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Abstract

Socio-ecological hazards are processes that — depending on the vulnerability of societal
systems — may have profound adverse impacts. For this reason, the current discourse
in disaster risk reduction (DRR) has been experiencing a shift toward a vulnerability-led
paradigm, raising new questions about how to address (i) the complexity of vulnerabil-
ities to multiple hazards, (ii) their cultural, dynamic, and subjective character, and (iii)
the effectiveness and legitimacy of vulnerability assessments as decision-support tools.
In this paper, we present a review of 707 vulnerability studies (derived from the Clarivate
WoS database; 1988—-2018) with a particular focus on urban settings and spatially ex-
plicit assessments in order to evaluate current efforts to meet the aforementioned issues.
The reviewed studies assessed vulnerabilities to 35 hazard types that were predominantly
(n=603, 85%) analysed as single hazards (mostly seismic, flood, and groundwater contam-
ination hazards, as well as climate change), whereas only 15% (n=104) of studies focused
on multiple hazards (mostly atmospheric hazards). Within the spatially explicit vulnera-
bility studies, almost 60% used data collected by the study itself (mostly seismic hazards),
while statistical and combined data were both employed in 20% of cases (mostly floods,
climate change, and social and political hazards). Statistical data were found to have
only limited transferability, often being generalised to be applicable in small-scale stud-
ies, while reducing the role of cultural and contextual factors. Field research data pro-
vided high-resolution information, but their acquisition is time-consuming, and therefore
fixed at a local scale and single temporal stage. Underlying hazard types and suitable
data sources resulting in other differences found a preference towards the specific cov-
erage and resolution of vulnerability maps that appeared in 44% of all reviewed studies.
Altogether, the differences we found indicated a division of spatially explicit vulnerability
research in two major directions: (i) geological and geomorphological studies focusing
on physical vulnerability, using their own data surveys at a detailed scale and lacking
links to other hazards, and (ii) other studies (mostly atmospheric hazards and social-
political hazards) focusing on social or combined vulnerabilities, using primarily statisti-
cal or combined data at a municipal, regional, and country scale with occasional efforts
to integrate multiple hazards. Finally, although cartographic representations have be-
come a frequent component of vulnerability studies, our review found only vague ratio-
nalisations for the presentation of maps, and a lack of guidelines for the interpretation
of uncertainties and the use of maps as decision-support tools.
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Highlights for public administration, management and planning:

* Despite the theoretical discourse, there remains an alarming scarcity of assessments integrating vulnerabil-

ities to multiple socio-ecological hazards.

* The data used in vulnerability studies only partly reflect the dynamic and culturally constrained character

of vulnerabilities and disasters.

* We urge for better rationalisations for the presentation of vulnerability maps, and for accompanying guide-
lines to interpret these maps in decision-making processes.

1 Introduction

Socio-ecological hazards are induced by natural
and human processes (or a hybrid of both), with po-
tentially adverse impacts on societal systems. Ap-
proximately two hundreds of millions people are af-
fected by natural hazards globally every year, while
the livelihoods of hundreds of millions (the exact
numbers are subject to discussions) are exposed
to human and hybrid hazards related to political
unrest, industrial accidents, socioeconomic shocks,
pandemics, and other factors (Leaning & Guha-
Sapir 2013; EM-DAT 2018). Despite interannual
variations, long-term social and economic losses
may continue to rise as a result of uncertainties re-
lated to climate change (Kelman 2015; Hore et al.
2018; WMO 2019) and the compound effects of po-
litical reluctance to address structural causes of is-
sues including continuing poverty, economic injus-
tice, and creeping changes in population health
(Sawada et al. 2019). The salience of these im-
pacts is undoubtedly affected by human occupa-
tion of hazard zones (Burton et al. 1978; He-
witt 1983) and by human interventions that affect
the frequency and exacerbate the intensity of socio-
ecological hazards through compound and cascad-
ing effects (Cutter 2018). These notions have influ-
enced a shift in the disaster risk reduction (DRR)
discourse toward a vulnerability-led paradigm in re-
cent decades (Sarewitz et al. 2003; UNDRR 2015).
Since its introduction to policy documents, vulner-
ability has been the tenet of DRR research, sug-
gesting different conceptualisations (e.g., Cutter
1996; Adger 2006, see Kelman 2008 for critical
reflection; Burton et al. 2018), explaining mean-
ings (Wisner 2016; Kelman 2018), and providing
reviews of vulnerability assessment methodologies
(e.g., Hufschmidt 2011; de Ruiter et al. 2017).
In this paper, we use the generic definition for vul-
nerability proposed by UNISDR (2017): ‘the charac-
teristics determined by physical, social, economic
and environmental factors or processes which in-
crease the susceptibility of an individual, a commu-
nity, assets, or systems to the impacts of hazards’.

Although this shift toward wvulnerability assess-
ments is promising, it has also raised critical chal-
lenges for research agendas and for practitioners.
First, it has become increasingly evident that vul-
nerabilities to various processes create complex-
ities with multiple roots and eventual trade-offs
(e.g., Leaning & Guha-Sapir 2013; Rufat et al.
2015) that must be studied in a holistic manner
(White et al. 2001; Turner et al. 2003; Adger
2006). This notion results from the multilevel struc-
ture and stochastic character of socio-ecological
systems (Dostal 2008) exposed to hazards. For ex-
ample, in 2013 the European Forum for Disaster
Risk Reduction (EFDRR 2013) published a survey-
based report revealing several linkages between
Climate Change Adaptation (CCA) and DRR across
European countries. The report included a recom-
mendation to ‘continue to strengthen the link be-
tween CCA and DRR, integrating CCA into DRR
policies, plans and actions, and vice versa’ with
a strong emphasis laid on vulnerability assess-
ments. However, both random samplings of cur-
rent publications and overall evaluations of pol-
icy outcomes (Kelman et al. 2015; Wisner 2020)
show that efforts have fallen short in acknowledging
the multifaceted nature of vulnerability. This lack
denotes a continuing challenge to integrate both
the components of and methods for assessing vul-
nerability (Kuhlicke et al. 2011). Second, based
on the widening conceptualisation of vulnerability
as a socially constructed characteristic that is site-
specific and co-dependent on subjective probabili-
ties (i.e. mental vulnerabilities or degrees of be-
liefs; Burgman 2005), current studies have increas-
ingly called for the consideration of cultural fac-
tors and issues of power and legitimacy in assess-
ments of vulnerability and risk reduction (Kasper-
son et al. 2001; Bankoff et al. 2015; Burton et al.
2018). Refocusing research on vulnerable popu-
lations and explaining the roots of their vulnera-
bility has also raised two challenges for conven-
tional indicator-based vulnerability assessments: (i)
the liquidity of underlying information, denoting
the spatiotemporal dynamics of contexts and vari-
ables that are difficult to fix and process (Raska
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Dostal 2017; Raska 2019), and (ii) the bias caused
by subjective and culturally-based interpretation
of underlying information by those conducting vul-
nerability assessments. Third, while vulnerability
assessment is believed to better address the roots
of disasters and provide more legitimate and just in-
sights than solely technocratic hazard assessments,
the adaptive pathways needed to transform vulner-
ability assessments and DRR knowledge in general
into decision-supportive tools have begun only re-
cently discussed (Munene et al. 2018; Wisner 2016,
2020). This has seemed to shift the focus of re-
search toward creating new indicators and improv-
ing the sophistication of vulnerability assessments,
rather than exploring if and how the identified vul-
nerability characteristics and spatiotemporal varia-
tions could be addressed in order to reduce disas-
ter risk (Lewis 2012; Oliver-Smith et al. 2016; Kuh-
licke et al. 2020).

Spatially explicit vulnerability assessments clearly
exhibit all of the aforementioned challenges; we de-
fine these as assessments that explicitly monitor,
explore, and report on spatial variations in vulner-
abilities, frequently with the use of cartographic
representation. Spatially explicit assessments (i)
are conducted for a certain spatiotemporal socio-
ecological setting and therefore should reflect in-
terdependencies among various hazards and risks
(which are increasingly spread across boundaries),
(ii) tend to provide standardised and therefore com-
prehensive cartographic representation (thus chal-
lenging the nature of underlying data and their ag-
gregation) (e.g. Cutter et al. 2008; Fekete 2012;
Rufat et al. 2015), and (iii) intend to provide
a supportive base for particular phases and actions
of DRR, such as Emergency Operational Planning
(Gunes & Kovel 2000; Alexander 2002; Bojéroquez-
Tapia et al. 2009; Fekete 2012; Stehlikova et al.
2017; Hordk Ivan 2019) or Humanitarian Action
(Hall et al. 2008; Lechtenfeld 2013; Berg & Em-
ran 2020), questioning the usability of cartographic
representations of vulnerabilities as well as their le-
gitimacy, because such visual representations may
lead to stigmatization of certain populations and ar-
eas (Fekete 2012).

In this paper, we explore the current state of these
challenges and potential approaches to overcome
them by reviewing current practices in spatially ex-
plicit vulnerability mapping. This review was not re-
stricted to any particular hazard or risk, but rather
focused on urban areas (or any supra-regions in-
cluding urban areas) in which the majority of global
population is concentrated!; a UN report on global
cities (UN 2018: 9) noted that 679 of the 1146
cities with a population of at least half a million

faced individual or combined disaster risks. Our
specific research questions explored (i) the co-
herency of current vulnerability assessment meth-
ods and whether/how they addressed the complex-
ity and intertwined nature of hazards with suffi-
cient focus, (ii) which types of data have been used
for map-based vulnerability assessments and how
data type affects their flexibility, and (iii) the pre-
vailing approaches (coverage, scale, and resolu-
tion) to cartographic representation of vulnerabil-
ity and how these potentially hamper assessments
of vulnerability to multiple hazards.

2 Data and methods

2.1 Review

Although no review can claim to be complete,
we made an effort to provide transparent report-
ing of our individual steps (Moher et al. 2009).
Based on our focus on vulnerability assessments
of multiple socio-ecological hazards in urban set-
tings, we conducted a pre-test to explore publi-
cation patterns specific to terms used primarily
in titles, abstracts, and key words. The search
(performed in May 2018 using the Clarivate WoS
database) used the Topic (TO) and Title (TI) fields
with the following words: ‘urban’, ‘vulnerability’,
‘environmental’, and ‘risk’. Terms such as ‘map’
(mapping) and ‘spatial assessment’ were not used
to narrow the search because we intended to ex-
plore the proportion of spatially explicit vulnerabil-
ity assessments in all studies. Within this pre-test,
random publications from each group of results (Ta-
ble 1) were screened for content, after which we de-
cided to use a combination of the search terms TO:
urban and TI: vulnerability.

The 1098 records identified using these terms were
then subject to the step-wise evaluation schemat-
ically shown in a PRISMA flow chart in Fig. 1.
To maintain consistency and intercoder reliabil-
ity during record evaluation, screening was con-
ducted in two steps. First, all authors (coders) went
through all records and marked considered candi-
dates for exclusion. Second, we focused on 223 ex-
clusion candidates (records marked by at least two
coders), then checked these again, resulting in 149
records being excluded from the dataset.

In the next step, all records were evaluated for el-
igibility to comply with the review’s goals, favour-
ing empirical studies presenting original research
and focusing on societal vulnerabilities to socio-
ecological hazards. During this process, 240 further
records were excluded for criteria listed in Table 2.
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Table 1 Combinations of search words used in the
Clarivate WoS database (May 2018) during the pre-test
stage of the review

Number
Key words of Comments on content
records
TO: urban Vulnerablh.ty frequently menti-
. 4568 oned only in the abstract as
TO: vulnerability .
a framing concept
TO: urban
Th h 11 -
TO: vulnerability 886 e search generally under

TO: environmental estimated social vulnerability

Table 2 Criteria for exclusion of records within the
screening and eligibility stages of the review

Paper type

e Review papers

o Commentaries and letters to editors

e Corrigendum

Data type

e Explored theoretical, conceptual, and strategic
dimensions of vulnerability

o Used experimental approach without field empirical data
Object and area types

e Focused on plant and animal species

TO: urban Included many studies indirectly Focused only on specific types of objects
TO: vulnerability 2249 related to vulnerability or using (e.g. tunnels, shafts, special materials)
TO: risk it onlyas a framing concept o Dealt explicitly with natural environments and ecosystems
TO: urban The search generally under- o Explored only site-specific themes not applicable
TO: vulnerability 433 counted social vulnerability; to other areas (e.g. a slum in a selected country)
TO: environmental the resulting number of records Factors related to focus
TO: risk was not representative o Focused on health risks related to individual determinants
Too broad, including many and not at territorial levels
studies devoted to risk manage- e Explored vulnerability as a characteristic specific to/in
TO: u.rban 48825 ment and adaptation; risk was certain societal or economic segments (e.g. vulnerability
TO: risk understood inconsistently across of working children, sex crimes at work, price
the disciplines of economic products)
Mostly studies explicitly addre-
TO: urban lo9g SSing vulnerability in the core text;  The final list of 707 records was evaluated by coders
TI: vulnerability understanding of the central according to their research structure, including haz-
concept seemed consistent ard type, country, extent of focus area (continent,
TO: urban 10701 [ncluded many studies devoted  ooyntry region, semi-natural area such as flood-
TI: risk o risk management and adaptation - 144 ity city part/neighbourhood, block of build-
ings, population segment), presence of spatially ex-
g 1098 records identified plicit evaluation, . focus on cartographic vjsualisa-
= through database tion, map resolution (country, region, semi-natural
< searches* area such as floodplain, city, city part/neighbour-
k5 7 hood, block of buildings, fuzzy approach — grid,

1096 records after
duplicates removal

(@)
(=)
'c
o Y
G
(%3}
1096 records screened — 149 records excluded
> A
:'g) 947 records assessed for 240 full-text articles
w eligibility excluded**

A4

707 records included

Fig. 1 Review process flow chart. Notes: *Only two
duplicate records was identified as a single database
was used for the review. **Criteria for exclusion

are listed in Table 2.

linear features), explicit explanation of indicators,
and major types of data sources used for indicators.

2.2 Data aggregation and evaluation

The records in the database were aggregated using
R statistics (R Core Team 2017) in different ways,
complying with the specific aims of the paper. First,
we explored the frequency of vulnerability studies
dealing with single and multiple hazards as well
as connections between different hazards in multi-
hazard studies. Along with descriptive statistics,
we designed a typology of countries worldwide in
terms of the prevalence of specific hazard types and
the share of multi-hazard approaches to vulnerabil-
ity assessments in these countries. To do so, the
records were divided according to their spatial ex-
tent (country, continent, or global) and the number
of hazards researched. All countries were then as-
signed to five pre-defined types according to the
variability of approaches used to deal with single
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Country

Do more
than % of the records
focus on multiple
hazards

YES NO

Multiple

hazards Single hazards

Single or multiple
hazards?

Does
a particular
hazard appear in
more than 50% of the
records OR in more
than 1.5*IQR?

a particular
hazard appear in
more than 50% of the

YES NO YES
A A /

NO

Non-dominant
single hazard

Dominant
single hazard

Dominant
single hazard

Is there a dominant
single hazard?

Non-dominant
single hazard

Fig. 2 Flow chart for classifying records based on the plurality and dominance of hazards researched. IQR = Inter

Quartile Range

20 |l social (soC)
Atmospheric (ATM)
Biological (BIO)

100 B +ydrological (HYDRO)

Pedological (PED)
I Geological and Geomorphological (GEO)

80
60
. |||

20 .
lll

O —— —

2001
2002
2003
2004
2005
2006
2007
2008

Fig. 3 Annual frequency of studies (recorded in the
database) assigned to different hazard types (defined
in Supplement 1). Note: the repeated check revealed
exponentially increasing numbers of papers for latter
half of 2018 and for 2019, yet with roughly a similar
thematic structure as in the preceding years

and multiple hazards (Fig. 2). Continent-scale and
global studies were also assigned to the five pre-
defined types.

Second, the data were aggregated to explore
whether any pattern existed among the studied haz-
ards in terms of the indicators used to elaborate
the vulnerability assessments. Third, the records
were analysed to reveal the share of spatially ex-
plicit vulnerability assessments and of cartographic
representations for each hazard type. The car-
tographic representations were then assessed in
terms of coverage and spatial resolution to deter-
mine whether any approaches to cartographic rep-
resentation were prevalent for individual hazards.

3 Results and Discussion

3.1 Dataset: tracing the publication produc-
tion of vulnerability mapping

The 707 selected records showed a clear trend to-
wards increasing frequency of vulnerability studies
in scholarly publishing (Fig. 3), from only a few
records at the end of the 1980s to > 100 studies
in 2017. Currently, there is no universally accepted
classification of socio-ecological hazards of a suffi-
cient detail (EEA 2010; MunichRe 2017; EM-DAT
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Fig. 4 Individual hazards and their combinations in vulnerability assessments within the reviewed studies. See
Supplement 1 for explanation of hazard abbreviations. Note: for visual clarity, the figure displays only 40 columns

accounting for 643 of the 693 records.

2018). In addition, as the use of any of the pre-
defined classification schemes could bias the dis-
tribution of studies among the hazard and multi-
hazard groups, we decided for an implicit classifi-
cation procedure based upon the reviewed studies.
We are aware that even this approach may have re-
sulted in certain distortion of the results, i.e. in un-
certainties that must be taken into account through-
out the further text. For this reason, the most
evident uncertainties related to particular hazard
types are explained in footnotes. By content anal-
ysis and iterative re-categorisation of the records,
we identified 35 hazard types, 21 of which could
be tentatively? assigned to natural and 14 to social
processes (see full list in Supplement 1).

The relative share of studies dealing with partic-
ular hazard types displayed surprising invariance

over time, possibly indicating either that all con-
sidered hazards maintained or even increased their
severity, or that the robustness of scientific publish-
ing platforms (i.e. variety of journals) did not fully
capture certain shifts in research agendas. There
was also a persistent dominance of studies devoted
to natural hazards (ca. 3/4 of all reviewed stud-
ies). Given the current declared policy shift toward
climate change-related socio-ecological vulnerabil-
ities, it is quite important to determine whether
there is an increasing number of studies focusing
on interlinks between the hazards defined in Fig.
3. However, before exploring this question fur-
ther, we should point out a recurrent terminologi-
cal inconsistency revealed in the first step of the re-
view and already mentioned in the literature (Cut-
ter 1996). This consists of a duality in the use
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of vulnerability as both a subject- and a cause-
referred characteristic. While some studies explic-
itly define their focus on vulnerabilities of popu-
lation segments, cities, habitats, and other sub-
jects (therefore addressing rather structural roots
of disasters; e.g. Lins-de-Barros 2017), the titles
(and frequently the rest) of other studies assess
vulnerabilities to specific hazards that are consid-
ered as causal factors (e.g. Rashed & Weeks 2003;
Chatterjea 2011). A third group of studies explic-
itly aimed to assess the vulnerability of certain ob-
jects or population segments to specific hazards
(e.g. Singh et al. 2018). On the other hand, some
studies remained vague in acknowledging their re-
search focus in the title, abstract, or key words.
3.2 Multi-hazard vulnerability assessments
The analysed studies focused on 35 hazard types
that appeared as single hazards or as one of 70
unique combinations. Most studies (n=603, 85%)
focused on a single hazard in their vulnerability as-
sessments. Of the remaining 15% (n=104) multi-
hazard studies, a vast majority focused on two haz-
ards (n=88), while only four aimed to integrate
four hazards (the highest identified number). Even
if studies that — according to their authors — tack-
led complex vulnerability assessments® were added
to this set (n=45), the total share of studies integrat-
ing vulnerability assessments to multiple hazards
only slightly exceeded 20% of all records (n=149).
Adding the similar portion that dealt solely with cli-
mate change (n=55) increased the number of inte-
grative assessments to 29%.* These first figures in-
dicate that current publication practices continue
to lag behind the proclaimed shift towards holis-
tic vulnerability assessments of socio-ecological sys-
tems as shown in earlier studies (Liverman 1990;
Turner et al. 2003) and reviews (Adger 2006; Thon-
icke et al. 2020).

Our subsequent analysis focused on hazard types
and their unique combinations that were re-
searched by at least five studies in the review
database. The reduced database of 693 studies
(those consisting of particular hazard type or unique
hazard combinations with at least five records) in-
cluded 28 hazard types, all appearing in single-
hazard studies, and 25 of them in unique multi-
hazard combinations, representing 14% (n=96)
of studies in the reduced database (Fig. 4). Most
of the single-hazard studies were devoted to seis-
mic and flood hazards, followed by climate change,
complex vulnerabilities, groundwater contamina-
tion, and social-political hazards. The multi-hazard
studies exhibited a clear preference towards atmo-

spheric hazards, combining climate change with
various weather extremes, floods, and hazards
to water resources, whereas seismic hazards tended
to be explored most independently of other haz-
ard types. This certainly derives from the very na-
ture of these processes, but also indicated that cer-
tain disciplinary and epistemic traditions may af-
fect the low number of integrative vulnerability
assessments. Such assumptions reflect the find-
ings of earlier research identifying the reluctance
of professionals to undertake interdisciplinary work
(Alexander 1995; Baker 2017). To explore some as-
pects of these assumptions, in the following sections
we focus on data sources and typical spatial repre-
sentations used in assessments of vulnerability to in-
dividual hazard types (thus partly denoting the dis-
ciplines engaged).

The surprisingly small number of integrative
vulnerability assessments raises the question
of whether certain specialisations could be influ-
enced by the spatial scales of the studied regions,
therefore increasing the probabilities of combined
hazard types in individual countries. To anal-
yse the global pattern of wvulnerability studies
at the country scale, we conducted a typological
assessment (Fig. 5).

This global map clearly records a prevalence
of studies in the Northern Hemisphere and in
economically developed countries.  Given cur-
rent urbanisation trends and differences in liveli-
hood among the global population, the focal areas
of empirical vulnerability research continue to miss
the spatial distribution of populations under threat
(Alexander 1995; OECD 2019). Such claim is dif-
ficult to confirm by comparison with annual re-
ports on disaster events (MunichRe 2017), since
they are primarily based on reporting of economic
(both insured and not insured) losses. For 2016,
for instance, the report indicates only three events
in Africa to be among the largest 50 loss events.
The regional frequencies of disasters (both Mu-
nichRe 2017 and EM-DAT 2018) provide a better
insight, showing almost equal distribution of geo-
physical, climatic, biological as well as technolog-
ical hazards worldwide. Yet, the annual reports
still do not acknowledge variations of social ca-
pacities to cope with disrupting events. The pre-
vailing focus of vulnerability assessments on some
regions may be driven by the spatial accessibility
of regions and data availability, favouring research
in researchers’ domestic countries since most re-
search consists of local case studies. At the same
time, this trend suggests that vulnerability assess-
ments prevailingly focus on areas with potentially
high economic losses, in line with a monetisation ap-
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Fig. 5 Typology of countries based on the variability of approaches to vulnerability mapping

proach to vulnerability assessments (Pesaro 2018;
see Wisner 2020 for a critical discussion of the ‘div-
idend’ terminology in DRR).

In Fig. 5, we distinguished five types of countries
(map) and regions-continents (lower strip) accord-
ing to the integration of hazards within the indi-
vidual studies and the dominance of certain haz-
ards. At the primary level, two major types
were recognised: countries dominated by single-
hazard or multi-hazard studies. We assigned coun-
tries to the multi-hazard category if at least %
of the records concerned more than one hazard;
the rest were considered single-hazard regions.
At the secondary level, two subtypes were distin-
guished for each type according to the character-
istics of the hazards researched for particular coun-
tries. For each type, we sought regions where a sin-
gle hazard was dominant by following three rules:
(i) the hazard appeared in > 50 % of all records,
(ii) the hazard appeared more often than 1.5 * IQR
(interquartile range), and (iii) there should be more
than two records for a particular hazard. The last
(fifth) type referred to regions with less than three
records, for which it was impossible to draw conclu-
sions about single- or multi-hazard dominance.
Even at the country scale, there was a preva-
lence of single-hazard approaches to vulnerabil-
ity assessments, with a negligible difference be-
tween cases exhibiting dominance of a particular

hazard and those where various hazards were as-
sessed. Regional differences indicated certain rela-
tionships to the most threatening events, especially
in Europe, where north-western and central Euro-
pean countries accounted for a majority of stud-
ies on floods, whereas studies focusing on vul-
nerability to seismic hazards were most frequent
in southern Europe. Only four countries (Aus-
tralia, Canada, Indonesia, and the United Kingdom)
recorded a clear prevalence of multi-hazard vul-
nerability assessments, of which only the United
Kingdom displayed the dominance of a particu-
lar hazard (floods) next to the multi-hazard stud-
ies. The fifth case falling within the preferred
multi-hazard approach represented global vulnera-
bility studies which not related to a particular coun-
try(ies).

3.3 Data in vulnerability assessments

In this section, we analyse patterns across studies
of individual hazard types in terms of preferred data
source. Since transparent lists of data sources were
most frequently present in spatially explicit stud-
ies (67% of all 707 studies) that used cartographi-
cal representations (44% of all studies), we focused
only on this subset of records (n=310). Almost 60%
of these studies used data from their own research
to elaborate the vulnerability assessments, while
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statistical and combined data were both employed
in 20% of cases.

The own research (i.e. studies based on original
data collected by their authors) was mostly based
on manual identification of features under threat
using remotely sensed data, GIS overlay analysis
of different datasets, physical models of the built
environment, and field inventories and surveys
of social perception of hazards (both interviews
and questionnaires). The statistical data mostly ex-
ploited the potential of official national, regional,
and municipal statistics and censuses, and there-
fore aimed at demographic, educational, and eco-
nomic characteristics of the population and as-
sets. The preference towards certain data source
produced some patterns, but these were not sig-
nificant due to small number of records. Of

the most frequently represented hazard types, seis-
mic and groundwater contamination were predomi-
nantly assessed by the study authors’ own research
(Fig. 6). The need to employ original data surveys
results from the general lack of (and uncertainties
in) detailed information about built (seismic hazard)
and natural (groundwater contamination) environ-
ments in official sources. On the other hand, stud-
ies focusing on the vulnerability of the social envi-
ronment (floods, climate change, heatwaves) more
often used official datasets, sometimes also com-
plemented with study-specific field surveys of data
on social and physical vulnerability.

This pattern confirms previous claims regarding
a persistent lack of integrative vulnerability assess-
ments, while providing an explanation with criti-
cal implications for future research. In this re-
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spect, the persisting scarcity of research assess-
ing vulnerability to multiple hazards seems to result
from a bias towards considering physical or social
vulnerabilities independently, representing a pe-
culiar conceptual understanding of vulnerability
and the status of respective research agendas
across disciplines. This duality means that inte-
grative assessments are also hampered by the var-
ious data sources employed. Moreover, the issues
of transferability of established vulnerability indi-
cators and their effects on the complexity of vul-
nerability assessments must be noted. Statistical
data are among the best available sources, thus re-
ducing time demands for vulnerability assessments.
The transferability of vulnerability indicators is lim-
ited, however, as the variety of population indica-
tors available for different regions and countries dif-
fers significantly. This can be well-documented with
regional alterations to the Social Vulnerability In-
dex (SoVI; Cutter et al. 2003; Huang et al. 2015;
di Girasolle & Cannatella 2017) reflecting the dif-
ferent availability of variables in national and re-
gional statistics. In addition, studies tend to re-
duce the range of variables or generalise the vulner-
ability factors with increasing coverage of vulner-
ability assessments, from more diverse and robust
at a local level (Cutter et al. 2008 to generalised
at a global scale (Kok et al. 2016). Finally, com-
mon statistical data (sets of indicators) would tend
to reduce the current emphasis on cultural embed-
dedness and contextual factors determining vulner-
abilities (Kuhlicke et al. 2011; Bankoff et al. 2015).
Field research data, in turn, provide high-resolution
information, often with a unique complexity, but
their acquisition is time-demanding and therefore
usually limited to local case studies. Another issue
concerning the use of field research data is their lim-
ited temporal scale or flexibility. In contrast to sta-
tistical data, field data are usually collected once
or occasionally and are therefore unable to capture
the dynamic temporal nature of vulnerabilities (cf.
Kelman 2018).

3.4 Spatially explicit approaches
and vulnerability maps

Spatially  explicit vulnerability = assessments
that take advantage of cartographic visualisations
represent the basis for designing plans and pro-
cedures for various phases and actions within
DRR (e.g. Emergency Operation Planning). Al-
though non-cartographic works remain fundamen-
tal as they allow re-evaluation of the vulnerability
concepts and addressing reasons of vulnerability,
studies that include cartographic representation

of vulnerability assessments are among the major
research outcomes that may draw the attention
of the practitioners (cf.Wisner 2016 for the ‘long-
term’ and ‘short-term’ application of the vulnerabil-
ity concept).

Focusing only on the 693 studies in the reduced
database, 67% (n=467) had spatially explicit vul-
nerability assessments (Fig. 7). Of these, 64%
(n=301) also included cartographic representation
of the data, indicating that cartographic represen-
tation is among the primary aims of spatially ex-
plicit vulnerability assessments. The maps in the
reviewed studies were presented either as an ex-
ample (part of the overall area under study) or for
the whole study area. In the former case, the de-
scriptions of the cartographic representations did
not allow detailed assessments of the reasons
for presenting only part of the study area. Impor-
tantly, neither the purpose for presenting the maps
or recommended guidelines for their careful inter-
pretation and use were provided in many studies.
This creates the potential for extreme flexibility
for subjective interpretations (cf. Kelman 2018),
uses, and misuses of maps in vulnerability studies.
The absent interpretation guidelines also challenge
legitimacy of the vulnerability maps. For the areas
and communities, which are depicted as vulnera-
ble without an additional explanation of the roots
of vulnerability, may be stigmatized as inherently
poor, weak, or otherwise incapable of vulnerability
reduction. This finally leads to biased assumptions
about the particular areas and communities (Fekete
2012).

Within single-hazard studies, maps were most com-
monly present for heat waves (75% of all heat
waves studies), groundwater contamination haz-
ards (59%), and seismic hazards (56%). Multi-
hazard vulnerability studies with maps were sig-
nificantly underrepresented, accounting only for 32
cases (less than 5% of 693 studies). If present, these
maps visualised integrated vulnerabilities for cause-
related hazards, such as groundwater contami-
nation and water resources, or seismic hazards
and tsunamis.

The publication record for different hazard types
and their combinations, as well as the preferred
data sources and share of spatially explicit assess-
ments, revealed clear differences in the review.
Therefore, the goal of our final analyses was to iden-
tify the typical coverage and resolutions of vulnera-
bility maps. Such an analysis could reveal how haz-
ard type affects map coverage and resolution via
the preferred data type and therefore help to bet-
ter understand the aforementioned barriers to vul-
nerability assessments integrating different hazard
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types. Fig. 8 presents a matrix of two map variables
— coverage and resolution - with the frequency dis-
tribution of single-hazard studies. The spatial cov-
erage of maps ranged from continents to blocks
of buildings, with country-wide, regional, and city-
scale assessments being most frequent. Country-
wide and regional assessments were characteristic
for climate change, floods, heat waves, and socio-
political hazards, whereas seismic hazards domi-
nated city-scale maps, followed by floods and other
hazards. Depending on spatial coverage, there was
also diversity in map resolution. At the city scale,
most seismic maps assessed vulnerability for blocks
of buildings derived from physical models of con-
struction and damage curves. In contrast, flood
maps at the city scale rarely used the fuzzy or block

of buildings resolution due to data unavailability, al-
though dasymetric methods have been used to suc-
cessfully used to overcome this barrier (Nelson et al.
2015).

These results comply with and confirm the previ-
ously discussed diversification of vulnerability as-
sessments into at least two major themes: (i) geo-
logical and geomorphological studies (mostly seis-
mic hazards) with their own data surveys at a de-
tailed scale and with a lack of links to other haz-
ards, and (ii) other studies (mostly atmospheric haz-
ards and social-political hazards) with primarily sta-
tistical data at a municipal, regional, and country
scale, with occasional efforts to integrate multiple
hazards.
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4 Conclusions

The ongoing shift towards vulnerability-centred
studies in DRR has resulted in multiple reasons
to re-assess disasters as complex and dynamic pro-
cesses preconditioned by political, sociocultural,
economic, and environmental characteristics with
manifest profound spatial variations. In this review,
we analysed 707 academic papers (published be-
tween 1988 and 2018), aiming at vulnerability as-
sessments with a particular focus on spatially ex-
plicit approaches in urban settings in order to re-
veal how scholarly publishing reflects the theo-
retical debate regarding the aforementioned DRR
challenges. Our results show that there remains
an alarming scarcity of assessments integrating
vulnerabilities to multiple hazards. We interpret

this scarcity as a result of disciplinary and epistemic
traditions within the disciplines engaged in wvul-
nerability assessments. These are underpinned
by the very nature of the hazards under study
and manifested by preferred approaches towards
a hard distinction between physical or social vul-
nerabilities, and by prioritising certain types of data
sources for vulnerability assessments. The data
used in the reviewed studies only partly reflect
the dynamic and culturally constrained character
of vulnerabilities and disasters. Such preferences
then proliferate to the spatial coverage and resolu-
tion of vulnerability maps, altogether hampering at-
tempts at integrated vulnerability assessments. Fi-
nally, although cartographic representations have
become frequent components of vulnerability stud-
ies as a result of widespread geoinformation tools,
our results found vague rationalisations for the pre-
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sentation of such maps, and a lack of guidelines
for the interpretation of uncertainties and the use
of maps as decision-support tools.
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Footnotes

1Such a focus is not meant to insinuate that the rural population,
which often lacks financial resources and power to initiate insti-
tutional change to cope with disasters, deserves less attention.
Our focus derives from the scope of the ongoing research project
aimed to provide integrative vulnerability assessments for an ur-
ban setting.

2This distinction was only for improved orientation as most of
these hazards exhibited interconnectedness in their causes as
well as exacerbation of their impacts (e.g. landslides can be trig-
gered by human alteration to terrain, flood frequencies may be
affected by climate change and their magnitudes by floodplain
alteration, and smoke and dust veil tracks following industrial
accidents may be affected by actual weather).

3These studies focused on establishing complex indicators of so-
cial vulnerability rather than integrating different hazards and
risks.

4 Most studies exploring vulnerability to climate change did not
explicitly focus on integrative assessments to various climate
change-related hazards, but rather used climate change as a ter-
minological framework and mostly explored temperature varia-
tions over time.
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