in vulnerability assessments.

Power relations, cultural beliefs, the
attitude towards risk- reduction ef-
forts or the willingness and capacity
to learn from previous events are es-
sential for the degree of preparedness
of a population. Related information
can be found in story lines rather than
in statistics. Another challenge lies in
providing evidence about the degree
of vulnerability and its causes. Vul-
nerability bears witness only in the
aftermath of an event when damage
and loss are realised. Loss and damage
data, though strongly depending on
the magnitude of the hazard itself, are
therefore important data sources for
vulnerability assessments and/or for
the validation of assessment attempts
(see Subchapter 2.4).

Due to the conceptual complexity and
methodological challenges connected
with vulnerability, the uncertainties of
vulnerability assessments and their re-
sults is a topic of ongoing discussion.
The uncertainties are an aggregation
of uncertainties from several sources.
They include limitations in knowledge
about the socioecological systems that
the vulnerable elements are part of as
well as inaccuracies of empirical data
and limitations of models applied for
vulnerability assessments.

Uncertainty can be classified in many
different ways. One possibility is to
subdivide it into ‘aleatory uncertain-
ty’, which represents the variability of
the properties of concern, and ‘epis-
temic uncertainty’, which stems from
limited knowledge. A sophisticated
estimation of uncertainties is usually
a difficult and costly exercise. Hence,
the level of complexity and sophisti-
cation and the effort and resources to
be spent should be in line with the risk
management issue and correspond to
the level of detail needed.

23.13
State of the art and
research gaps

The number of existing theoretical
frameworks and concepts related to
various aspects of vulnerability is
striking, Future work should focus on
the translation of these concepts into
action, namely by developing easy-to-
use tools to implement vulnerability
studies that yield useful results for the
stakeholder and user. At least within
Hurope, a set of standardised meth-
ods for defined purposes at certain
scales would help to monitor changes
over time and to compare vulnerabil-
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ity patterns spatially. The respective
activities need to consider the devel-
opments of other relevant fields of
action such as climate change adapta-
tion or sustainable development.

The awareness of the significance of
vulnerability for DRM has significant-
ly increased over the last decades.
Nevertheless, the importance of un-
derlying triggering factors of vulnera-
bility and not directly tangible aspects
such as the cultural and institutional
dimension requires further attention.

2.3.2
System and
systemic
vulnerability

In order to advance the understand-
ing of vulnerability and its dynamics
as well as to set appropriate policy
agendas, it is crucial to look at how
the vulnerability dimensions interact
at different spatial, temporal and func-
tional scales (Cardona et al. 2012).

The fact that our modern
world is increasingly
interconnected calls for
systemic approaches
when assessing
vulnerabilities and risks,
which take into account
feedback loops and
cascading chains of
impacts
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In particular, analysing vulnerability in
the framework of sustainable devel-
opment or climate change adaptation
requires considering the interactions
between human and natural systems.

2321
System dynamics
affecting vulnerability

Vulnerability is a dynamic concept
(Cardona et al. 2012) and thus varies
in space and time. Trends in expo-
sure and vulnerability are influenced
by changes in the demographic, eco-
nomic, social, institutional, govern-
cultural and
patterns of a system (Oppenheimer
et al. 2014). Taking demography as
an example, the current trend of an
ageing population that characterises
developed countries has considera-
bly influenced people’s vulnerability
to heat stress, as shown by the high
death toll paid by the elderly during
the 2003 heatwave event in Europe
(Robine et al. 2008).

ance, environmental

Another example is the concentra-
tion of assets and settlements (and
economic activities) in hazard-prone
areas due to population growth and
the lack of related spatial planning,
At a first view this phenomena simply
represents increased exposure values.
At a closer look, it is strongly linked
to vulnerability. Hazard-prone areas
are in general characterised by lower
land values and are thus occupied by
low-income houscholds. The scarcity
or non-existence of infrastructure,
services, social protection and secuti-
ty in these sites eventually leads to ‘so-
cially segregated” urban development,
which in turn generates new patterns
of wvulnerability and risk (UNISDR

2015b).

For instance, the most damaged ar-
eas during the 2010 floods in Bursa
(Turkey) were those neighbourhoods
characterised by the presence of in-
formal settlements and occupied by
low-income families (Tas et al. 2013).

Another aspect of systemic vulnera-
bility is the dependence of human so-
cieties on ecosystem services, particu-
larly those regulating climate, diseases
and providing buffer zones (Millenni-
um Ecosystem Assessment 2005). For
example, coastal wetlands increase
energy dissipation of storm surges,
dampen wind-driven surface waves,
modify wind fields and reduce the ex-
posure of (and thus protect) people
and physical assets in the hinterland.
Moreover, provisioning services in-
clude food, raw materials, fresh water
and medicinal resources, the availa-
bility of which determines well-being
and thus can strongly influence the
socioeconomic vulnerability profile
of a community. Consequently, eco-
system-based adaptation approaches
have been applied in DRM to address
potentially hazardous processes such
as flash floods, heat waves, sea level
rise, increasing water scarcity, etc.

23.2.2
System criticality

Globalisation has made communi-
ties and nations interdependent in a
number of realms, including politics,
economy, culture and technology.

A systemic view postulates to consid-
er those linkages within and without a
socioecological system that may affect
its vulnerability, thus drawing atten-
tion to wider human and environmen-



tal processes and phenomena (Turner
et al. 2003). In concrete terms, this
means that systems and their popula-
tions are not only affected by hazards
to which they are physically exposed
but also — by means of cascading
effects — to those experienced else-
where. Recent disasters such as the
eruption of Eyjafjallajékull in Iceland
(2010), the floods in Thailand (2011),
the Great East Japan FHarthquake
(2011) and Hurricane Sandy in the
United States (2013) called attention
to the severe effects of such cascades
of disasters.

Cascading disasters can be exempli-
fied by the vulnerability of critical
infrastructure (Pescaroli & Alexander
2016). When in 2003 a tree fell on a
Swiss power line, causing a fault in
the transmission system, 56 million
people in Italy suffered the effects of
the worse blackout in the country’s
history. 30 000 people were trapped
on trains and many commercial and
residential users suffered disruption
in their power supplies for up to
48 hours (Johnson 2007). At a larg-
er scale, failures in the global supply
chain highlight how the vulnerability
of one system may depend on the re-
silience of another system working in
far spatial distance.

The Swedish company Ericsson ex-
perienced substantial loss due to
the vulnerability of a subsupplier. A
10-minute fire at Philips’ plant in New
Mexico, caused by a lighting hitting
the electric line, translated into a loss
in phone sales of about EUR 375 mil-
lion (Jansson 2004).

This was mainly because Ericsson
took no action after Philips’ reas-
surance about production returning
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on track in a week — which was not
the case. On the contrary, Nokia, an-
other big Philips customer, promptly
switched supplier and it even re-engi-
neered some of its phones to accept
both American and Japanese chips.
By doing so, it raised its profits by
42 % that year and managed to ac-
quire new market shares (Economist
Intelligence Unit 2009). The Erics-
son—Nokia example underscores the
fundamental role played by coping ca-
pacity in reducing the adverse effects
of experienced hazards. Moreover, it
calls for drawing attention not only to
the triggering event when considering
cascading disasters, but more impor-
tantly to how vulnerabilities of differ-
ent system’s components may align
and thus amplify impacts (Pescaroli &
Alexander 2016).

2.3.2.3
State of the art and
research gaps

Disaster risk research often remains
fragmented in a number of disciplines
and focused on single hazards (Cutter
et al. 2015), with limited interaction
with other relevant communities. Re-
search adopting a coupled human-en-
vironmental system approach in fram-
ing vulnerability has contributed to
the integration of separate domains
(Cardona et al. 2012).

Namely, the approach of ecosys-
tem-based adaptation has transferred
this holistic view into practice. Yet, the
level of trans- and interdisciplinarity
that would be required to implement
truly systemic approaches in vulner-
ability assessment is rarely achieved.
Hence, future applied research should
follow an approach of coproduction
of knowledge and need to integrate

relevant disciplines. Relevant universi-
ty education and training programmes
should prepare young scientists and
practitioners accordingly.

233
Vulnerability
within the context of
changing climate
conditions

Climate change is one of the most
prominent examples of an external
biophysical stressor putting coupled
human-natural systems at risk and
the vulnerabilities to changing cli-
mate conditions has been the focus of
many assessment studies. Originally,
the understanding of ‘vulnerability’ in
the community of climate scientists
differed from that of the disaster risk
research by encompassing the hazard
component itself. That is, the project-
ed change of relevant climate param-
eters was seen as part of the system’s
vulnerability to climate change IPCC
2007).

Knowledge on climate
change is growing

fast, but standardised
vulnerability assessment
approaches are lacking.
Vulnerability assessment
must consider changing
socioeconomic, political
and organisational
conditions that determine
possible vulnerability
pathways.
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The Intergovernmental Panel on Cli-
mate Change (IPCC) special report,
Managing the risks of extreme events
and disasters to advance climate
change adaptation (IPCC, 2012a),
and later on its fifth assessment re-
port (IPCC, 2013) have introduced
the concept of ‘climate risks’ and have
hence worked towards converging the
concepts of both communities. The
currently ongoing integration of cli-
mate change adaptation and disaster
risk- reduction approaches leads to
an increase of knowledge and has the
potential to foster network building
and to develop more efficient policies.
A respective report is under prepara-
tion under the lead of the European
Environment Agency (EEA).

The IPCC’s fifth assessment report
identifies several ways in which in-
creasing warming and climate-relat-
ed extremes can have an impact on a
socioecological system and focuses in
particular on those complex interac-
tions between climate and such sys-
tems that increase vulnerability and
risk synergistically (Oppenheimer et
al., 2014). One of them is the negative
effect of climate change on human
health, which results from a number
of direct and indirect pathways.

Direct biological consequences to
human health can derive from heat-
waves, extreme weather events and
temperature-related
of pollutants; yet most of the impacts
will be indirectly triggered by warm-

concentrations

ing-induced changes in environmen-
tal and social conditions (Mc Michael
2013) and are hence in their extent de-
termined by respective vulnerabilities.
Moreover, climate change induced ad-
verse impacts on crop yields’ quantity
and quality can exacerbate malnutri-
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tion (Met Office & WI'P, 2014) and
thus contribute to new or stronger
vulnerabilities to a range of diseases.

The assessment of climate-related
risks and the identification of respec-
tive key vulnerabilities needs to con-
sider the variety of these possible di-
rect and indirect impacts. Useful tools
to tackle this challenge are so-called
impact chains, which represent cas-
cading cause-effect relationships and
allow for structuring assessment pro-
cesses and the prioritisation of fields
of action (Schneiderbauer et al., 2013;

FIGURE 2.11

Fritzsche et al., 2014). Impact chains
have, for example, been developed
and applied by the ci:grasp adaptation
support platform (n.d.) and the latest
German climate change vulnerability
study (Buth et al., 2015).

2331
Vulnerability and climate
change in Europe

At European level, climate change is
recognised as an important driver of
risk due to both climate extremes (for
example heavy precipitation events

Global maps of vulnerability index calculated by INFORM (upper left)
approaches and the identified sub-components of risk and vulnerability
left and the WorldRiskindex on the bottom right.

Source: BEH and UNU-EHS (2016), INFORM (n.d.)
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or storms) and slow onset events of
long-term duration (for example sea
level rise or glacier retreat) Climate
change will also have positive im-
pacts in Europe in specific sectors
and in certain regions (for example
agriculture and tourism in northern
Europe). In this chapter we concen-
trate on potential adverse impacts
that require actions to reduce related
risks.. Though all the countries in the
EU are exposed to climate change,
the related impacts vary depending
on differences in climate conditions
but also in vulnerabilities and degree
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of exposure (EC, 2013). Many EU
Member States have based their na-
tional adaptation strategies on studies
about risks and vulnerabilities to cli-
mate change, for example the United
Kingdom in 2016 (UK, 2016), Get-
many in 2015 (Buth et al.,, 2015) and
the Netherlands (PBL, 2012). At Eu-
ropean level, respective studies have
been implemented by the European
Observation Network, Territorial De-
velopment and Cohesion (ESPON)
in 2011 (EPSON, 2011) and the EEA
in 2012 (EEA, 2012) and 2016 (EEA,
2017), as well as the European Com-

and WorldRiskindex (upper right). The respective underlying conceptual
are shown in the lower part representing the INFORM index on the bottom
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mission in 2014 (Ciscar et al., 2014).
The EEA hosts the European climate
adaptation platform website that rep-
resents the knowledge hub for climate

change risks and adaptation in Europe
(Climate-ADAPT, n.d.).

Some key vulnerabilities related to
climate change identified by these re-
ports are:

* demographic change / aging pop-
ulation;

* population growth in low- lying ur-
ban agglomerations;

* vulnerability of (critical) infrastruc-
ture to warming and floods;

* increasing dependency on elec-
tricity, particularly linked with the
increasing internationalisation of
power grids.

2.3.3.2
State of the art and
research gap

The knowledge about future climate
conditions is vast and continues to
increase. There are numerous studies
scrutinising climate change impacts
and vulnerabilities. However, most of
them have been carried out in a static
context and they have not considered
future socioeconomic developments
resulting in changes of land use, ur-
banisation or demography. Besides
climate scenarios, climate risk studies
should aim to integrate vulnerability
pathways.

Hurope-wide climate risk assessment
should further be supported and co-
ordinated with the results from na-
tional and subnational studies, where
appropriate. A certain level of stand-
ardisation is desirable in order to al-
low for comparison in space and time.
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234
Approaches to
assess vulnerability

Researchers and practitioners apply
quantitative, semi-quantitative, qual-
itative and increasingly mixed-meth-
ods approaches in order to assess

FIGURE 2.12

vulnerability. Whether an approach is
best suitable strongly depends on the
objective and the scope of the assess-
ment (e.g. understanding root causes,
identification of hotspots, trend anal-
ysis or the selection of risk- reduction
measures), as well as on the temporal
and spatial scale; there is no ‘one size
fits all’ approach.

Social vulnerability to floods in the Salzach river catchment, Austria.

Source: Kienberger et al. (2014)
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Qualitative vulnerability analyses are
based on experts’ estimates. They
are particularly useful if time and re-
sources for the study are limited and
if accessible data / information is
not sufficient for quantitative anal-
ysis of complex phenomena. Qual-
itative assessment carried out with
participatory techniques, such as in-
terviews or focus group discussions,
is particularly important for work at
local/community level and can reveal
context-specific root causes for vul-
nerabilities. Quantitative assessments
are often based on statistical analysis
exploiting data about loss and damage
related to certain hazards (see Section
2.3.4.1). The most widely employed
alternative to this is the application
of indicator-based approaches, which
ideally allows assessing patterns and
trends of vulnerability across space
and time. The multifaceted nature
of vulnerability cannot be adequately
represented by a single variable (e.g.
income per capita). Consequently, the
generation of composite indicators
has gained importance for grasping
such complexities. It allows for com-
bining various indicators into a vul-
nerability index and helps to translate
complex issues into policy-relevant
information.

At global level, there are a number of
composite indicators to assess disas-
ter risk, which represent vulnerability
as one of the risk’s dimensions next
to hazard and exposure, for exam-
ple the WorldRiskIndex (Welle and
Birkmann, 2015; BEH and UNU-
EHS, 2016) and the INFORM Index
(De Groeve at al., 2014; INFORM
n.d.). Both are continuously updat-
ed multi-hazard risk indices aiming
to support disaster risk reduction.
The WorldRisklndex is a means for



understanding natural hazard related
risks including the adverse effects of
climate changes whilst INFORM is
a tool for understanding risks to hu-
manitarian crises and disasters. Con-
ceptually, both indices are very similar.
Their methodologies are presented in
Figure 2.11. In the WorldRiskIndex,
the vulnerability part comprises the
components of susceptibility, cop-
ing capacity and adaptive capacity,
which are represented by 23 indica-
tors. In INFORM, vulnerability and
lack of coping capacity are divided
into two separate dimensions, which
are described by 31 indicators. Fig-
ure 2.11 shows the countries' vul-
nerability scores based on data from
2016 calculated using the INFORM
approach (left) and the WorldRisk-
Index approach (right). Below these
maps, the respective approaches and
sub-components are visualised. Both
indices started with an approach at
nation-state resolution and global
scale but strive for more sub-nation-
al applications of their methodology
(Wannewitz et al., 2010).

In Europe, a range of assessments
have used spatial approaches, such
as spatial multicriteria analysis  or
composite indicators to create maps
at subnational level that facilitate the
identification of hotspots and offer
information for place-based interven-
tion planning. For instance, a number
of studies have investigated vulnera-
bility in the context of river floods at
different spatial scales. Examples in-
clude assessments: (1) in Vila Nova
de Gaia, a flood-prone municipality
in northern Portugal (Fernandez et
al. 2016); (2) along the rivers Rhine,
Danube and Elbe in Germany (Fekete
2009); or (3) in the Salzach catchment
in Austria (Kienberger et al. 2014)
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(Figure 2.12). Using indicator-based
approaches, the three case studies
identify a set of social (e.g. age, edu-
cation and gender), economic (e.g. in-
come, employment and dependency),
organisational and institutional (e.g.
early warning systems (EWS), access
to health services, proximity to first
responders, etc.) indicators and aggre-
gate them into a composite index of
vulnerability.

Composite indicators have the advan-
tage to represent complex phenome-
na in a single value. If necessary, the
underlying indicators or subcompo-
nents of the index can be visualised
separately to support the understand-
ing of which factors contribute most
to a positive or negative situation in

FIGURE 2.13

the aggregated result (Hagenlocher
et al. 2013). On the other hand, com-
posite indicators are always data driv-
en and might conceal crucial aspects
that are not or cannot be expressed in
numbers and statistics.

In recent years, there is an increasing
number of studies aiming to under-
stand and analyse vulnerability in mul-
tihazard settings. For example, Welle
et al. (2014) present an approach for
the assessment of social vulnerability
to heat waves and floods as well as in-
stitutional vulnerability to earthquakes
in the city of Cologne, Germany.
While different sets of vulnerability
indicators are used and aggregated to
assess vulnerability to heat waves (e.g.
age, unemployment, place of origin,

Generic quantitative vulnerability functions showing vulnerability (i.e. de-
gree of loss) as a function of hazard intensity. The red curve represents a
more vulnerable element and the blue curve a less vulnerable element.

Source: courtesy of authors
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etc.) and floods (age and occupan-
cy rates per household), institution-
al vulnerability was evaluated using
qualitative information obtained from
a series of stakeholder consultations.
Acknowledging the fact that commu-
nities are often affected by multiple
hazards — combined, sequentially or
as a cascading effect —, these stud-
ies present an important step towards
providing solutions for real-world
challenges.

2341
Quantitative
vulnerability functions

Potential damage to physical assets
and loss of human lives are often as-
sessed using quantitative vulnerability
functions. These functions take into
account the intensity of the hazard
and the properties of the exposed
elements. The intensity expresses the
damaging potential of the hazard.
Properties represent the resistance of
the exposed elements such as build-
ing material and maintenance level.
Vulnerability functions are widely
applied to illustrate the relationship
between hazard
fatalities and damage. Generic vulner-
ability functions are shown in Figure
2.13 and refer to physical vulnerabili-
ty, described as ‘the degree of loss to
a given element, or set of elements,
within the area affected by a hazard. It
is expressed on a scale of 0 (no loss)
to 1 (total loss)” (UNDRO 1984).

characteristics and

Vulnerability functions may be sub-
divided into fatality/mortality func-
tions and damage functions (the latter
denoted and formulated in different
ways, e.g. loss functions, susceptibil-
ity functions and fragility functions).
Damage functions are mainly based
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on empirical data collected in the af-
termath of an event. Damage func-
tions, in particular functions relat-
ing building damage to water depth,
have a long tradition in the context
of flood damage evaluation (Mey-
er et al. 2013). Physical vulnerability
of buildings can also be assessed by
physical models or by use of expert
judgement. For some hazard types, fa-
tality or mortality functions are devel-
oped to determine the death ratio for
a single hazard parameter, e.g. water
depth or earthquake magnitude. This
allows the estimation of numbers of
fatalities occurring at, for example, a
certain water level. However, the de-
velopment of fatality functions goes
along with a high degree of uncer-
tainty, which stems from the variety
of physical and human parameters
influencing the loss of life. For exam-
ple, water depth may not be the only
and most relevant intensity measure.
Aspects such as flow rate, flood du-
ration or sediment transport might be
equally as important.

The most appropriate
methodology to assess
vulnerability strongly
depends on the purpose
and the context, as well
as the temporal and
spatial scales; there is no
‘one size fits all’ approach.

For quantitative physical vulnerabili-
ty assessment, one can apply existing
vulnerability curves, which are appro-
priate for the specific hazard and the

exposed elements (e.g. building types)
in study. Vulnerability curves have
been developed for several types of
natural hazards, such as wind storms,
landslides, floods, tsunamis and earth-
quakes. There are curves expressing
loss within the built environment as
well as loss of human lives. Most of
the curves are developed from empir-
ical data and accordingly fit well with
previous events in the area where the
data was collected. For other loca-
tions a calibration or validation of the
model is necessaty prior to use. Vali-
dation is also needed for physical or
analytical vulnerability functions.

Application of vulnerability functions
is useful in several phases of the risk
management, such as risk assessment
and risk treatment. Risk analysts,
scientists, stakeholders and deci-
sion-makers could be users of vulner-
ability functions with the purpose to
provide input to:

* decisions about the question of
whether risks need to be treated or
about issues such as the prioritisation
of risk treatment options of different
areas and of different hazard types;
* identification of appropriate and
optimal risk- reduction measures;

e financial appraisals during and im-
mediately after a disaster as well as
budgeting and coordination of com-
pensation (Merz et al., 2010).

Alternatives to vulnerability curves
are fragility curves, which also express
the uncertainty in the physical vul-
nerability. Fragility curves have been
widely applied in probabilistic risk and
vulnerability assessment, in particular
for earthquake risk (Hazus n.d.), but
recently also for landslide risk assess-
ment. These functions describe the



probability of exceeding different
damage states for various intensities.
In a recent study on seismic risks in
the city of Barcelona, Spain, a physi-
cal vulnerability assessment approach
was first carried out based on vulner-
ability functions for different building
types (e.g. unreinforced masonry or
reinforced concrete, steel and wood
buildings). In a second step this was
combined with a probabilistic analysis
of the seismic hazard into a seismic
risk assessment for buildings across
the city (Carrefio et al., 2014). The
authors also considered conditions
related to social fragility and lack of
resilience that favour second order
effects when a city is hit by an earth-
quake. Factors such as population
density, population with poor health
or social disparity were used as prox-
ies for social fragility. In addition, the
operating capacity in case of an emer-
gency, the state of development or the
access to health services were used as
indicators of lack of resilience and
combined in an overall urban seismic
risk index (Carrefio et al., 2007). The
results show that the population in
the central parts of Barcelona lives at
a considerably higher risk than those
living on the outskirts of the city.

2342
State of the art and
research gaps

Indicator-based assessment methods
have proved to support the drafting
and prioritisation of disaster risk- re-
duction measures and strategies as
well as the allocation of resources.
Several challenges exist with respect
to the dependency on data availability
and quality, the validation of the ap-
plied methodology and related uncer-
tainty analysis (Hinkel, 2011).
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Vulnerability curves are widely applied
for physical vulnerability assessment.
Future activities should focus on the
development of a repository of vul-
nerability curves with user guidelines
for different hazard types and differ-
ent types of assets. Research should
work on the development and use of
multiparameter  vulnerability func-
tions that are transferable, i.e. valid
for different building types, and appli-
cable for vulnerability changing over
time and for multirisk scenarios.

In order to fill these gaps, more data
are required for improving and cal-
ibrating existing models as well as
for proposing new empirical vulner-
ability models (see Subchapter 2.4).
Data collection and analysis should
be extended and streamlined through
the use of remotely sensed data and
geographic information system tech-
nology. The potential of Copernicus
services and particularly of Sentinel
data has not been fully exploited by
the disaster risk community.

An additional challenge lies in the
forward-looking nature of vulnerabil-
ity. That is, vulnerability assessment
needs to take into account those fac-
tors and processes that may not yet
have become evident in past disaster
situations. This is particularly valid in
highly dynamic environments where
both socio-natural hazards and vul-
nerability patterns might undergo
rapid changes in the near- and mid-
term future (Garschagen 2014).

The importance to integrate uncer-
tainty in vulnerability assessment has
often been underlined but remains an
issue of concern still today.

2.3.5
How vulnerability
information is used
in practice

The IPCC acknowledges DRM as a
process that goes beyond DRR (IPCC
2012b). Decisions to reduce disaster
risk must be based on a sound under-
standing of the related vulnerabilities.

A requirement that has clearly been
articulated in the SFDRR (UNISDR
2015b) as one of four main priorities
for action in the years to come.

2351
Vulnerability in disaster
risk management: from

knowledge to action

Complementing hazard analysis, vul-
nerability studies generate informa-
tion of relevance for various aspects
of risk reduction and adaptation strat-
egies, emergency management and
sustainable territorial planning. They
are of importance for all phases of
the DRM cycle covering short-term
response as well as long-term prepar-
edness or recovery. Correspondingly
large is the field of potential users
of vulnerability information, includ-
ing public administration staff who
are responsible for civil protection or
spatial planning, actors in the field of
insurance, private companies running
critical infrastructure, the civil society
and, finally, any individual. One way
of grouping the various purposes of
vulnerability studies and their main
users is to classify them according to
spatial scale. Extending the examples
presented above, Table 2.1 provides
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TABLE 2.1

Overview of vulnerability assessments, their main objectives and potential users at different spatial scales.
Source: courtesy of authors

Scale

Global

Main objective

Identification of
spatial hot spots;
allocation of
resources;
awareness raising

Examples

The vulnerability components of the
following risk indices: INFORM index (De
Groeve et al. 2015); World Risk Index
(BEH & UNU-EHS 2016); Disaster Risk
Index (Peduzzi et al. 2009); Natural
Disaster Hotspots index (Dilley et al.
2005)

Notre Dame Global Adaptation Index
(ND-GAIN n.d.)

Potential users

International
organisations (including
donors); international non-
governmental
organisations (NGO);
regional
intergovernmental
organisations

International/

Identification of

The vulnerability component of the

International

regional spatial hot spots; INFORM Subnational risk index for the organisations (including
allocation of Sahel and the Greater Horn of Africa donors); international
resources; (INFORM subnational models n.d.) NGOs; ROI
awareness raising Vulnerability to climate change in
Europe (ESPON 2011); climate change
vulnerability mapping for Southeast
Asia (Yusuf & Francisco 2009)
National / Identification of hot The vulnerability component of the International
subnational spots; development  INFORM Subnational risk index (INFORM  organisations (incl.
of risk reduction / subnational models n.d) for Lebanon donors); international
adaptation and Colombia, World Risk Index [/national / local NGOs;
strategies; subnational for the Philippines national, subnational and
allocation of (Wannewitz et al. 2016); Social local governments and
resources; Vulnerability Index for the USA (Cutter public administration
awareness raising; et al. 2003)
advocacy Numerous studies in Europe. For an
overview of work related to climate
change, see Prutsch et al. 2014
Local Identification of For an overview of vulnerability International

root causes;
strengthening
capacities of local
actors; empowering
communities

assessments in Europe with respect to
natural hazards, see Birkmann et al.
2014;

A semi-quantitative assessment of
regional climate change vulnerability by
Kropp. et al. 2006

organisations (incl.
donors); international /
national/ local NGOs;
national, subnational and
local governments and
public administration-
affected communities



an illustrative overview of selected
vulnerability assessments, their main
purposes and potential users at differ-
ent spatial scales.

Vulnerability assessment
is used to support
stakeholders and
policymakers in
prioritising various risks,
in identifying root causes
and spatial hotspots

and in developing risk
reduction strategies and
measures.

The complexity of vulnerability and
the wide range of possible appli-
cations of assessment studies re-
quire considerable effort to define
the studies’ scope (objective, target
groups, spatial and temporal scale,
spatial resolution of results, etc.). In
practice, vulnerability studies have
benefited from pursuing a process
of co-production of knowledge. The
integration of scientists, practition-
ers and potential users in the process
of a vulnerability assessment right
from the beginning usually results in
a higher level of acceptance of their
results. They are also more likely to be
used in decision- and policymaking.
An example is the latest vulnerability
assessment for Germany within the
scope of which a network of nation-
al authorities was created and which
participated in all important decisions
(Greiving et al., 2015).
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2.3.5.2
Conclusions and key
messages

Over the past decades, vulnerability
research has made considerable pro-
gress in understanding some of the
root causes and dynamic pressures
that influence the progression of vul-
nerability and raised awareness that
disasters are not natural but predom-
inantly a product of social, economic
and political conditions (Wisner et al.
,2004).

Vulnerability assessments are a re-
sponse to the call for evidence by de-
cision-makers for use in pre-disaster
risk assessment, prevention and re-
duction, as well as the development
and implementation of appropriate
preparedness and effective disaster
response strategies by providing in-
formation on people, communities or
regions at risk.

The following steps are proposed to
further improve vulnerability research
and related applications with the final
aim to inform policymakers to most
appropriately:

* co-produce knowledge in a trans-
disciplinary environment;

* evaluate and present inherent un-
certainties;

* integrate intangible but crucial fac-
tors into quantitative assessments;

* develop and apply methods that al-
low for considering cascading and
multirisks;

* combine vulnerability
with (climate-) hazard scenarios
when assessing future risks;

* empower communities to better
understand and reduce their vul-

scenarios

nerability in order to make them
more resilient to identified hazards;

* design and facilitate multilevel and
cross-sectoral feedback loops be-
tween public, practitioners and pol-
icymaking bodies (local, regional,
national and European) and other
stakeholders;

e standardise vulnerability
ment approaches in order to allow
for more comparison (in space and
time);

* work on improved evidence with-

aSSESS-

in vulnerability assessment — this
requires continuous effort to im-
prove loss and damage data.

Partnership

The comprehensive analysis and as-
sessment of vulnerability requires an
interdisciplinary approach involving
both natural and social sciences. In
addition, in order to foster sustainable
and efficient vulnerability reduction
strategies and measures, an approach
to produce knowledge co-productive-
ly is desirable. This calls for a part-
nership with affected communities,
practitioners and decision-makers. A
stronger link and enhanced interac-
tion with other relevant communities
is desirable, namely climate change
adaptation, natural resource manage-
ment, public health, spatial planning
and development.

Knowledge
The determination of risk often re-
mains hazard centred and hazard
specific and does not consider vul-
nerability appropriately. Vulnerability
assessment has tended to be mostly
quantitative in nature. Cultural as-
pects as well as formal (procedures,
laws and regulations) and tacit infor-
mal (values, norms and traditions)
institutions play a fundamental role
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as both enabling or limiting factors
of resilience and have not gained
sufficient attention. A challenge is
the need to consider local data and
information in order to account for
small-scale specificities of vulnerabil-
ity. Present databases on damage and
loss caused by natural hazards should
be standardised and extended to sup-
port evidence building in vulnerabil-
ity assessment. Bxisting barriers in
the co-production, exchange and use
of knowledge have to be understood
and minimised.

Innovation

In recent years, improved approach-
es to assess vulnerability by statistical
analyses or indices have been estab-
lished. Fostering the integration of
Harth observation data and technol-
ogy to detect changes would improve
the possibility to represent some of
the dynamic aspects of vulnerability.
Further improvement requires en-
hanced event and damage databases
and more sophisticated methods for
potential future vulnerability path-
ways and their integration into risk
scenarios. The challenge to integrate
qualitative information, which of-
ten contains crucial facts, needs to
be addressed. Observation data and
technology to detect changes would
improve the possibility to represent
some of the dynamic aspects of vul-
nerability. Further improvements
require enhanced event and damage
databases and more sophisticated
methods for potential future vulner-
ability pathways and their integration
into risk scenarios. The challenge
to integrate qualitative information,
which often contains crucial facts,
need to be addressed.
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