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Abstract
Indices assessing country-level climate and disaster risk at the global scale have experi-
enced a steep rise in popularity both in science and international climate policy. A number
of widely cited products have been developed and published over the recent years, argued
to contribute critical knowledge for prioritizing action and funding. However, it remains
unclear how their results compare, and how consistent their findings are on country-level
risk, exposure, vulnerability and lack of coping, as well as adaptive capacity. This paper
analyses and compares the design, data, and results of four of the leading global climate
and disaster risk indices: The World Risk Index, the INFORM Risk Index, ND-GAIN
Index, and the Climate Risk Index. Our analysis clearly shows that there is considerable
degree of cross-index variation regarding countries’ risk levels and comparative ranks. At
the same time, there is above-average agreement for high-risk countries. In terms of risk
sub-components, there is surprisingly little agreement in the results on hazard exposure,
while strong inter-index correlations can be observed when ranking countries according
to their socio-economic vulnerability and lack of coping as well as adaptive capacity.
Vulnerability and capacity hotspots can hence be identified more robustly than risk and
exposure hotspots. Our findings speak both to the potential as well as limitations of index-
based approaches. They show that a solid understanding of index-based assessment tools,
and their conceptual and methodological underpinnings, is necessary to navigate them
properly and interpret as well as use their results in triangulation.
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1 Introduction

Within a world of increasing risks from environmental hazards and climate change impacts,
robust information on the patterns of risk and is essential to guide risk reduction and climate
change adaptation, as highlighted for instance in the first priority for action on “Understand-
ing Risk” within the United Nations Sendai Framework of the Disaster Risk Reduction (UN
2015a). While an increasing number of global indices to assess the level of countries’ climate
and disaster risk has been developed and published over the past years, no study exists which
strategically assesses their results for consistency. This lack is striking when juxtaposed
against the increasing role of risk information in policy agendas and associated processes,
e.g., the use of risk index rankings in statements by heads of states in international climate
negotiations. Within a world of rising impacts and losses from disasters related to environ-
mental and climate hazards (CRED and UNDRR 2020; CRED and UNISDR, 2018; Munich
Re 2020), the international community has emphatically called for consistent information on
countries’ risk levels (UNFCCC 2015). Such information is supposed to help better under-
stand disaster and climate risk, its patterns, dynamics, and causal drivers—a priority for
action also within international global climate policy (UNFCCC 2015), and the Sustainable
Development Goals (United Nations 2015b). In addition, comparative risk information on
country level is often considered of increasing importance to help steer the growing body of
international finances for risk reduction, risk transfer and adaptation, especially within the
emerging mechanisms for climate change-related finances which have the mandate to
concentrate on the “most vulnerable” and therefore need comparative risk information, e.g.,
the Adaptation Fund, or the Green Climate Fund (Garschagen and Doshi, under review) or
the InsuResilience Solutions Fund. Moreover, country-level risk information is also thought
to increasingly help track the progress made in risk reduction and adaptation over time and
across different countries (Hagenlocher and Garschagen 2017). Risk index information at the
country level therefore has the potential to become an important tool for the emerging
mechanisms of progress monitoring within the Global Stocktake under Article 14 of the
Paris Climate Agreement (UNFCCC 2015), the Sendai Framework Monitor (SFM) (UNDRR
2018; UN, 2015a), and the Progress Reports of the UN Sustainable Development Goals
(SDGs) (UN, 2020).

Risk indices can greatly contribute to these aims for two key reasons. First, in contrast to loss and
damage data, they are able to capture the latent, multidimensional nature of risk. This is important
especially in the context of low-frequency but high impact events (e.g., strong cyclones) where risk
needs to be assessed and tracked independently of actual loss and damage data, manifesting itself
only in disaster events. Second, modular or so-called composite risk indices—as are most of the
products discussed here—are able to capture and compartmentalize the different components of risk
in line with standard conceptual framings (Garschagen et al. 2019; IPCC 2012; Wisner et al. 2003),
most importantly (a) the characteristics of the hazard(s), (b) the exposure of humans and assets, (c)
the vulnerability or sensitivity of these, and (d) the capacity to be prepared for, cope with, and
recover from such events in the short- or long-term. Third, they provide a quantitative measure that
can be tracked and compared over time and across countries.

The number of global multi-hazard risk indices has therefore been rising lately. Despite slight
differences in the conceptual design, methods, and data used by the different indices, they all are
presented with an almost identical narrative: that they capture the level of climate and disaster risk in
countries around the globe and hence allow for a ranking and comparison. While the rising number
of available indices underscores the strong engagement with the topic of climate and disaster risk, it
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also raises questions for decision-makers, risk practitioners, and academics—the very target audi-
ences of these products: It has become difficult for potential users to grasp the methodological
difference, evaluate the validity of the different products, and juxtapose their results (Leiter et al.
2019). To put it simply, if risk indices are used, for instance, for prioritizing funding towards “high-
risk” or “most vulnerable” countries, the resulting funding streams can look very different,
depending on which index one picks.

This study addresses this issue by comparing four of the leading global multi-hazard risk
indices which are not only highly cited in the scientific domain but have been taken up and
used heavily in the media as well as in national and global policy debates, e.g., adaptation
finance: The World Risk Index (WRI) (Welle and Birkmann 2015), the INFORM Global Risk
Index (INFORM) (UN OCHA 2020), the ND-GAIN Country Index (GAIN) (Chen et al.
2015), and the Global Climate Risk Index (CRI) (Eckstein et al. 2019). This research analyses
the design and results in a comparative manner. It evaluates the overall consistency of risk
index information provided by these indices, not only in terms of overall risk but also
regarding the major sub-components of exposure, vulnerability or susceptibility, lack of
short-term coping capacity, and lack of longer-term adaptive capacity, where available in the
different indices (WRI, INFORM, and GAIN). In doing so, the study helps to analyze whether
indices produce similar patterns and results so that global risk hotspots can be robustly
identified. Three research questions guide and structure our analysis:

1. How do the different global risk indices differ conceptually and in terms of their
underlying indicators and construction?

2. How consistent are the results of different global risk indices, and are there differences in
the level of agreement or disagreement when comparing overall risk vs. its sub-
components exposure, vulnerability/susceptibility, and lack of short-term coping as well
as long-term adaptive capacity?

3. How high is the agreement on global risk patterns and do the different indices in
combination allow for the robust identification of hotspot countries and regions?

The paper is structured into six main parts: Section 2 provides a short introduction into global
risk indices and reviews the limited previous work on evaluating and comparing their
approaches and results. Section 3 explains the methods and data used for our analysis.
Section 4 presents our results. The section is structured into three main parts, each responding
one of the four research questions. Section 5 discusses the results and Section 6 provides key
conclusions and an outlook on future research needs.

2 Background: global risk indices and previous work on their evaluation

Over the past two decades, many researchers have been arguing for the academic and practical
usefulness of indicator-based composite vulnerability and risk indices (Birkmann 2007; Cutter
et al. 2003; Fekete 2009; Sherbinin et al. 2017). Approaches have covered local to global
scales (see, e.g., recent reviews of index-based assessments by Beccari 2016, de Sherbinin
et al. 2019, or Hagenlocher et al. 2019). Nevertheless, next to the proponents of such indices,
epistemological and methodological concerns have also been raised (e.g., (Hinkel 2011).
Others have pushed back on such critique, aiming to defend the index approach (de
Sherbinin et al. 2017).
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However, the purpose of this paper is not to review and discuss the strengths and
weaknesses of such indices or indicators overall. Irrespective of the critique, they have become
part of the toolbox in risk research and are increasingly being used in policy making, for
example for legitimizing policy claims or guiding priority-setting (Kreft and McKinnon 2014).
Hence, our paper rather concentrates on assessing how consistent the information on risk
scores and ranks is when comparing the different available global risk indices. The argument is
that with the rising usage of such information in policy making, the lack of such consideration
becomes a growing concern that needs to be addressed.

2.1 Overview of existing global risk assessments and indices

Over the past decades, major efforts have been made to better understand and assess risk and
vulnerability associated with natural and increasingly climate change hazards from local to
global scales (c.f. Adger et al. 2018; Beccari 2016; de Sherbinin et al. 2019; Ford et al. 2018;
Hagenlocher et al. 2019; Rufat et al. 2015; Ward et al. 2020 for comprehensive reviews of the
literature). Many studies focus on risk from specific hazards, for example cyclones
(Mendelsohn et al. 2012; Peduzzi et al. 2012), droughts (Carrão et al. 2016; Meza et al.
2020), floods (Hirabayashi et al. 2013; Ward et al. 2013), landslides (Nadim et al. 2006),
seismic hazards (Silva et al. 2020), tsunamis (Løvholt et al. 2015), or volcanos (Pan et al.
2015). In addition, a rising number of global level multi-hazard risk assessments have been
published (e.g., Dilley et al. 2005; Eckstein et al. 2019; Garschagen et al. 2016b; Peduzzi et al.
2009; UN OCHA 2020; Welle and Birkmann 2015).

While not all of the global assessments mentioned above use indices to represent the multi-
dimensional nature of risk (c.f. Ward et al. 2020 for a recent review of global scale risk
assessments), several of these assessments are aggregating singular indicators into a final risk
index to compare and rank countries. Most indices draw on a modular approach in which they
define and combine different components of risk. In line with the framing first developed in the
Special Report on Managing Extreme Events (SREX) of the Intergovernmental Panel on
Climate Change (IPCC 2012), most indices differentiate between hazards (i.e., potentially
threatening environmental and climatic events and stressors such as floods, storms, or sea level
rise), exposure (i.e., the spatial and/or temporal placement of people, assets, and ecosystems
within the reach of hazards), and vulnerability (i.e., the predisposition or susceptibility of
elements to suffer harm when being exposed to hazards). In addition, many indices include
proxies on the capacity to deal with risk, including the short-term coping and the long-term
adaptive capacity of people, sectors, and systems. While the naming and precise conceptual
taxonomies can vary between different indices, making comparisons challenging (see
Section 4.1), the philosophy and general interpretation of these different building blocks of
risks are mostly accepted and shared by the different assessment approaches.

For our analysis, we focus on four index-based global multi-hazard risk assessments (i.e.,
the WRI, INFORM, GAIN, and CRI) which (i) have been published in recent years, (ii)
provide country rankings, (iii) are frequently updated in order to track changes in risk over
time, and (iv) are widely being used to inform action and policy.

2.2 Existing comparisons and evaluations of risk indices

With a sharp increase in the number of risk assessments addressing climate-related and natural
hazards across spatial scales (local to global), sectors, and systems over the past decades, scholars
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have recently started to ask questions on the validity of these tools. A new body of literature has
begun to compare the underlying concepts and approaches as well as their findings in order to
validate their results (Gall 2007; Preston et al. 2011; Beccari 2016; Ford et al. 2018; Hagenlocher
et al. 2019; de Sherbinin et al. 2019; Ward et al. 2020; see Online Supplementary Material for an
overview of their main findings). At the same time, a growing number of studies has looked into
the effects of vulnerability and risk index construction methods and choices, such as indicator
selection, choice of source data, normalization, weighting, and aggregation, using sensitivity, and/
or uncertainty analysis (Schmidtlein et al. 2008; Tate 2013; Willis and Fitton 2016; Feizizadeh
and Kienberger 2017; Machado and Ratick 2018; Il Choi 2019).

A number of recent studies have specifically compared index-based vulnerability and risk
assessments for specific regions or scales. For sub-national risk indices, key contributions include,
for example, Tate (2012), Rufat et al. (2015), andAnderson et al. (2019). At the global scale, Pelling
(2013) compared the Disaster Risk Index (DRI; Peduzzi et al. (2009), the Natural Disaster Hotspots
global risk analysis Dilley et al. (2005), the Global Risk Analysis (GRA; United Nations 2011), and
theWorld Risk Index (WRI) in terms of their conceptual orientation, methods, and key results at the
risk score level. While Pelling (2013) provides key recommendations for sub-national and local
approaches to assessing vulnerability and risk, no in-depth comparison of the convergence or
divergence of these global risk indices and the implications for policy and action is provided.
Garschagen et al. (2016a) compared six risk indices focusing on Africa and Asia exclusively. Their
results showed that inter-index agreement is stronger at the high-end of the risk spectrum when
compared to the average risk spectrum. Leiter et al. (2017) compared the top 20 country risk
rankings of the WRI, INFORM, ND-GAIN, and CRI. They find rather strong disagreement in the
rankings. Feldmeyer et al. (in this issue) also compare the vulnerability components of two risk
indices (WRI and INFORM) but do so at the resolution of climate regions used within global
circulationmodels. This approach is relevant for some contexts in that it allows a direct integration of
climate and vulnerability data at the level of aggregation used within climate models. However, we
argue that it is of limited relevance not only for the social and political sciences but also for potential
usage in climate policy, e.g., the prioritization of climate finance at the country level (Garschagen
and Doshi, under review).

In sum, we argue that our country-level approach adds very relevant information to the
existing body of literature. Also, the differentiation into the different risk sub-components adds
to this knowledge and is highly relevant, as climate policy now oftentimes talks about
prioritizing adaptation resources toward the most vulnerable countries, calling for robust
knowledge. At the same time, providing detailed and statistically robust assessments over
the entire set of countries globally, not just the 20 highest risk countries as in Leiter et al.
(2017), is of increasing relevance, we argue, e.g., as one piece of information contributing to
the upcoming Global Stocktake under the Paris Agreement but also global adaptation and risk
reduction tracking more generally.

3 Methods and data

3.1 Comparison of index components, indicators, and design

As laid out in Section 2.1, our analysis uses data from four of the leading global multi-hazard risk
indices:WRI, INFORM,GAIN, and CRI.We analyzed similarities and differences between these
four global risk indices on two levels: First, the conceptual design including the modular structure
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of sub-components and, second, the underlying indicators. Figure 1 shows the modular structure
of each index and its sub-components and which of these components were compared in the
correlation analysis across indices (see Section 3.2). In order to understand indicator overlaps and
since some of the indicators measure the same effects but rely on different data sources, we binned
conceptually similar indicators (out of the 113 total indicators across the indices) into 104 items.

INFORM Global Risk
Index

Climate Risk Index 
(CRI)

ND-GAIN 
Index

World Risk Index 
(WRI)

C o n c e p t u a l d e s i g n  &  c o m p o n e n t s

I n d i c a t o r s a n d d a t a

2019 edition
2018 data

2020 edition
2019 data

2017 edition
2017 data

2020 edition
1999-2018 data

171 countries 191 countries 175 countries 181 countries

27 indicators 54 indicators 45 indicators 2 indicators

Risk = Exposure * Vulnerability Risk = Exposure * Vulnerability
* (1 – Coping Capacity)

ND-GAIN = (Readiness –
Vulnerability + 1) * 50

Risk = fatalities + economic
losses

Vulnerability = Susceptibility + 
(1 – Coping Capacity) + 
(1 – Adaptive Capacity)

Vulnerability = Exposure * 
Sensitivity * 

(1 – Adaptive Capacity)

I n d e x  c o n s t r u c t i o n w o r k f l o w

Outlier
treatment

Multicollinearity
treatment

Normalization
approach

Weighting of
indicators

Aggregation
method

Missing data
treatment

Yes (based on similar sources f or a 
period of up to 10 y ears)

Yes (based on similar sources f or a 
period of up to 5 y ears) Yes (linear interpolation) n/a

No inf ormation made av ailable by  
index dev elopers

Yes, in an iterativ e process based 
on skewness and kurtosis

Cuts of f  10 or 90 percentile of  
heav ily  skewed indicators n/a

Correlation analy sis Correlation analy sis n/a n/a

Linear max normalization Linear min-max [0-1] applied to all 
indicators

Linear min-max [0-1] applied to all 
indicators (while using thresholds) Ranking

Equal weights Equal weights Equal weights Dif f erent weights

Av eraging of  v ulnerability  
indicators; multiplicativ e 

aggregation of  exposure & 
v ulnerability

Mix of  arithmetic and geometric 
av erage of  indicator scores Arithmetic mean Av erage weighted ranks

RISK RISK RISK RISK

Exposure Exposure

Vulnerability

Suceptibility

Vulnerability

Susceptibility Susceptibility

Lack of coping capacity Lack of coping capacity Lack of coping capacity

Lack of adaptive capacity Lack of adaptive capacity

C o m p o n e n t s  c o m p a r e d *  

Exposure

Validation 
approach

Sensitiv ity  analy sis Sensitiv ity  analy sis n/a n/a

Labelled as “adaptive capacity“ Labelled as “adaptive capacity“

Labelled as “sensitivity“

Labelled as “readiness“

Vulnerability

Labelled as “vulnerability“

Labelled as “coping capacity“

* Some risk components were labelled differently in the original risk index methodology (e.g. what we call susceptibility was labelled as senstitivity in the ND-GAIN 
index). These deviations are explained in the light blue boxes. 

Labelled as “natural hazard exp.“

Fig. 1 Comparisons between four major global multi-hazard risk indices and their modules as well as their
indicators, underlying data and method of index construction, including treatment of missing data, outliers and
multicollinearity, the approach for normalization, indicator weighting, aggregation, and validation. The risk
scores of WRI, INFORM, and GAIN consist of several sub-components next to the overall risk scores which
align conceptually and were used for the later correlation analysis, namely exposure (EXP), vulnerability (VUL),
susceptibility (SUSC), lack of coping capacity (LCC), and lack of adaptive capacity (LAC)
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This was solely done for the conceptual comparison only, but not taken up in the following
statistical analysis. For example, we combined theWorld Health Organization’s indicator “People
using at least basic drinking water services” with the World Bank indicator “Access to reliable
drinking water” into the new indicator “Access to drinking water”.

3.2 Correlation analysis of index results

In order to allow for a comparison between the results of the indices, which all have slightly
different metrics and numbers of countries covered (Fig. 1), we first normalized the ranked
country scores for risk and its sub-components on a scale from 0 to 1 using linear min-max
normalization. In the next step, we conducted pairwise correlation analysis between the
normalized ranks for all risk indices and their sub-components (Fig. 1). Exposure compares
WRI’s exposure with the GAIN’s exposure (sub-component of vulnerability) and INFORM’s
natural hazard exposure, but ignores INFORM’s other exposure sub-component called human
hazard, as it does not fit conceptually (see Section 4.1). Further, we compare the vulnerability
of WRI, INFORM, and GAIN. As the vulnerability of INFORM can conceptually rather be
seen as susceptibility, it is also used to compare it with WRI’s susceptibility and GAIN’s
sensitivity which is a sub-component of vulnerability and is conceptually quite similar to
WRI’s susceptibility (see Section 4.1). Regarding the lack of coping capacity, we compare
GAIN’s readiness with WRI’s and INFORM’s lack of coping capacity. Lastly, lack of
adaptive capacity is only available in WRI and GAIN (sub-component of vulnerability), thus
only two of the four global indices are compared (see Fig. 1). Spearman’s rank correlation
coefficient was used for the analysis since we used ranked values and not all the underlying
data was normally distributed.

3.3 Analysis of ranges and means across country groups

An important question to further understand in the analysis was whether, and to what
extent, a country’s score and eventually rank differs between different indices. We
therefore analyzed the range of normalized country scores between different indices
and their sub-components (see Section 4.3). Countries for which only one index score
is available were excluded from the analysis. Furthermore, another question for the paper
was how consistent the index results are when looking into specific country groups of
particular relevance for climate and disaster risk policy decisions, such as least developed
countries (LDCs), small island developing states (SIDS) (ITU 2017), landlocked devel-
oping countries (LLDCs), continental groups, income groups (UN DESA 2019), and the
co-called Vulnerable 20 (V20) (V20 2018). We therefore assessed the range and mean
values of risk and its sub-components in each of these country groups, using boxplots for
graphical illustration (see Supplementary Material for results).

4 Results

4.1 Consistency in terms of index components, indicators, and design

Out of the four globally leading risk indices analyzed, three share a large overlap in terms of
their conceptual understanding of risk and its elements (WRI, INFORM, GAIN), while the
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CRI is quite different from that (see Fig. 1). WRI, INFORM, and GAIN all provide modular
sub-components of risk, more or less closely in line with the standard risk framing developed
over the past two decades within disaster risk and climate change adaptation research (IPCC
2012). That is, all three provide separate sub-indices for (1) the amount of exposed population,
(2) a country’s level of vulnerability or susceptibility, and (3) a country’s level of coping and
adaptive capacity, in terms of the readiness to deal with acute disaster situations (i.e., coping
capacity) and/or the long-term adaptive capacity. CRI does not follow such a modular
approach and only provides aggregate risk scores. In addition, it is quite different in that it
does not aim to assess hypothetical risk in the future but draws exclusively on data of past
impacts (see Table 1 of the Supplementary Material for additional information). It uses past
fatalities and economic losses to represent risk and hence is very different from the future-
oriented, probabilistic, and hypothetical assessments of the other indices. Nevertheless, the
CRI is considered in the subsequent comparison of risk aggregate results (though not the sub-
components). This is because the CRI is so heavily being taken-up in the political space,
media, and public discourse and mostly used there as a general measure of country-level
climate risk. Hence, analyzing how its risk-level results compare to those of the other three
indices is of great interest and relevance, despite the fact that CRI conceptually and method-
ologically differs quite heavily from the other three approaches. WRI and INFORM are the
most similar indices conceptually. GAIN also uses risk sub-components but composes them in
a quite different manner. Still, as it uses core concepts of climate and disaster risk debates
(exposure, vulnerability, susceptibility), including GAIN into the further comparison with
WRI and INFORM is of high relevance, we argue.

In terms of indicator overlap, a mixed picture emerges (see the Euler diagrams in the
Figure SM2 of the Supplementary Material). Overall, INFORM and WRI show the largest
pairwise overlaps, followed WRI and GAIN and then INFORM and GAIN. The two only
indicators used by CRI are not shared by any other index. The WRI shares two-thirds of its
indicators and has the greatest overlap to INFORM, whereas GAIN has 73% unique indicators.
The large relative overlap of WRI indicators needs to be interpreted against the comparatively
small number of indicators used (n = 27) compared to INFORM (n = 54) and GAIN (n =
45). In terms of overlaps in different risk components, the largest overlaps can be observed in
the domains of exposure (6 indicators overlapping pairwise out of 28 used in total across WRI,
INFORM, and GAIN) and vulnerability (11 pairwise overlaps out of 66 indicators used in
total). The exposure indicators of WRI are highly overlapping with the natural hazard exposure
of INFORM, as both use earthquakes, floods, cyclones, and droughts as hazards and the
population as the exposed element. The overlap could be even higher, but the epidemics
indicator in INFORM consists of ten sub-indicators, thus leading to a higher divergence to
WRI. In contrast, GAIN uses the projected impacts of climate change as indicators and has
little in common with the other indices. The WRI has a high overlap in the vulnerability and
susceptibility sub-components as well, while there is little to no overlap between INFORM and
GAIN. The overlaps in lack of coping capacity and lack of adaptive capacity are much smaller
(3 out of 26 and 1 out of 19, respectively). Each risk index shares one indicator with each other
regarding the lack of coping capacity (medical staff, ICT infrastructure, and the corruption
index) and the lack of adaptive capacity (protected biomes habitats). Not surprisingly, the
overlap in risk aggregates is highest due to the fact that risk is the aggregate of previous
mentioned components.

Next to their modular design and indicator choice, the indices also differ in terms of their
approach to index construction, including the weighting, aggregation, and validation of
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indicators and the normalization of data as well the treatment of missing data, outliers, and
multicolinearity (see Fig. 1), all of which have potentially large influence on the overall index
results.

4.2 Correlations between risk indices and their different components

Comparing the results of the different indices for consistency, pairwise correlations can be
observed, but the strength of correlation greatly varies between different indices and sub-
components. In terms of overall risk aggregates, significant pairwise correlations can be
observed between the WRI, INFORM, and GAIN indices, with the strongest correlation
between GAIN and INFORM. The CRI is not significantly correlated with any of the other
three risk indices (Table 1).

In terms of the exposure sub-components, the results show with high significance that no
considerable pairwise correlation exists between the WRI, INFORM, and GAIN. For the
vulnerability and susceptibility components, pairwise correlations are much higher, instead:
they reach a coefficient of + 0.9 between GAIN and WRI. Also, the vulnerability results of
INFORM and WRI are strongly positively correlated (+ 0.82). The correlation between GAIN
and INFORM is a bit weaker (+ 0.7) but still strong in comparison to exposure. Even stronger
positive correlations can be observed in the capacity components, i.e., the lack of short-term
coping capacity (LCC) and longer-term adaptive capacity (LAC). In terms of LCC, all three
indices show a very strong, statistically significant, positive correlation coefficient of + 0.92.

Table 1 Correlation coefficients between the different global risk indices overall and in their different compo-
nents on exposure, vulnerability, susceptibility, lack of coping capacity or readiness and lack of adaptive
capacity, grouped by sub-components. The significance levels are indicated by the asterisks: ** correlation is
significant at the 0.01 level (2-tailed) and * correlation is significant at the 0.05 level (2-tailed). The green color
shading indicates the strength of correlation with a grouping into moderate (> 0.5), medium-strong (> 0.7),
strong (> 0.8), and very strong (> 0.9) correlations.
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GAIN - Vulnerability .66** .71** .92** 0,01 .31** .25** .64** .90** .70**

WRI - Susceptibility .65** .81** .91** 0,07 .28** .27** .52** .96** .80** .87**

INFORM - Susceptibility .54** .91** .80** 0,09 .22** .37** .47** .82** 1.00** .70** .80**

GAIN - Susceptibility .43** .49** .68** -0,06 .17* 0,12 .25** .64** .49** .76** .61** .49**

WRI - Lack of Coping Capacity .65** .89** .94** 0,04 .26** .37** .47** .95** .82** .84** .87** .82** .60**

INFORM - Lack of Coping Capacity .59** .85** .94** -0,04 .21** .29** .44** .95** .79** .85** .92** .79** .60** .92**

GAIN - Lack of Coping Capacity .60** .85** .96** 0,00 .23** .33** .41** .91** .77** .78** .85** .77** .57** .92** .92**

WRI - Lack of Adaptive Capacity .68** .82** .95** -0,01 .29** .27** .52** .98** .80** .90** .93** .80** .64** .91** .92** .89**

GAIN - Lack of Adaptive Capacity .64** .74** .90** 0,02 .25** .20** .48** .92** .72** .91** .89** .72** .60** .86** .89** .80** .91**
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A similar coefficient can be observed in terms of the long-term adaptive capacity, even though
only two indices (WRI and GAIN) provide such information.

In sum, the strongest correlations can be observed in the capacity sub-components,
followed by the vulnerability and susceptibility components and the overall risk scores. The
exposure component is least strongly correlated. A possible explanation of these findings is
provided in the discussion (Section 5). Further, the correlations between the WRI and the
INFORM as well as between the WRI and GAIN are the strongest when comparing the entire
package of different index sub-components. The overall correlations between INFORM and
GAIN are slightly weaker. The CRI does not show significant correlations with the other
indices overall (see Table SM3 of the Supplementary Material).

4.3 Agreement and disagreement on global risk patterns and regional hotspots

On top of the correlation analysis, a key questionwaswhether the consistency of index results differs
along world regions and a spectrum of countries with high to low risk. This question is of particular
relevance for robust identification of hotspots of risk, exposure, vulnerability, and lack of capacity,
i.e., the question whether different indices are in high agreement on their ranking particularly of
countries with the highest risk. In order to answer this question, a detailed look into cross-index
means and ranges is necessary. Figure 2, in combinationwith Figures SM3, SM4, SM5, and SM6 in
in the Supplementary Material, shows that a quite mixed picture emerges.

On the global scale, clear regional clusters with highest and lowest mean vulnerability and
lack of capacity can be observed across the indices. The highest mean vulnerability and
susceptibility occurs in sub-Saharan Africa, South Asia, and parts of Southeast Asia (Fig. 2,
panels e and g). A very similar pattern can be observed in terms of the lack of adaptive
capacity (Fig. 2k) and, to less clear extent, the lack of coping capacity (Fig. 2i). Interestingly,
the right-hand side of Fig. 2 very clearly shows that the identified clusters of highest mean
vulnerability and lack of adaptive capacity are also amongst the regions with the lowest inter-
index range, meaning with the highest agreement across different indices. In other words,
identifying countries with highest vulnerability and lack of adaptive capacity seems to be
possible in a quite robust fashion when considering different indices.

Identifying clear regional clusters of countries with highest exposure is much more difficult
according to the considered indices and their national level assessments. Here, the clearest
regional pattern can be observed in Southeast Asia, however, with considerable differences
between neighboring countries (Fig. 2c) and a quite high range (i.e., limited agreement)
between the different indices, e.g., in Laos, Cambodia, and Myanmar (Fig. 2d). South Asia,
East Asia, Australasia, Central America, and the western parts of South America also show
high mean exposure, but with mixed agreement across the different indices. Sub-Saharan
Africa does not emerge as a very clear cluster. Despite the less distinct regional clusters, some
countries clearly combine a high mean exposure with a low range across the different indices,
i.e., a high agreement across different indices, e.g., Bangladesh, Indonesia, and Ecuador.

Interestingly, no clear picture emerges in terms of overall risk metrics. Here, some global regions
with high mean risk emerge (sub-Saharan Africa, Central and South Asia, parts of Southeast Asia)
(Fig. 2a) yet with quite high ranges—in other words low agreement—across the four different
indices (Fig. 2b). The most consistent picture here seems to emerge for some countries on the lower
end of the risk spectrum, e.g., those in Scandinavia but also Kazakhstan or Belarus.

These findings are confirmed by additional analysis (presented in detail in the Supplementary
Material), which shows that the inter-index ranges are widest for overall risk and exposure (ranging
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all theway from0 to almost 1), while they aremuch smaller for vulnerability and susceptibility (with
the majority of countries having inter-index ranges smaller than 0.4) and are smallest for lack of
coping and adaptive capacity (most of the countries stay below 0.2) (Figure SM3).

Fig. 2 Mean values of risk and its sub-components across the different indices (left side) and ranges (right side)
based on countries’ normalized scores. Low values indicate low means or small ranges (i.e., high agreement
across indices), while high values represent high means and ranges (i.e., low agreement across indices),
respectively. Countries with missing data in one of the four global risk indices were excluded from this analysis
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In addition, we also conducted a statistical analysis on whether the ranges of results across
different indices vary along particular country groups, i.e., different world regions, income
levels, development status according to UN classification and V20 membership. The detailed
findings of this analysis are provided in the Supplementary Material (Figure SM5). Overall,
the ranges of inter-index results are not significantly different in any of the groups. In other
words, the disagreement or agreement between the different indices and its sub-indices is not
significantly higher or lower in any particular country group when dividing countries by the
above-indicated markers.

In addition, when zooming into the inter-index ranges, i.e., the level of agreement/
disagreement between different indices, a number of patterns can be observed in terms of
the actual ranks of countries (see Figure SM4 in the Supplementary Material for a detailed
depiction). In terms of overall risk, there is a cluster of countries with a high ranking in
WRI, GAIN, and INFORM but a much lower raking in CRI, e.g., the Central Republic of
Africa. In return, there are countries which are ranked with low risk in all indices but the
CRI, e.g., Germany. Similar divergence can also be observed in terms of exposure
between WRI, GAIN, and INFORM, while the analysis confirms the overall high consis-
tency in terms of the other risk sub-components.

5 Discussion

5.1 Integrated interpretation of the different steps of analysis

Triangulating between the results from the three different steps of analysis (Section 4)
allows to discuss and better explain the observed patterns overall. In particular, a
looming question is to what extent the correlations shown in Section 4.2 as well as
the ranges in Section 4.3 can be explained by the differences and similarities in terms
of underlying concepts and data, as analyzed in Section 4.1. The low correlation of
“risk indices” (WRI, GAIN, INFORM) on the one hand with the Climate Risk Index
(CRI), which also claims to assess climate “risk,” might be surprising at first. All these
indices claim to provide a valid representation of risk and a comparative overview of
different countries’ risk levels. However, the variation can be explained to a large
extent by the very different conceptual design and data base of the CRI when compared
to the other three indices (WRI, INFORM, GAIN). Still, the fact that CRI produces
starkly different results from WRI, INFORM, and GAIN, which are much more
aligned, is troubling as all four indices often seem to be used interchangeably in
academia, policy, media, and the general public. In addition, there is even a high
divergence in the risk results of WRI, INFORM, and GAIN when considering the
entire spectrum for low to high risk.

When zooming into the sub-components of the three indices, which are in principle more
similar conceptually (WRI, INFORM, GAIN), the weak correlations in exposure might
surprise at first. One would expect that the assessment and indicator-based expression of
exposure is quite straight-forward and hence yields similar results. However, triangulating this
finding with the little overlap in terms of underlying exposure information (see Fig. 1 and the
extensive table of indicators provided in the Supplementary Material), it becomes clear why no
stronger correlations are being observed. Still, the finding presents some challenges for the use
of exposure data in policy making and other contexts. Whether a country is considered to have
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high or low exposure varies greatly, depending which index is being picked. Hence, the use of
exposure index information, and therefore eventually risk index data, requires high familiarity
with and technical expertise in the underlying data and indicator framework. It is questionable
whether all actors potentially using this information will have such expertise and familiarity. In
addition, the disagreement in exposure measures contributes significantly to the comparatively
high disagreement that can be observed in the overall risk values.

Interestingly, the results between the different indices increasingly converge when
moving on to the vulnerability and susceptibility sub-components and especially to lack
of coping and adaptive capacity. Strong or very strong inter-index correlation can be
observed for vulnerability, lack of coping capacity and lack of adaptive capacity in
particular. Likewise, the inter-index ranges for these sub-components are much smaller
than for risk and exposure. This strong conversion cannot exclusively be explained by
the overlap in underlying indicators since the overlap is, on first sight, not much
stronger than for risk or exposure. In fact, it is weaker. However, the underlying
indicators in the different indices (such as income, poverty, food or health data) are
correlated amongst each other. In any case, the comparatively strong conversion in the
socio-economic vulnerability and capacity domains is a key finding for policy making
which often targets the “most vulnerable.” It suggests that the results in these domains
are in fact more consistent than in the hazard and exposure domains.

5.2 Our findings in the light of previous studies

In contrast to the increasing amount of studies that have provided an in-depth analysis of the
robustness of vulnerability and risk indices toward changes in underlying concepts (e.g.,
Anderson et al. 2019) and methodological choices for index construction (e.g., Schmidtlein
et al. 2008; Tate 2013; Willis and Fitton 2016; Feizizadeh and Kienberger 2017; Machado and
Ratick 2018), we compare the results of four leading global risk indices assuming that policy
and decision makers who are using these indices likely focus on the results of these indices and
often might not care too much about the methodological consistency. Although the analysis
presented here goes beyond existing attempts to compare global risk indices (e.g., Feldmeyer
et al., in this issue; Leiter et al. 2017) by considering either more indices or diving deeper into
the different sub-components of risk, we also identify a number of similar findings. First, our
study also confirms that there are stark conceptual differences in how risk is defined and
ultimately operationalized in the assessments through indicators in each of the four global risk
indices considered here—with implications on the consistency of their results—as postulated
by Leiter et al. (2017). Second, our analysis also reveals a strong correlation in the vulnera-
bility sub-components at the country level—confirming the results of Feldmeyer et al. (in this
issue) who compared vulnerability aggregated into climate regions. However, by diving
deeper into the sub-components of vulnerability (i.e., susceptibility, lack of coping and
adaptive capacity), we were able to identify even stronger correlations in some of these sub-
components for the WRI, INFORM, and GAIN.

At the same time, the analysis presented here also leads us to carefully balance some of the
statements put forward by Leiter et al. (2017) on the use of such indices for international
climate policy. Based on the comparison of the top 20 ranked countries alone, Leiter et al.
(2017) conclude that these indices “cannot be used to reliably determine the most vulnerable
countries” (Leiter et al. 2017, p. 2). In contrast to that, our analysis actually reveals a quite
strong correlation for the vulnerability and lack of capacities sub-components of risk, and
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enabled us to identify a small number of countries that actually emerge in several of the four
indices as “high-risk,” “high-vulnerability,” or “high lack of capacities” countries (Fig. 2 and
Fig. SM6 in the Supplementary Material).

5.3 Remaining question marks

Although our approach adds knowledge on global risk index data, some key questions remain
open. We reflected above on how to explain the difference between CRI results and those of
WRI, INFORM, and GAIN. Yet, on a different level, it is still interesting to observe that
impact data on past events, as used in the CRI (here: mortality and economic losses), are so
little correlated to the overall risk levels assumed by the other three risk indices. A possible
explanation is the comparatively short time-frame of data used in the CRI, which captures
disasters and extreme events and might therefore generate different patterns than assessments
focusing on the underlying bio-geophysical hazard potential and overall vulnerability condi-
tions of countries more generally. Still, observing the correlations, or non-correlations, be-
tween both in the future will be of high relevance as extreme events are expected to rise in
frequency and intensity along with climate change (IPCC 2018). In addition, the merger of
fatalities and economic losses into one risk score might be problematic in this context. It is well
known empirically that poorer and less developed countries are more likely to suffer fatalities
in disasters, while rich countries can expect more economic losses (CRED and UNDRR,
2020). Further, as highlighted by the Emergency Events Database (EM-DAT) which publishes
data on disaster impacts in their most recent annual report (UCLouvain et al. 2019) and the
scientific literature (Osuteye et al. 2017; Panwar and Sen 2020), it has to be noted that, despite
major improvements in making event and impact data available in a standardized manner,
there are still prevalent issues with underreporting of impacts for specific hazard types (e.g.,
heat waves) and in developing countries. Lumping impact data on mortality and economic
losses into an overall risk score hence produces data which might be little telling when
comparing very different country groups, and might hence generate little correlation overall
with other risk assessments.

5.4 Reflections on our approach

The approach chosen here brings many advantages, e.g., in regard to the transparency and
simplicity of the individual analysis steps and the fact that it is based on nation-state resolution
(a level of key concern in international climate finance and policy). It hence allows for county-
by-country comparisons. However, our approach also comes with a number of limitations,
calling for further research. First, while we analyzed the similarities and differences of different
indices in terms of their modular design and underlying indicators, we did not dive deep into
assessing the role of indicator choice and different normalization, weighting, and aggregation
options and the implications those can have for index results and overall cross-index consis-
tency. Previous work on comparing sub-national risk indices in delta regions suggests that the
choice of aggregation method has a considerable effect on overall results (Anderson et al.
2019). This finding is also shared by further previous studies that used sensitivity analysis to
evaluate the robustness of index scores toward changes in construction steps (e.g., Tate 2013;
Tate 2012). In the case of the WRI, INFORM, and GAIN, a quite similar aggregation and
weighting approach has been applied. Still, given the high relevance of understanding the
consistency of the four risk indices considered here toward changes in the input parameters and
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index construction steps, a detailed analysis in the future would be worthwhile, we argue, in
order to characterize the effect of different approaches more precisely. Second, given that the
indices compared here were developed based on data from different years, this might also
distort the findings of the comparison a bit. However, given that key social and economic
factors (e.g., poverty or education levels) usually do not change tremendously over short time
periods, we consider this to be negligible.

6 Conclusions and outlook

This analysis was motivated by the observation that the recent rise in the number and use of
index-based approaches to assess countries’ climate and disaster risk at the global scale is met
with a lack of clarity on the consistency of assessment results across different indices. This
gap, we argue, is troubling not only from an intellectual, but also from a practical and policy
point of view. Risk information, as provided by global scale risk indices, is increasingly being
used to inform international climate policy and finance decisions. It has the potential to unfold
quite significant agency, e.g., when funding decisions aimed to target the “most vulnerable” or
“most at risk” countries are based on the findings from such indices.

We, therefore, asked how the leading global climate and disaster risk indices differ
in terms of their design and data, how their results differ, and whether their results, in
combination, allow for the identification and ranking of global hotspots in climate and
disaster risk, exposure, vulnerability, and lack of coping as well as adaptive capacity.
Our results reveal a mixed picture. Out of the four leading global multi-hazard risk
indices which were analyzed and compared, i.e., the World Risk Index (WRI), the
INFORM Risk Index, the ND-GAIN Index, and the Climate Risk Index (CRI), three
(i.e., WRI, INFORM, GAIN) are built more or less closely around the current
mainstream conceptual thinking which in risk and climate research. They all use
sub-components on hazard, exposure, socio-economic vulnerability, and the (lack of)
short-term as well as long-term capacity to cope with and adapt to hazards. They also
have a rather similar approach to utilizing data. This sets them apart from the fourth
index considered, the CRI, which is centered around a simpler outcome-oriented
assessment of past hazard impacts. Not surprisingly, therefore, the former three
indices show comparatively strong correlations between each other, but not with the
CRI. Surprisingly, the correlations in the sub-components related to social, economic
and institutional parameters (i.e., vulnerability and capacity issues) are much higher
than those for the hazard exposure and overall risk components. This means that
global vulnerability and lack of capacity hotspots can be identified and ranked much
more consistently than hotspots of overall risk or hazard exposure.

Our analysis does not intend to resolve the general chasm in the literature regarding the perceived
usefulness of index-based approaches to assess risk and vulnerability (Section 2), nor would it
provide all the necessary knowledge or arguments to do so. In fact, our findings speak to the
potential as well as limitations of index approaches. Yet, we observe that such tools are increasingly
being used outside of the academic debate. We therefore hope that our findings can make a
contribution to fostering a careful reflection and use of available index-based approaches at the
global scale. If our analysis only shows one thing, it is that a solid understanding of modular index-
based assessment tools, and their conceptual and methodological underpinnings, is necessary to
navigate them properly and interpret as well as use their results in triangulation.
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