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Abstract. People are unequally affected by extreme weather
events in terms of mortality, morbidity and financial losses;
this is the case not only for developing, but also for industri-
alized countries. Previous research has established indicators
for identifying who is particularly vulnerable and why, focus-
ing on socio-demographic factors such as income, age, gen-
der, health and minority status. However, these factors can
only partly explain the large disparities in the extent to which
people are affected by natural hazards. Moreover, these fac-
tors are usually not alterable in the short to medium term,
which limits their usefulness for strategies of reducing social
vulnerability and building social capacity. Based on a liter-
ature review and an expert survey, we propose an approach
for refining assessments of social vulnerability and building
social capacity by integrating psychological and governance
factors.

1 Introduction

The impacts of events like the European heat wave in 2003,
the landfall of Hurricane Katrina near New Orleans in 2005,
and the flooding of large parts of Queensland (Australia) in
2010/2011 demonstrated that industrialized countries are not
immune to high losses from extreme weather events. Also,
like in developing countries, large disparities exist in so-
cial vulnerability to natural hazards; people are unequally
affected in terms of adverse health effects, loss of life and
property (e.g. Curtis et al., 2007). The frequency of weather-
related extremes such as heavy precipitation events and heat
waves will very likely increase due to climate change (Meehl
et al., 2007), so that in all likelihood more people will be

affected in the future. In order to understand potential conse-
quences of natural hazards for humans, to better understand
who is particularly affected and why, and to reduce nega-
tive impacts of natural hazards, the concept of social vul-
nerability was developed. There are a vast number of defini-
tions of social vulnerability (cf. Tapsell et al., 2010); follow-
ing a definition of vulnerability common in natural hazards
and disaster research, we understand social vulnerability as
“the characteristics of a person or group and their situation
that influence their capacity to anticipate, cope with, resist,
and recover from the impact of a natural hazard1” (Wisner
et al., 2004, p. 11). Many attempts have been made to mea-
sure social vulnerability (for comprehensive overviews see
Adger et al., 2004; Adger, 2006; Tapsell et al., 2010; also see
Hufschmidt, 2011); so far, social vulnerability assessments
have relied mainly upon socio-demographic indicators such
as age, gender, and household income (see Sect. 2.1). Socio-
demographic indicators refer to inherent aspects of vulner-
ability that are rather static, at least in the short to medium
term: people cannot become younger or change their eth-
nicity, and increasing poor people’s income is an essential
yet long-term challenge in vulnerability reduction. Thus, as-
sessments limited to socio-demographic indicators are also
limited regarding their usefulness for vulnerability reduction
(e.g. through supporting decisions on monetary flows and
particular consideration of vulnerable population groups in
emergency plans).

Going beyond socio-demographic indicators for the as-
sessments of social vulnerability can substantially contribute

1 We understand a natural hazard as “purely physically defined”
(Adger et al., 2004, p. 28), the impact of a hazard reflected in lives
lost, people affected and economic losses (cf. ibid).
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to a better understanding of exactly which capacities peo-
ple lack that enable them to deal with natural hazards. Such
knowledge is the prerequisite for the effective building of
social capacity and thereby reducing people’s vulnerability.
Psychological factors such as the perception of being at risk2

from a hazard, the knowledge of self-protection and the mo-
tivation to actually carry out such measures are important
elements of social capacity. At the same time, governance
factors creating an environment that protects those that are
vulnerable from the adverse impacts of natural hazards and
increases people’s ability to protect themselves, are essential
components of social capacity building and vulnerability re-
duction. Moreover, psychological and governance factors are
changeable – meaning they can potentially be altered within
the short to medium term, and the power to do so lies at least
partially with local policy makers and private persons. The
purpose of our research was to identify a set of indicators
that would allow a refinement of common assessments of so-
cial vulnerability and offers possible starting points for vul-
nerability reduction and social capacity building at the local
level. Using the term local level, we refer to the household
and community levels, being the most crucial for loss pre-
vention behaviour and measures (cf. Hufschmidt, 2011).

Following the process of our research, the paper is orga-
nized as follows: first we will give an overview of the results
of our literature review of indicators of social vulnerability
and social capacity building. Second, we will describe the
expert survey conducted to assess the perceived relevance of
the indicators reviewed and outline the survey’s results. The
last part of the paper will be dedicated to the conclusions; a
possible nested approach to detecting and reducing vulnera-
bility and building social capacity, and future research steps
will be discussed.

2 Literature review

Three questions were guiding our literature research: on the
individual level, what are the factors that make people vulner-
able to natural hazards? Which factors increase social capac-
ity or the likelihood of people taking action to reduce their
own vulnerability? On the community level, which factors
influence the vulnerability of a community and its residents?
In dealing with all of these questions, we were interested in
indicators3 representing those factors. Possible answers to

2We understand “risk” as the likelihood of a natural hazard com-
bined with the likely impact of the hazard on peoples’ lives, family
and property (cf. Adger et al., 2004, p. 33). With “risk perception”,
we refer to people’s perception of this likelihood and the perceived
severity of the consequences.

3 We use the term “indicator” referring to an indicator’s name;
measurable units need to be assigned to the indicators for their use
in surveys. In the research work presented, the operationalization of
the indicators varied – while yet referring to the same phenomena.
Strictly speaking, many of the traditional indicators (e.g. “age”) are

those questions can be found in research on social vulnerabil-
ity to natural hazards, social vulnerability to climate change,
social vulnerability reduction, loss prevention and social ca-
pacity building. Our focus is on studies of weather-related
extremes (heat waves, floods (fluvial, pluvial, tidal), storms).
With a very likely increase in such extremes due to climate
change (Meehl et al., 2007), the question of how people deal
with these natural hazards is also increasingly relevant. In
presenting the results of the literature review, we distinguish
between (a) different natural hazards (categories heat, flood,
storm) and (b) different categories of indicators, i.e., tradi-
tional indicators (those commonly used in vulnerability as-
sessments), psychological and governance indicators. For the
traditional and the psychological indicators, we have only in-
cluded surveys or case studies that analyse the correlation
between certain factors or indicators on the one hand and
impacts of natural hazards (mortality, morbidity, financial
losses) or loss prevention behaviour on the other hand. By
correlation we refer to an observed quantitative relation indi-
cated by statistical correlation, factor analysis, or percentage
(e.g. 75 % of the fatalities were elderly). Some studies solely
rely upon secondary statistical data, assuming a strong posi-
tive correlation between certain indicators and vulnerability
without analysing actual correlations of those indicators to
the outcomes (e.g. fatalities) in a certain event (for discus-
sions of different approaches cf. Hinkel, 2011; Kuhlicke et
al., 2011a; Tapsell, 2005). Such studies were not included for
the traditional and psychological indicators. However, for the
governance indicators, such a strict limitation would have led
to very few results. Therefore, the aforementioned types of
studies were also included for the research on the governance
factors, as were studies based on a “theoretical understanding
of relationships” (Tapsell et al., 2010, p. 27).

2.1 Traditional indicators – focus on assessing inherent
vulnerability

Previous research on social vulnerability has focused on in-
dicators such as age, gender, and household income (e.g.
Brooks et al., 2005; Cutter et al., 2003; Demetriades and
Esplen, 2010; Gladwin and Peacock, 1997; Jonkman et al.,
2009; Masozera et al., 2007; Mearns and Norton, 2010; Mor-
row, 1999; Reid et al., 2009; Tapsell et al., 2002). These tra-
ditional indicators are used individually or as part of a vul-
nerability index (e.g. Fekete, 2009; Cutter et al., 2003; for an
overview on four major indices see Birkmann, 2007). Vul-
nerability assessments based on traditional indicators follow
well-established procedures, with the indicators referring to
available data such as census data. Common outputs of such
vulnerability assessments are vulnerability maps, highlight-
ing vulnerable areas of different scales (e.g. country, county,

not actual indicators in the sense that “indicators are used to assess
the change over time of processes or phenomena that are difficult
to measure” (Tapsell et al., 2005, citing from Cobb and Rixford,
1998).
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city) (e.g. Cutter and Finch, 2008). Other studies empirically
test assumed linkages between indicators of socio-economic
characteristics and demographic factors on the one hand and
vulnerability on the other (e.g. Brooks et al., 2005; Cutter
et al., 2003; Fekete, 2009). Table 1 lists those traditional in-
dicators, for which we found surveys or case studies testing
the correlation between those indicators and financial losses,
mortality, morbidity and loss prevention behaviour.

2.2 Psychological indicators – focus on correlates of
vulnerability reduction behaviour and social
capacity building

In the context of our work, psychological indicators refer
to cognition, emotions and experience relevant to human
action, more precisely, vulnerability reduction behaviour
(cf. Grothmann, 2005). The starting point for our research
on psychological indicators were Grothmann’s reflections
(Grothmann, 2005) on the Protection Motivation Theory
(Rogers and Prentice-Dunn, 1997) and his model of private
precautionary damage prevention (Grothmann and Reuss-
wig, 2006). These models take into account psychological
factors for analysing why “some people take precaution-
ary action while others do not” (ibid, p. 101). We included
those psychological indicators for which we found surveys or
case studies testing the correlation of the indicators and indi-
vidual vulnerability reduction or loss prevention behaviour.
Such behaviour can substantially reduce people’s vulnerabil-
ity (World Bank and United Nations, 2010). For example,
there are several low-cost measures in responding to a heat
warning (e.g. drink more fluids, stay indoors). Yet, many peo-
ple, despite being aware of such a warning, do not respond
accordingly (Sheridan, 2007). Surprisingly, there is very lit-
tle research on exactly which psychological factors play a
role with regard to how people act upon heat warnings (cf.
Kalkstein and Sheridan, 2007). Also, the potential of private
loss prevention measures is impressive. For example, finan-
cial losses caused by flooding can be reduced by up to 80 %
through private measures such as water barriers installed at
the house (Egli, 2002, p. 43; also see Botzen et al., 2009;
Kreibich et al., 2005, 2012; Kreibich and Thieken, 2009).
For certain private damage prevention measures, psycholog-
ical factors such as risk perception have been shown to ex-
plain more variance than traditional socio-economic factors
such as household income (Grothmann and Patt, 2005; also
see Howe, 2011). Krömker and Mosler (2002) describe sev-
eral psychological factors or rather processes that are cru-
cial regarding the realisation of private loss prevention mea-
sures. They also stress that “those factors must be properly
addressed if people are to be persuaded to generate protection
capacity” (ibid., p. 109). Consequently, to be useful for vul-
nerability reduction, assessments of vulnerability should also
examine “individual and community social environments”
(Yardley et al., 2011, p. 671; also see Mustafa et al., 2011).

For the results of the literature review on psychological indi-
cators, please refer to Table 2.

2.3 Governance factors – starting points for reducing
vulnerability at community level

The relevance of governance factors in reducing social vul-
nerability has been emphasized in a broad range of research
work (cf. Pearce, 2003, 2005; Tan et al., 2007; Tan, 2008;
White and Howe, 2002). However, although the term gov-
ernance is extensively used, it is still an ambiguous concept
(cf. Kaufmann and Kraay, 2008). Within this text, our un-
derstanding of governance refers to a notion of “good gov-
ernance” regarding vulnerability reduction, i.e. the existence
of public capacities and local institutions designed to support
vulnerability reduction measures. Because of our focus on
the community and household levels, we included only those
governance factors that local decision makers have a direct
influence on. For example, emergency plans for a community
that are easy to understand, accessible and widely known can
help community members protect themselves against natural
hazards. Regarding floods, the importance of governance as-
pects such as “an active involvement of interested parties in
the setting up of flood risk management plans” is reflected
in their inclusion in the EU Flood Risk Management Direc-
tive 2007/60/EC (Fleischhauer et al., 2012, p. 2785). It was
shown that participatory decision-making can reduce vul-
nerability (e.g. Pearce, 2003, 2005). Participation in dealing
with risks from natural hazards can lead to a greater familiar-
ity with the risk and can thereby increase the likelihood of the
risk to be dealt with (cf. Wachinger and Renn, 2010). Gov-
ernance indicators have been included in assessments of vul-
nerability within a set of vulnerability indicators, without be-
ing directly classified as governance indicators (cf. Carreño
et al., 2007; Cutter et al., 2010; Hahn et al., 2003; Tapsell
et al., 2002). There are relatively few studies on governance
factors yielding empirical evidence of the relevance of those
factors. Therefore, Table 3 also lists studies emphasizing the
importance of certain governance factors at community level
based on “a theoretical understanding of relationships” (see
above, Tapsell et al., 2010, p. 27) or expert opinion, i.e. qual-
itative rather than quantitative arguments.

3 Expert sample and survey

The indicators listed in Tables 1–3 were included in an expert
survey. The purpose of the expert survey was an assessment
of the relevance of these indicators for identifying and target-
ing vulnerable population groups in industrialized countries.
The survey was carried out online between 15 October and
5 November 2010. The survey language was English. Thirty-
eight (38) experts were invited to participate, with ten experts
actually participating (for a discussion of the response rate
see Sect. 5). The experts were selected as follows: academic
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Table
3.G

overnance
indicators

im
portantfor

vulnerability
reduction

and
capacity

building
(industrialized

countries
only).

Indicators
H

azard
S

tudies
thatstate

im
portance

ofindicator
for

reducing
vulnerability

and
building

capacity
(industrialized

countries
only)

A
uthors

E
xistence

and
quality

of
building

codes
S

torm

G
eneral

U
pgrading

and
enforcing

building
codes

decreases
the

risk
ofinjury

associated
w

ith
hurricanes.

25
%

ofthe
insured

losses
from

H
urricane

A
ndrew

could
have

been
avoided

through
betterbuilding

standards
and

theirregularenforce-
m

ent.
H

igh
quality

and
regular

enforcem
entofbuilding

codes
decreases

vulnerability.

S
hultz

etal.(2005)
K

unreuther
(1996,p.172)

D
w

yer
et

al.
(2004);

M
arlin

et
al.

(2007);
H

ahn
et

al.(2003)

E
xistence

ofem
ergency

plans
H

eat
F

lood
G

eneral

H
eatw

ave
in

2006
(F

rance):low
er

excess
actualdeath

toll(2065)
than

predicted
(6452)

w
as

explained
by

i.a.the
em

ergency
plans.

E
m

ergency
plans

ensuring
stocks

ofsupplies
and

shelter,help
to

reduce
problem

s
in

the
afterm

ath
ofa

disaster.
E

m
ergency

plans
decrease

people’s
vulnerability

regarding
naturalhazards

and
clim

atic
risks.

F
ouilletetal.(2008)

Jonkm
ann

(2007)
G

upta
etal.(2010);C

utteretal.(2010);M
urphy

(2007);
H

ahn
etal.(2003)

C
onsideration

of
natural

hazard
im

pactreduction
G

eneral
S

ystem
atic

consideration
ofpotentialim

pacts
from

naturalhazards
and

clim
atic

threats
in

com
m

unalkey
sectors

reduces
vulnerability.

S
teinf

ührer
and

K
uhlicke

(2007);
F

ekete
(2009);

A
ldrich

and
B

enson
(2008)

Q
uality

ofU
rban/R

ural
D

evelopm
entP

lans
F

lood
G

eneral
Ifrisk

offlooding
is

considered
in

urban/ruraldevelopm
entplans,vulnerability

oflow
-incom

e
households

can
be

decreased.
S

pecific
clim

atic
risks

and
potentialhazards

can
be

approached
in

urban/ruraldevelopm
entplans

to
reduce

vulnerability
in

the
long-run

(e.g.through
air

exchange
corridors).

M
orrow

(2008)
B

ollin
et

al.
(2003);

Tan
et

al.
(2007);

C
arre
ño

et
al.(2007);B

arroca
etal.(2006)
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raining

of
health/em

ergency
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G
eneral

T
raining

ofprofessionals
from

the
health

and
em

ergency
sector

im
proves

the
overalllevelofadaptive

capacity
and

decreases
vulnera-

bility.
A

ldrich
and

B
enson

(2008,p.3);M
orrow

(2008)

Voluntary
involvem

ent
in

supportofvulnerable
population

groups

G
eneral

T
he

num
ber

ofactive
volunteers

supporting
vulnerable

groups
(e.g.elderly,disabled)

in
a

com
m

unity
indicates

the
w

illingness
to

help
people

m
ostatrisk

and
helps

to
decrease

the
vulnerability

ofthese
groups.

M
arlin

etal.(2007);S
tanley

(2010)

P
articipatory

decision-m
aking

(P
D

M
)

G
eneral

P
roxy

V
ulnerability

ofa
com

m
unity

could
be

decreased
ifplanners

consider
the

know
ledge

and
needs

ofthose
m

ostatrisk.
P

D
M

w
as

crucialto
decrease

losses
from

w
ildfires,landslides

and
w

ater-borne
disaster

in
the

U
S

and
C

anada.
M

orrow
(2008);H

ahn
etal.(2003);Ikeda

etal.(2008)
P

earce
(2003,2005);M

urphy
(2007)

T
raining

of
people

inv.
in

house
construction

and
urban

planning

G
eneral

F
requent

training
of

com
m

unity
m

em
bers

involved
in

construction,
housing,

and
urban

planning
is

considered
to

be
an

im
portant

com
ponentofa

resilientcom
m

unity.
G

upta
etal.(2010);U

N
IS

D
R

(2010)

T
raining

ofstaffin
educationalservices

G
eneral

E
ducationalstaffneeds

to
be

regularly
trained

in
order

to
create

a
culture

ofaw
areness

ofthe
im

portance
ofrisks

from
naturalhazards

and
their

repercussions
on

vulnerable
groups.

H
ahn

etal.(2003);C
arreño

etal.(2007)

A
vailability

and
accessibility

ofhazard
related

inform
ation

G
eneral

A
lack

ofinform
ation

regarding
insurance

options,building
codes,clim

ate-adapted
refurbishm

ent,and
general

assistance
can

hinder
both

preparedness
for

and
recovery

from
a

disaster.A
lso

see
Table

2
indicators

“know
ledge

ofm
easures”.

M
orrow

(2008);P
eguero

(2006);
Tapselletal.(2010)

H
azard-related

inform
ation

in
form

aleducation
G

eneral

G
eneral

P
roviding

area-specific
inform

ation
on

naturalhazard
in

prim
ary,secondary

and
tertiary

education
courses

is
crucialto

heighten
general

aw
areness.

“Youth
involved

in
education

program
s

had
significantly

higher
levels

ofcorrectknow
ledge

ofreadiness
and

response
behaviors,low

er
levels

ofincorrectknow
ledge,and

reported
m

ore
hom

e-based
hazards

adjustm
ents”.

H
ahn

etal.(2003)

R
onan

etal.(2010,p.503)

C
ivic

engagem
ent

G
eneral

C
ivic

engagem
enthelps

push
the

localgovernm
entto

consider
problem

s
specific

to
vulnerable

groups
affected

by
naturalhazards.

M
urphy

(2007);M
orrow

(2008)

A
w

areness-raising
program

s
G

eneral
F

requentaw
areness-raising

program
s

aboutthe
risks

related
to

a
naturalhazard

is
a

prerequisite
for

any
action

aim
ing

atreducing
local

im
pacts

from
those

hazards.
M

arlin
et

al.
(2007);

Tan
et

al.
(2007);

H
ahn

et
al.(2003);C

arrẽno
etal.(2007)

T
raining

in
proposal

w
riting

G
eneral

A
vailability

offunding
sources

and
staffw

ith
experience

on
how

to
successfully

apply
for

funds
thatfocus,for

instance,on
locallevel

adaptation
actions.

M
arlin

etal.(2007)
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researchers with more than one scientific publication in the
fields of social vulnerability to natural hazards, social vul-
nerability to climate change, social vulnerability reduction,
loss prevention and social capacity building were considered
as potential experts for the survey, representing the research
fields we included in our literature review. This led to a se-
lection of 50 experts. Within the team, we then discussed the
suitability of each of those 50 experts based on their work
included in our literature review, their other scientific publi-
cations and their research activities. This led to the targeted
sample of 38 (20 female, 18 male) experts being invited to
participate in the survey via email. Of the ten experts par-
ticipating (5 female, 5 male), all are affiliated with universi-
ties or research institutions; they all hold a Ph.D.; seven of
the ten experts are professors or associate professors (one of
whom is a professor emeritus) in the USA (4), the UK (3),
Germany (2), and Canada (1). The experts’ research inter-
ests as stated on their professional or personal websites are
(frequency of mention in brackets): (social) vulnerability (as-
sessment) (5), climate change adaptation (5), climate change
impacts (3), risk assessment (3), issues of global environ-
mental change (3), sustainability (3), resilience (3) and gen-
der (2), natural hazards (2), environmental and risk gover-
nance (2), disaster risk management and reduction (2).

In the survey, we distinguished between household and
community level indicators. The household level indicators
include the traditional and psychological indicators. They are
directly linked with the situation of a particular household
and are therefore relevant for the identification of vulner-
ability down to the household level. The community level
indicators refer to the governance indicators that are rele-
vant at community level. The governance indicators do not
allow distinguishing vulnerabilities at household level; how-
ever, they still directly affect the households of a commu-
nity, and therefore offer starting points for individual vulner-
ability reduction (cf. Hufschmidt, 2011). The experts were
asked to make assessments of all 31 indicators presented in
Tables 1–3, except for “gender” (see Sect. 4.2.1). In the first
part of the survey, the experts were asked to make assess-
ments of the (1) importance of the household level indica-
tors for identifying population groups vulnerable to (a) heat
waves, (b) floods, (c) storms, and (d) natural hazards in gen-
eral (including not only heat waves, floods and storms but
also landslides, earthquakes etc., referred to as “generic vul-
nerability”. In the second part of the survey, the experts were
asked to assess the importance of the suggested community
level (i.e. governance) indicators as starting points for vul-
nerability reduction regarding the above mentioned hazards
(a–d). Also, the experts were asked to rate their (2) certainty
regarding each assessment. For each indicator, they had the
option to leave a comment. The experts were not provided
with the complete information from Tables 1 to 3 in order
to get the experts’ opinion based on their own research and
experience, not an assessment of the quality of the studies re-
searched. The experts were given an assumption concerning

the indicators’ relation to vulnerability, and a short explana-
tion of an indicators meaning if considered necessary4. As-
sessments were made via drop-down menus, i.e. for assess-
ing importance: very important, important, rather important,
rather not important, not important, not at all important; for
assessing certainty: very certain, certain, rather certain, rather
not certain, not certain, not at all certain.

4 Results

4.1 Assessments of importance

Table 4 shows the quantitative results of the survey. The as-
sessment of importance differed across the individual cate-
gories (generic, heat, storm, flood). Seven of the eight tradi-
tional indicators were on average evaluated as “important”:
“medical problems”, “residence type”, “age”, “household
income”, “ethnic minority”, “disability” and “social isola-
tion”. Standard deviations are small particularly for “medical
problems”, the indicator that was rated most important as a
generic indicator; this indicates a high consensus among the
experts; also, the experts were certain regarding their assess-
ment. “Age” as an indicator of vulnerability to heat waves
was assessed with the highest average importance rating,
highest certainty, and highest consent among the experts.

Four of the eight psychological indicators were on aver-
age evaluated as “important” regarding their generic impor-
tance: “trust in official information sources”, “existence of
role models”, “perceived personal risk”, and “perceived rela-
tive cost”. All other psychological indicators were rated as
“rather important” regarding their generic importance. In-
terestingly, “hazard experience” was only assessed as being
“rather important” regarding its generic importance. How-
ever, in the individual categories, the indicator was consid-
ered to be “important”. This emphasizes the importance of
hazard-specific assessments of social vulnerability. The indi-
cators “trust in official information sources” and “existence
of role models” were evaluated as the most important of the
psychological indicators. The standard deviations were rel-
atively small, indicating high consensus among the experts,
and the experts were certain regarding their assessments of
these indicators.

Nine of the fourteen community level indicators were
evaluated as “very important” or “important” for the cate-
gory “generic”. The indicators with the highest ratings refer
to standards and plans: “existence and quality of building

4 Examples for the presentation of indicators: for the house-
hold level indicators: (a) social isolation – assumption: people who
are socially isolated (i.e. with few contacts outside their household)
are more vulnerable to natural hazards. (b) Perceived protection re-
sponsibility – explanation: measures people’s belief about who is
responsible for conducting hazard protection measures (households
or government). Assumption: people with high perceived protection
responsibility for households are less vulnerable.
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codes”, “existence of emergency plans”, and “quality of ur-
ban/rural development plans”. The importance of these indi-
cators is also highlighted by the high consensus among the
experts (e.g. nine out of ten experts assessed building codes
as “very important” or “important”). The indicator “partic-
ipatory decision-making” (PDM) was rated as “important”
for the generic and the heat category, and as “very important”
for the categories flood and storm, with the experts being cer-
tain regarding their assessment and low standard deviations
for flood and storm. Standard deviation for heat was high,
reflecting that some experts found PDM to be also very im-
portant regarding heat waves. “Availability and accessibility
of hazard-related information” and “awareness-raising pro-
grams” were assessed as only being “rather important”. We
found this surprising since these aspects are often mentioned
as key aspects in vulnerability reduction (e.g. Hahn et al.,
2003; Marlin et al., 2007).

4.2 Challenges regarding the use of indicators

In the following, we will discuss challenges regarding the
use of indicators, based on the experts’ comments and com-
plemented by research work regarding those comments.

4.2.1 Household level indicators

Many indicators used to assess vulnerability are ambiguous
(also see below for a discussion of the indicator “gender”).
One example is the indicator “age”: old people are gener-
ally physically more vulnerable, but might be more likely
to hold insurances against financial losses from natural haz-
ards (Fekete, 2009; also see Steinführer and Kuhlicke, 2007).
“Hazard experience” is assumed to reduce vulnerability, but
some people with hazard experience might be more vulner-
able due to a (false) sense of security or a reduction of per-
ceived risk, based on prior low-impact hazard experiences or
false warnings (cf. Shultz et al., 2005; Peacock et al., 2005).
However, other studies find no negative influence of unneces-
sary evacuations on future evacuation behaviour (e.g. Baker
1991; Dow and Cutter, 1998). Sharma and Patt (2012) em-
phasize the importance of defining “hazard experience” in
their attempt to “resolve the conflicting findings in literature
about the effect of past hazard experience” (ibid., p. 409).

Some experts hold that the indicator “gender” should be
included. There are indeed many studies that show higher
vulnerability of women to natural hazards, especially in
developing countries (Aguilar, 2010; Mearns and Norton,
2010), but also in industrialized countries, mainly due to a
lack of financial resources (Masozera et al., 2007; Morrow
and Enarson, 1996). Generally, it can be assumed that in so-
cieties where “women and girls have less access to and con-
trol over resources” (Demetriades and Esplen, 2010, p. 133),
women are disproportionately affected by natural disasters.
There is research finding men to be less likely to evacuate
due to a belief they can effectively protect their homes,

which potentially puts them in danger (Riad et al., 1999),
although this may also be true for women being responsible
for the home and children, especially in developing countries
(Oswald Spring, 2008). Also, there is a high relation of fe-
male gender with fragility, which might be due to the higher
percentage of females reaching old age (Fekete, 2010). Addi-
tionally, females show a higher risk perception and prepared-
ness for taking action (Flynn et al., 1994; Fothergill, 1996).
All over, we find “gender” to be a very ambiguous indica-
tor, especially regarding industrialized countries (cf. Arora-
Jonsson, 2011), and did therefore not include it in the expert
survey.

Many studies use the indicator “single household” as an
indicator for social isolation. However, it seems more im-
portant to what extent an individual is integrated into a so-
cial network outside the household (e.g. friends, neighbours,
family) as such a network potentially provides crucial infor-
mation and support in case of a disaster (Klinenberg, 2003).

A distinction between slow onset and sudden onset dis-
asters might be more meaningful than distinguishing natural
hazards in climatic terms. The underlying reasoning is the
fact that with long warnings, e.g. for a snow-melt flood, is-
sues that are crucial in a situation requiring a fast evacuation
(such as physical strength, mobility) become less important.

The indicator “household income” is assumed to be a sum-
mary marker for a constellation of factors that measure dis-
advantages and resources for coping (cf. Fothergill and Peek,
2004). However, well-off households can still be vulnerable;
it has been shown that the availability of means for carry-
ing out hazard prevention measures does not automatically
lead to their actual implementation (cf. Grothmann and Patt,
2005).

To find meaningful indicators is always a challenge, but
particularly so with regard to psychological factors. For ex-
ample, “perceived personal risk” can be measured in many
different ways, probably touching different aspects of risk
perception. Also, risk perception in itself is a complex issue,
influenced by psychological, social and cultural components
(cf. Wachinger and Renn, 2010; from Slovic, 1992). Using
just one indicator for “personal risk perception” would im-
ply an oversimplification of the matter – a sacrifice regularly
made in indicator-based approaches.

The US and Europe have very different profiles for corre-
lations of vulnerability, with some indicators such as social
isolation, class, or household income (cf. Kovats and Hajat,
2008). Given that the majority of studies on vulnerability
in industrialized countries relate to the US, the question of
transferability of US study results to European and other in-
dustrialized countries requires further research (cf. Kuhlicke
et al., 2011a).

4.2.2 Governance indicators

It is a challenge to define a set of governance indicators.
Governance indicators are highly context specific and thus
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usually broadly described rather than precisely defined. Of-
ten, governance indicators lack a reasonable unit of measure-
ment, which makes it difficult to use them for comparative
vulnerability assessment. While it is difficult to assess the
exact effects of, for instance, building codes and emergency
plans on vulnerability, these indicators allow devising vulner-
ability reduction measures (e.g. improving the enforcement
of building codes in flood-prone areas).

While there is general agreement about the relevance of
“participatory decision-making” as an important indicator
for identifying starting points for vulnerability reduction, the
experts stressed the challenge of carrying out successful par-
ticipatory decision-making leading to vulnerability reduc-
tion. In the experts’ experience, disaster preparedness lev-
els were often still unsatisfactory despite several participa-
tory decision-making mechanisms. A seeming lack of suc-
cess of such participation can obviously have many rea-
sons; one might be the quality of the process itself (cf.
Renn and Schweizer, 2009). Similarly, many local govern-
ment programs that aim at raising people’s awareness of nat-
ural hazards do not necessarily imply higher preparedness
levels within a community. Vulnerability is a highly context-
specific phenomenon (cf. Füssel, 2007) and therefore calls
for high-quality programs that are tailored to local conditions
(cf. Kuhlicke et al., 2011b; also see Matthies and Krömker,
2000).

5 Discussion

The response rate to the survey was rather low (see Sect. 3),
which poses a potential source of bias (cf. Kelley et al.,
2003). A higher response rate might have led to different
values for some of the indicators. Still, we assume that it
would not have changed the overall picture of the importance
ratings and therefore consider the response rate as accept-
able. Also, there are no identifiable fundamental differences
between respondents and non-respondents – they all have
similar qualifications and research backgrounds. Reasons for
non-participation were not given except by two experts, who
stated they did not consider themselves the right experts for
the survey.

In addition to the assessment of the indicators’ impor-
tance, we were interested in potential dissent and consen-
sus among the experts. To analyse this, we chose to perform
a variance analysis, which is a controversial procedure for
analysing rating-scale data. However, it has been shown that
performing statistical analyses requiring interval-level data
(such as variance analysis) on rating-scale data does not lead
to substantial distortion in the results (Labovitz, 1970). Pro-
viding a high number of response categories can support the
perception of the required equidistance between the cate-
gories, five to seven categories being assumed a sufficient
number (Mayer, 2006, p. 82). Fewer answer categories might
have led to higher standard deviations (SDs), which were

rather low (SDs from 0.4 to 1.6, with an average of 0.95).
Another critical issue is posed by the verbal representation
of the answer categories, which are assumed to be less suit-
able for expressing equidistance between the categories than
numerical representation (i.e. only assigning the extreme val-
ues “very important” and “not important at all” on a scale of
one to six) (cf. Schulz and Renn, 2009). Our choice of verbal
representation was led by its assumed higher convenience for
the drop-down menu in the online survey tool we used (Sur-
vey Monkey). However, for future work, we would probably
opt for numerical representation to avoid any confusion re-
garding the wording and better allow for the performance of
statistical analyses.

In the survey, both the traditional and the psychological
indicators were presented as indicators for identifying vul-
nerable population groups. That was because we were inter-
ested in the experts’ assessments regarding the relevance of
the psychological indicators as indicators complementary to
the traditional ones. However, our reason for including psy-
chological indicators is their importance with regard to loss
prevention behaviour. An alignment of the survey question
(i.e. as how important do the experts consider the psycho-
logical indicators for loss prevention behaviour) might have
led to different results regarding the importance rating. Also,
comparing the assessment of importance and certainty, one
can see the tendency that the experts’ certainty regarding
their judgments increases with increasing importance ratings.
With more research on the relevance of psychological fac-
tors, the certainty of experts and their assessments regarding
these factors might also increase.

6 Conclusions – a concept for integrating psychological
and governance factors

The results from the expert survey suggest that psycholog-
ical indicators can be seen as complementary but not equal
to the traditional indicators when it comes to vulnerabil-
ity assessment; most of the psychological factors were as-
sessed as being less important than the traditional factors for
identifying vulnerable population groups. However, an ex-
pert survey with other experts might have led to different re-
sults. In an expert survey carried out by Müller et al. (2011)
with practitioners (persons from the regional government,
non-governmental organisations, communal planning insti-
tutions), psychological indicators such as “experience with
floods”, “knowledge about floods” and “knowledge about
flood protection measures” were rated as being more im-
portant for urban vulnerability assessments than traditional
indicators such as “age”, “occupation status” and “gender”
(ibid., p. 2116). In any case, when looking at how to re-
fine vulnerability assessments, reduce vulnerability and build
social capacity, we believe that surveys including psycho-
logical indicators – especially in combination with gover-
nance indicators – could offer extremely valuable insights for
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decision makers at the local level. There are three main rea-
sons for this assumption: firstly, the literature review shows
that there are many surveys and case studies finding a signif-
icant correlation between psychological factors and the like-
lihood of people to take private vulnerability reduction mea-
sures. Secondly, many of the psychological factors are poten-
tially changeable in the short to medium term. Thirdly, unlike
some traditionally recognized vulnerability factors (such as
age or poverty), they can potentially be influenced by (lo-
cal) decision makers or through (local) governance strategies
(e.g. modes of risk communication, incentives for private
vulnerability reduction measures, participatory processes).
Being able to determine which governance factors can in-
crease the likelihood of people adopting loss prevention be-
haviour would make psychological and governance factors a
powerful couple. For example, participatory processes have
been shown to change people’s perception of natural haz-
ards, their level of trust in authorities and their willingness
to “initiate protective action” (Wachinger et al., 2012, p. 13).
Programs and campaigns for disaster risk reduction based on
insights regarding psychological factors and people’s moti-
vation to take private loss prevention measures can have a
huge potential for overall loss prevention. Considering this,
the costs of surveys that allow gaining these insights for a
particular locality seem marginal. Governance has been rec-
ognized as playing a major role in reducing the vulnerability
of individuals and communities. This is shown by our litera-
ture review and confirmed by the expert survey. However, de-
spite insights into how, for example, participatory processes
should be set up (e.g. Matthies and Krömker, 2000), accord-
ing to the expert survey, apparently many of such processes
in disaster risk reduction miss their objective of increasing
preparedness. Including both psychological and governance
aspects might improve the extent to which such processes
are tailored to the needs of the people affected and thereby
increase the effectiveness of the processes.

Following the aforementioned thoughts, we propose a
pragmatic concept (see Fig. 1) to make efficient use of the
different indicators and research instruments for assessments
of social vulnerability and building of social capacity (cf.
Tapsell et al., 2005).

Firstly, indicators of exposure to climatic and natural haz-
ards (e.g. altitude above sea/river level) could be assessed.
Secondly, for those regions which have turned out to show
medium to high exposure, traditional indicators such as age,
medical problems and household income could be gathered.
Thirdly, psychological indicators such as trust in official
information sources, existence of role models or risk per-
ception could be evaluated (with a focus on regions that
have been identified as vulnerable through the collection of
traditional indicators). The collection of the psychological
indicators will require setting up surveys. By applying sur-
veys only to those regions that have been identified as vul-
nerable through the first two steps, the costs of such surveys
would be reduced. Fourth, governance indicators could be
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assessed to assist the planning of governance measures to re-
duce vulnerability. Based on the data gathered in the previous
steps, these measures could be planned efficiently and target-
group specific. Through this, the concept as described might
support local decision makers, organisations and institutions
in assessing vulnerability at community and household level
and be useful for planning measures for social capacity build-
ing (cf. O’Sullivan, 2012). Nevertheless, to further improve
such efforts, more research is necessary regarding the influ-
ence of psychological factors on the likelihood of people to
take private vulnerability reduction measures.

The approach as presented is especially relevant against
the background of an increasing “privatisation of risk” (Ste-
inführer et al., 2009), that is, according to Kuhlicke et
al. (2011a), promoted by changes in governance practices
in many European countries with regard to natural hazards.
People at risk are “encouraged or even required to take more
responsibility for their actions” (ibid., p. 806). This often
conflicts with people’s perception that they have few chances
to prevent losses from natural hazards (cf. Grothmann and
Patt, 2005; Plapp and Werner, 2006). Consequently, it seems
useful that people should become more aware of possible
threats and means of protecting themselves. This empha-
sizes the importance of understanding the determinants of
private loss prevention behaviour, but the “privatisation of
risk” can be problematic when it leads to the “expectation
that city residents [. . . ] will be active consumers of public
goods, [. . . ] rather than “citizens” entitled to social protec-
tion” (Klinenberg, 2003, p. 232) – a perspective potentially
leading to too high a burden on the citizens (cf. Steinführer,
2009). Claiming that people need to take responsibility to
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protect themselves from natural hazards should not absolve
the state from its duty to protect its citizens and to tackle so-
cial inequality as a root cause of vulnerability.
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Hahn, H., Villagŕan L., J. C., and Hidajat, R.: Comprehensive Risk
Management by Communities and Local Governments, Compo-
nent III: Indicators and Other Disaster Risk Management Instru-
ments for Communities and Local Governments, Regional Pol-
icy Dialogue Natural Disasters Network, Inter-American Devel-
opment Bank, Washington, 2003.

Hinkel, J.: “Indicators of vulnerability and adaptive capacity”: To-
wards a clarification of the science–policy interface, Global Envi-
ron. Chang., 21, 198–208,doi:10.1016/j.gloenvcha.2010.08.002,
2011.

Howe, P. D.: Hurricane preparedness as anticipatory adaptation: A
case study of community businesses, Global Environ. Chang.,
21, 711–720,doi:10.1016/j.gloenvcha.2011.02.001, 2011.

Hufschmidt, G.: A comparative analysis of several vulnerability
concepts, Nat. Hazards, 58, 621–643,doi:10.1007/s11069-011-
9823-7, 2011.

Ikeda, S., Sato, T., and Fukuzono, T.: Towards an integrated man-
agement framework for emerging disaster risks in Japan, Nat.
Hazards, 44, 267–280,doi:10.1007/s11069-007-9124-3, 2008.

Jonkman, S. N.: Loss of life estimation in flood risk assessment,
Proefschrift, University of Technology, Delft, 2007.

Jonkman, S. N., Maaskant, B., Boyd, E., and Levitan, M. L.: Loss of
Life Caused by the Flooding of New Orleans after Hurricane Ka-
trina: Analysis of the Relationship between Flood Characteris-
tics and Mortality, Risk Anal., 29, 676–698,doi:10.1111/j.1539-
6924.2008.01190.x, 2009.

Kaiser, R., Rubin, C. H., Henderson, A. K., Wolfe, M. I., Kieszak,
S., Parrot, C. L., and Adcock, M.: Heat-related death and mental
illness during the 1999 Cincinnati heat wave, Am. J. Foren. Med.
Path., 22, 303–307, 2001.

Kalkstein, A. J. and Sheridan, S. C.: The social impacts of the heat–
health watch/warning system in Phoenix, Arizona: assessing the
perceived risk and response of the public, Int. J. Biometeorol.,
52, 43–55,doi:10.1007/s00484-006-0073-4, 2007.

Kaufmann, D. and Kraay, A.: Governance indicators: Whre are we
– where should we be going? World Bank Res. Obs., 23, 1–30,
doi:10.1093/wbro/lkm012, 2008.

Kelley, K., Clark, B., Brown, V., and Sitzia, J.: Good practice in the
conduct and reporting of survey research, Int. J. Quality Health
Care, 15, 261–266,doi:10.1093/intqhc/mzg031, 2003.

Klinenberg, E.: Dying Alone: The Social Produc-
tion of Urban Isolation, Ethnography, 2, 501–531,
doi:10.1177/14661380122231019, 2001.

Klinenberg, E.: Heat wave: a social autopsy of disaster in Chicago,
The University of Chicago Press, Chicago and London, 2003.

Knowlton, K., Rotkin-Ellman, M., King, G., Margolis, H. G.,
Smith, D., Solomon, G., Trent, R., and English, P.: The 2006 Cal-
ifornia Heat Wave: Impacts on Hospitalizations and Emergency
Department Visits, Environ. Health Perspect., 117, 61–67, 2009.

Kovats, R. S. and Hajat, S.: Heat stress and public health:
a critical review, Annu. Rev. Public Health, 29, 41–55,
doi:10.1146/annurev.publhealth.29.020907.090843, 2008.

Kreibich, H. and Thieken, A. H.: Coping with floods in
the city of Dresden, Germany, Nat. Hazards 51, 423–436,
doi:10.1007/s11069-007-9200-8, 2009.

Kreibich, H., Thieken, A. H., Petrow, Th., M̈uller, M., and Merz,
B.: Flood loss reduction of private households due to building

www.nat-hazards-earth-syst-sci.net/13/1613/2013/ Nat. Hazards Earth Syst. Sci., 13, 1613–1628, 2013

http://dx.doi.org/10.5194/nhess-9-393-2009
http://dx.doi.org/10.5194/nhess-12-2785-2012
http://dx.doi.org/10.1016/j.gloenvcha.2006.05.002
http://dx.doi.org/10.1016/j.gloenvcha.2005.01.002
http://dx.doi.org/10.1007/s11069-005-8604-6
http://dx.doi.org/10.1016/j.envsci.2010.05.006
http://dx.doi.org/10.1016/j.gloenvcha.2010.08.002
http://dx.doi.org/10.1016/j.gloenvcha.2011.02.001
http://dx.doi.org/10.1007/s11069-011-9823-7
http://dx.doi.org/10.1007/s11069-011-9823-7
http://dx.doi.org/10.1007/s11069-007-9124-3
http://dx.doi.org/10.1111/j.1539-6924.2008.01190.x
http://dx.doi.org/10.1111/j.1539-6924.2008.01190.x
http://dx.doi.org/10.1007/s00484-006-0073-4
http://dx.doi.org/10.1093/wbro/lkm012
http://dx.doi.org/10.1093/intqhc/mzg031
http://dx.doi.org/10.1177/14661380122231019
http://dx.doi.org/10.1146/annurev.publhealth.29.020907.090843
http://dx.doi.org/10.1007/s11069-007-9200-8


1626 J. Werg et al.: Assessing social capacity and vulnerability of private households to natural hazards

precautionary measures – lessons learned from the Elbe flood
in August 2002, Nat. Hazards Earth Syst. Sci., 5, 117–126,
doi:10.5194/nhess-5-117-2005, 2005.

Kreibich, H., Christenberger, S., and Schwarze, R.: Economic mo-
tivation of households to undertake private precautionary mea-
sures against floods, Nat. Hazards Earth Syst. Sci., 11, 309–321,
doi:10.5194/nhess-11-309-2011, 2011.

Krömker, D. and Mosler, H.: Human Vulnerability – Factors Influ-
encing the Implementation of Prevention and Protection Mea-
sures: An Agent Based Approach, in: Global Environmental
Change in Alpine Regions, Impact, Recognition, Adaptation, and
Mitigation, edited by: Steininger, K. and Weck-Hannemann, H.,
Cheltenham, Edward Elgar, 93–112, 2002.

Kuhlicke, C., Steinf̈uhrer, A., Begg, C., Bianchizza, C., Bründl,
M., Buchecker, M., De Marchi, B., Die Masso Tarditti, M.,
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