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Abstract: Preventing and reducing loss and damage due to extreme events is
an important topic for the international community, especially in the context of
climate change negotiations and disaster risk reduction. The paper outlines the
latest state-of-the-art approaches to assess loss and damage and the risk of loss
and damage. Against this background, a more in-depth analysis is provided on
how to assess the risk of loss and damage in different country groups (i.e.,
World Bank income groups) focusing on selected slow- and sudden-onset
climate-related hazards using the concept of the WorldRiskindex. The results
underscore that the risks of loss and damage for low- and high-income
countries are significantly different, but also that global risk patterns differ
significantly regarding sudden-onset versus slow-onset hazards. In the first step
of analysis, the results show that not only does exposure to extreme events
influence the risk of loss and damage, but equally important are the
vulnerability and adaptive capacities of societies. The second step of analysis
shows that target-oriented adaptive strategies to the various impacts of
climate-related hazards are crucial in reducing the respective risk of loss and
damage.
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1 Introduction

Discourse regarding loss and damage due to extreme events is not new; however, it has
gained particular attention in the context of the ongoing climate change adaptation (CCA)
negotiations, especially at the Cancun Climate Change Conference of Parties (COP16) in
2010. In this regard, a work program on loss and damage associated with the impact of
climate change on developing countries was established, and in the coming years new
mechanisms and institutional arrangements for addressing loss and damage in the context
of climate change are being developed in order to more systematically address loss and
damage due to climate change (UNFCCC, 2011b). The issue of loss and damage is dealt
with in climate change negotiations under three thematic areas:

1 assessing the risk of loss and damage associated with the adverse effects of climate
change and current knowledge

2 developing a range of approaches to address loss and damage associated with the
adverse effects of climate change, including any impact related to extreme weather
and slow-onset events

3 the role of the United Nations Framework Convention on Climate Change
(UNFCCC) in enhancing the implementation of approaches to address loss and
damage associated with the adverse effects of climate change (UNFCCC, 2011a).

Against this background the paper is focusing especially on the assessment of the risk of
loss and damage associated with climate-related hazards (thematic area 1). Additionally,
this approach offers the opportunity to assess the risk of loss and damage based on the
diverse impact of climate change such as slow- and sudden-onset climate-related hazards
(thematic area 2). Based on the results of our own research, this paper emphasises the
need to consider target-oriented adaptive strategies related to slow- and sudden-onset
climate-related hazards, taking into account the range of developmental stages of
countries represented by the income groups classified according to the World Bank. In
the first step, an overview of different perspectives is provided, which focuses on
different measurement approaches for loss and damage. In the second step, a concrete
assessment approach is presented — the WorldRiskIndex — which underscores the need to
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move from a retrospective, reactive and narrow approach to addressing loss and damage
to a broader understanding of the multiple facets that determine the ‘risk’ of loss and
damage. In order to move from a purely conceptual discussion to challenges related to
assessing and ranking countries most at risk of suffering loss and damage due to climate
change, a modified version of the concept of the WorldRiskIndex will be presented and
applied in more detail.

Hence, the index used herein is based on the concept of the WorldRiskindex
(Birkmann et al., 2011; Welle et al., 2013), which accounts for the physical exposure to
climate-related or climate-influenced hazards such as storms, floods, rising sea levels and
droughts; however, it also stresses the fundamental importance of vulnerability by
assessing the susceptibility, coping capacity and adaptive capacity of countries and
societies exposed to these hazards. The results of the WorldRiskindex are further
differentiated according to the development status of countries based on the World
Bank’s income classification groups. This analysis reveals among other issues that
important differences can be found between countries and income groups, but also within
countries in specific income groups and their risk profiles due to climate-related
slow-onset hazards such as sea-level rise and sudden-onset hazards such as floods.

The differentiation between the exposure to climatic stressors on the one hand and the
vulnerability of societies on the other clearly emphasises that approaches for addressing
loss and damage need to reduce exposure, but even more importantly need to reduce
societal vulnerabilities. Based on the findings of the country rankings and global risk
profiles, we conclude that addressing the risk of loss and damage requires more precise
risk reduction and adaptation policies that take into account the different levels of
exposure and vulnerability as well as the varying global risk patterns in terms of slow-
onset and sudden-onset hazards. Finally, the index also raises questions about the
appropriateness of national adaptation and risk reduction strategies in countries where
vulnerability patterns are also severely influenced by failures in governance.

2 Different understandings of assessing (the risk of) loss and damage

A review of existing approaches to assess the risk of losses and damages due to hazards
related to climate change is a challenge in itself, since the definition of what encompasses
loss and damage as well as how these characteristics can be assessed is already
controversial.® Hence, a comprehensive climate ‘loss and damage’ assessment
methodology has not yet been developed. Interestingly, it is still an open question as to
whether climate change negotiations and the related work program on ‘loss and damage’
actually focus on ‘loss and damage’ or on the ‘risk of loss and damage’, which carry
different perspectives in terms of assessments and priorities. While the assessment of
‘loss and damage’ focuses on the experienced loss (with a post-disaster or crisis focus),
the ‘risk of loss and damage’ refers to an assessment of the potentiality and likelihood
that certain people, communities or nations will face major loss and damage (pre-disaster
perspective).

When examining current international discourse, we can differentiate at least two
major schools of thought: the disaster risk reduction (DRR) community and the school of
CCA. Although these schools and research communities have thus far developed
primarily in parallel, the Intergovernmental Panel on Climate Change (IPCC, 2012)
special report, Managing the Risks of Extreme Events and Disasters to Advance Climate
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Change Adaptation (SREX), is a good example of the newly established cooperation and
joint work between both communities. Within the DRR and CCA communities, various
frameworks and conceptualisations on how to assess risk and vulnerability were
developed, including quantitative and qualitative assessment methodologies (see, e.g.
Wisner et al., 2004; Birkmann, 2013; International Federation of the Red Cross and Red
Crescent Societies, 2008; IPCC, 2012). While risk is seen as the product of the
interaction between an extreme event or hazard and the vulnerability of a society or
community, the term vulnerability is understood as a predisposition to be affected (see,
e.g., IPCC, 2012) or as an internal risk factor (see Birkmann, 2013). In this regard, the
hazard or the physical event linked to climate change is seen as an external factor to the
society or system exposed. In the early 1990s, Burton et al. stressed that disaster loss and
damage is caused by the interrelation between hazardous events and the characteristics of
the exposed elements that are susceptible to damage (see Burton et al., 1993). The new
framework presented in the SREX report (IPCC, 2012) and also the latest assessment
report of the IPCC working group Il (IPCC, 2014) underscores that (disaster) risk is
determined by the interaction between extreme weather events which are influenced
by anthropogenic climate change and climate variability on the one hand and the
vulnerability and exposure of societies influenced by socio-economic development
processes on the other (see Figure 1). The report also emphasises that a risk perspective is
essential in order to be able to effectively address the potential negative consequences of
extreme events due to climate change (see IPCC, 2012). Consequently, this paper argues
that addressing the risk of loss and damage in the context of climate change requires an
improved understanding of the social construction of vulnerability and exposure as well
as the potential changes and magnitude of climate-related hazards.

Figure 1 Systematisation of climate change related events, vulnerability, exposure, risk and
development (see online version for colours)
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Some readers could argue that the assessment of the risk of loss and damage is
significantly different from approaches that aim to assess loss and damage due to climate
change. Even though this is the case and most documents in the UNFCCC work program
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on loss and damage refer primarily to the goal to reduce loss and damage, this paper
argues that adaptive strategies in the context of loss and damage reduction must deal with
risks rather than past impact (that is, experienced loss and damage). This is also
supported by the various findings documented in the fifth IPCC assessment report (see
IPCC, 2014).

Furthermore, the Economic Commission for Latin America and the Caribbean
(ECLAC) (2003) emphasises that loss and damage assessment is a part of risk assessment
and its goal is to measure (mostly in monetary terms) the impact of disasters on society,
the economy and the environment of the affected country or region. In addition, Handmer
et al. (2005) describe loss and damage assessment as an analysis of losses from past
events or the estimation of future losses and damages focusing on the quantification of
direct and indirect impacts. However, this paper argues that, beyond this economic
dimension, there is a wider range of less measurable impacts including those related to
social vulnerability and resilience, which are difficult to monetise.

The Fukushima crises after the Tohoku earthquake and the subsequent tsunami in
Japan provide an example of how loss and damage not only brought about monetary
losses, but also resulted in the loss of trust in institutions particularly as this related to the
capacity of the government and the private sector (in particular, the company TEPCO) to
manage such crises effectively (Reb et al., 2012). Even where the monetisation of such
impacts is possible, a large degree of uncertainty remains.

Interestingly, the Australian Emergency Management Agency’s (EMA) guidelines on
assessing disaster-related loss allow for the differentiation of direct and indirect losses as
well as distinguishing between tangible and intangible items (EMA, 2002). An improved
consideration of intangible items and indirect losses is also a major challenge for CCA
strategies in the context of extreme events. Figure 2 presents an overview of selected
approaches to assess loss and damage and risk assessment within the CCA and DRR
communities.

Figure 2 Overview of different approaches, methodologies and tools for loss and damage
assessment (see online version for colours)
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Even though a more in-depth examination of the different approaches to assess tangible
versus intangible aspects of loss and damage would be possible, this paper aims to
provide new insights into global patterns of the risk of loss and damage using the concept
of the WorldRiskIndex and its application to the level of nation states.

3 The WorldRisklIndex: concept, data and methods

The following section provides an overview of the concept of the WorldRiskindex (see
Birkmann et al., 2011; Welle et al., 2013) and its modification in the context of risks to
climate related hazards. Thereafter, the index is applied using global data which is freely
available. These data sets allow for the exploration of differential exposure patterns to
slow- and sudden-onset hazards influenced by climate change within various country
classes based on the World Bank’s income groups. The WorldRiskindex (Birkmann
et al., 2011; Welle et al., 2012, 2013) encompasses a new approach and methodology to
assess the risk of people facing major damages and losses in the context of natural
hazards and extreme events. The concept is based on the understanding that the risk of
loss and damage due to climate-related hazards is not caused solely by external forces
and natural phenomena such as floods or droughts, but also by the vulnerability of a
society or community exposed to these phenomena. Vulnerability as used here refers to
defencelessness and a predisposition to be negatively affected by such hazards. It builds
upon a newly formed consensus and the framing of risk and vulnerability outlined in the
IPCC SREX report (see IPCC, 2012). In this regard, greater emphasis is also given to the
exploration of the structural characteristics of a society linked, for example, to questions
of governance and access to resources, as well as key societal conditions such as the
number of people living in poverty or the percentage of the population that is
undernourished.

The index follows a modular structure that combines hazard exposure and
vulnerability data. While the hazard exposure assessment also accounts for the frequency
of hazards, the vulnerability assessment in the WorldRiskindex focuses on three key
parameters:

1 susceptibility, which means that societies or communities have deficiencies and
limited capacities to deal with adverse events

2 coping capacities, which describe the capacity to deal with the direct impact and
consequences of an extreme event

3 adaptive capacities, which encompass elements that help to build the capacity to
deal with extreme events and slower changes in the medium and longer terms
(see Birkmann et al., 2011; Welle et al., 2012, 2013).

In addition, adaptive capacities allow for the promotion of transformations and help a
system to change, while coping capacities enable a system to survive and maintain its
structures as they exist.

In this regard, the concept of the WorldRiskIndex is clearly based on the theoretical
understanding of risk within the natural hazards and disaster risk reduction community
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and the newer framework discussed in the climate change community (see UN/ISDR,
2004; Wisner et al., 2004; Birkmann, 2013; IDEA, 2005; IPCC, 2012). Within the
assessment approach of the WorldRiskIndex, actual risk is seen as a product of the
interaction between vulnerability and hazard exposure; however, hazard exposure also
accounts for the frequency of various hazards. In addition, vulnerability is further
differentiated into susceptibility, coping and adaptive components which are combined
through simple addition. In contrast, the risk values are calculated through the
multiplication of hazard exposure and vulnerability. Hence, we assume that, if hazard
exposure or vulnerability is zero, then the level of risk will also be zero. The
multiplication also means that exposure is quite influential on the overall risk score.
Compared to the original application of the WorldRiskIndex, the paper here includes a
modified version of the index in terms of focusing solely on climate-influenced hazards
(that is, storms, sea-level rise, droughts and floods). In addition, the paper differentiates
risk profiles according to World Bank income groups that systematise countries
according to their income levels (Table 1). These country groups can provide some
additional insights into the specific risk patterns of, for example, high- and low-income
countries. In addition, they show that risk patterns differ significantly within these
various income groups and between countries primarily exposed to sudden-onset versus
slow-onset climate-influenced hazards.

3.1 Application of the WorldRiskIndex

The WorldRiskindex is calculated based on 28 indicators: five refer to exposure
representing the natural hazard sphere and 23 correspond to the societal sphere
comprising susceptibility, coping capacity and adaptive capacity (Birkmann et al., 2011;
Welle et al., 2012, 2013). Figure 3 provides a detailed overview of the concept of the
WorldRiskindex and its respective components and indicators. Each of the four
components includes suitable indicators, while the three components related to
vulnerability — namely, susceptibility, coping capacity and adaptive capacity — are
divided into sub-categories such as nutrition, government and authorities as well
as education and research (see bold headings over the individual indicators). Each
indicator within the four components is labelled with capital letters representing the
variables which are relevant for the calculation of each component [see Figure 3 and
equations (1)—(8)].

The data source for all indicators applied to the index can be found in
various global databases that are publicly accessible (for further details, visit
http://www.worldriskreport.com/Indicators.390.0.html). For aggregation, all indicators
are transformed into values of 0 and 1 using various methods such as the min-max
normalisation and log (In) transformation. According to each component in Figure 3,
individual indices are calculated and combined to determine the WorldRiskIndex (see
Sections 3.2.1-3.2.5) related to natural hazards influenced by climate change, which are
determined in the second step which focuses on a spatial analysis using the quantile
classification method within ArcGIS 10.
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Figure 3 Components of sub-categories and selected indicators for the WorldRiskIndex related to
climate-related hazards

1. Exposure 2, Susceptibility 3. Coping Capacity 4. Adaptive Capacity
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Note: Capital letters are used to label variables used in equations (1)—(8).
Source: Own figure

3.1.1 Exposure

Exposure is defined as those entities such as people, resources, infrastructures, goods,
services or ecosystems exposed and prone to be affected by a natural hazard event
(Birkmann et al., 2011). In this paper, the frequency of such hazards (floods, droughts
and storms) is also taken into account. The focus, therefore, is on the annual average
percentage of people exposed per country facing climate-related hazards such as
sudden-onset hazards like storms and floods and slow-onset hazards like droughts and
sea-level rise. The analysis of hazard exposure is based on data from the PREVIEW
Global Risk Data Platform (http://preview.grid.unep.ch) of the United Nations
Environment Programme (UNEP) and data from the University of Kansas. The data
records on physical exposure in the PREVIEW Platform include the number of persons
per spatial unit who are exposed to floods, droughts and storms (cyclones) on average per
year per country. A different approach was used for the calculation of exposure due to
sea-level rise, since this is a potential exposure which cannot yet be expressed in the
average population exposed per year. Thus, the data on global sea-level rise by one metre
is based on data from the Center for Remote Sensing of Ice Sheets (CReSIS, 2011) of the
University of Kansas. This was combined and intersected with data regarding the
population distribution based on the Global Rural-Urban Mapping Project (GRUMP) data
set provided by the Center for International Earth Science Information Network (CIESIN
et al., 2012). This, in turn, resulted in the calculation of the number of people (with 2010
as the base year) that would be affected by a one-metre sea-level rise in the year 2100.
Exposure to sea-level rise is only half-weighted as is drought exposure. According to
Peduzzi et al. (2009), drought exposure calculations are very complex and carry a high
uncertainty; consequently, a low weighting is justified. In addition, the exposure to sea-
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level rise is a gradual process and exposure will increase in the coming decades until
2100. Therefore, the influence of the exposure data must be reduced due to its long-term
nature (lower weighting). This means that, by contrast, flood and cyclone exposure were
weighted normally. Finally, all exposed people were added together and divided by the
population of their country [see equation (1)]. To differentiate between sudden- and slow-
onset climate-related hazards, equation (2) was applied to the calculation of the people
exposed to floods and cyclones, whereas equation (3) resulted in the figures for exposure
related to slow-onset hazards such as droughts and sea-level rise.

A+B+(0.5%C+D)

Exposure(E = :
p (E) per country population number X
A+B
Esudden onset = ; (2)
population number
05*xC+D
Estowonset = ( ) (3)

population number

3.1.2 Susceptibility

Susceptibility (S) refers to selected structural characteristics of a society and their
framework conditions which make a society, social group or community more prone to
being negatively affected by an extreme or non-extreme event or hazard. This means
that susceptibility is seen as the likelihood of experiencing harm or damages due to
the occurrence of a hazardous event. The component is operationalised into four
sub-categories and their respective indicators:

1 nutrition

2 public infrastructure

3 poverty and dependencies
4

economic capacity and income distribution (Birkmann et al., 2011,
Welle et al., 2012, 2013).

The weightings for the calculation of the susceptibility index were completed according
to equation (4) as follows (see Figure 3):

Susceptibility (S) = (% * A)+(% #(0.5%(B+ C)))

(4)
+(%4#(05%(D+E)))+(24#(05+(E+F)))

3.1.3 Lack of coping capacity

Coping capacities comprise all of the means available to societies and exposed entities
used to reduce the negative impact of natural hazards and climate change through direct
action and resources. Thus, coping includes the available capacities that may be relevant
for minimising damages during the occurrence of a hazardous event (Birkmann et al.,
2011; Welle et al., 2012, 2013). The overall goal of coping is to ensure the functioning of
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a system and to maintain its structure as is in contrast to the notion of adaptation is linked
to capacities to transform a system. Coping capacities encompass, for example, medical
services and material coverage in addition to the framework conditions of a country
described through the functioning of governments and authorities. This may also be
expressed in negative terms as in the case of fragile and failed states, or relate to the
availability of insurance in order to cope with economic damages. The specific
weightings are show in equation (5).

Coping capacity (CC) = (0.45+(0.5+(A+B)))

5
+(0.45-(0.5%(C +D)))+(0.1+E) ®)

Lack of coping capacity (LoCC) =1-CC. (6)

3.1.4 Lack of adaptive capacity

Adaptive capacities are seen as long-term measures which enable a society to change and
transform current structures in order to live with environmental and societal changes in
the long run without facing major harm, loss and/or damage. Components of adaptive
capacities are linked to, for example, education and research capacities, gender equity,
environmental status and ecosystem protection and investments. For a detailed discussion
regarding the differentiation between coping and adaptation, see Lavell et al. (2012) and
Birkmann et al. (2010). These four sub-categories (see Figure 3) provide an initial data
set which can be used to estimate the capacities of a society to address the negative
impact of natural hazards and climate change in the future in the medium and long terms.
The calculations for the adaptive capacity and the lack of adaptive capacity were carried
out according to equations (7) and (8).

Adaptive capacity (AC) =(0.25+ (0.5 (A+B)))+(0.25+(0.5*(C + D)))

+(0.25%(0.25*(E+F +G + H))) ()
+(o.25*(%*(| + I+ K)))
Lack of adaptive capacity (LOAC) =1- AC. (8)

3.1.5 Calculation of vulnerability and risk related to sudden- and slow-onset
hazards

After each index is developed [see equations (1)—(8)], the final risk index is calculated
using equation (9). The differentiation in risk related to sudden-onset climate-related
hazards is based on equation (10), while equation (11) is used to calculate the risk
associated with slow-onset climate-related hazards. In this context, vulnerability is
defined as the sum of susceptibility, a lack of coping capacities and a lack of adaptive
capacities.

WorldRiskIndex(climate hazards) = E *(% *(S+ LoCC + LoAC)) 9)

WorldRiskIndex(climate hazards)syggen = Esudden *(% *(S+ LoCC + LoAC)) (10)
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WorldRiskIndex(climate hazards)sjow = Esjow *(% *(S+ LoCC + LoAC)) (11)

Although the WorldRiskindex stresses that risk is mainly determined by societal
vulnerabilities, the differentiation according to the various types of hazards might allow
us to explore whether or not risk patterns also differ in terms of hazard profiles in
different country classes (based on World Bank, 2013) such as low- and high-income
countries. This differentiation of the WorldRiskIndex based on income groups and hazard
types can at least provide some insight as to whether this differentiation is important or
rather insignificant for the risk profile of particular regions.

3.1.6 Differentiation of the WorldRiskIndex into socio-economic country classes

The differentiation of the analysis of the WorldRiskindex into four country groups is
related to the World Bank analytical classification presented as the World Development
Indicators and is based on the gross national income (GNI) per capita converted to United
States dollars using the World Bank Atlas method (World Bank, 2013). The classification
properties for the individual country groups are presented in Table 1 and are also shown
in the Appendix as Figure S1.

Table 1 Country groups based on the World Bank classification

GNI per capita in Number of countries
World Bank analytical classification US dollars (US$) based on 173
(year: 2011) WorldRiskindex countries
Low-income countries (L) < US $1025 33
Lower middle-income countries (LM) US $1,026-US $4,035 49
Upper middle-income (UM) US $4,036-US $1,2475 45
High-income (H) > US $1,2475 46

Source: World Bank

4  Results and findings

4.1 Results of the climate-related WorldRiskIndex

According to the data available, it was possible to calculate the index for 173 countries
based on the information related to the exposure of people in different countries to
sudden- and slow-onset climate-related hazards and to information related to
vulnerability. Finally, the exposure indices were combined with the vulnerability index to
obtain three different climate-related WorldRiskIndices for the overall risk of climate
influenced hazards. Figure 4 shows the results for slow- and sudden-onset exposure as
well as slow- and sudden-onset risk. The maps for vulnerability, overall exposure and
overall risk can be found in the Appendix (Figure S2). For the spatial analysis and the
development of maps, all calculated indices were divided into five classes using the
quantile classification method, which is integrated into the ArcGIS 10 software program.
Therefore, each class contains an equal number of features. Based on the calculated
values, each class is also described in a qualitative way, exemplified by the following
classification: very high, high, medium, low and very low. Interestingly, the results show
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significant differences between the highly exposed countries in terms of sudden-onset
and slow-onset hazards. Slow-onset hazards, such as droughts and sea level rise, carry a
particular influence on coastal countries such as Indonesia and Vietnam and sub-Saharan
countries that are known to experience droughts. By contrast, the exposure of people to
sudden-onset hazards is particularly high in countries such as India and China and those
situated in North America and the Caribbean. Although some countries such as Italy or
the UK face a high exposure to slow-onset hazards, they are able to reduce their risk of
loss and damage — e.g., the risk of the loss of life — through very low vulnerability values
(see the vulnerability map in the Appendix as Figure S2). In addition, the opposite trend
is observable, where countries such as India or Madagascar with low exposure (slow
onset) values, increase their risk due to a higher vulnerability.

Figure 4 Exposure of people to (a) slow and (b) sudden-onset hazards (combined with
the vulnerability see Appendix Figure S2) and risk levels to slow-onset (c) and
sudden-onset (b) hazards based on the WorldRiskIndex concept (see online version
for colours)

Exposure (slow) Exposure (sudden)

Exposirs of e populalion 13 Sicw BASSE CimM ralBIed RaLTI| NAZBRdS (S1Ugh. 488 level fise) Expasurs of the populstion 1a sudden onsed cimate related naturs! harards (sisms, Saods)

(c) (d)

Source: Own figure

4.2 Combining four country groups with the WorldRiskindex and ranking
results

In a subsequent step, we examined the WorldRiskindex value with respect to different
socio-economic country classification groups provided by the World Bank. Figures 5 and
S3 (see Appendix) show the results of the WorldRiskindex with respect to climate-related
hazards in combination with the four World Bank country classification groups:
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a low-income countries

b lower middle-income countries
¢ upper middle-income countries
d high-income countries.

(The maps for lower middle- and upper middle-income country groups appear in the
Appendix as Figure S3.) The maps in Figure 5 show the risk for high-income countries
(low-income countries) related to slow-onset hazards such as droughts and sea-level rise
(left) in Figure 5(a) [Figure 5(b)], and to sudden-onset climate-related hazards (right)
such as floods and cyclones. The map shows that not only do major differences exist
between low- and high-income countries related to slow- and sudden-onset hazards, but
also within each income group. The USA, for example, is classified as very low risk
regarding slow-onset hazards yet as very high risk for sudden-onset hazards; the same
pattern is found for Japan which is classified as low risk regarding slow-onset hazards,
but very high risk with respect to sudden-onset hazards. Interestingly, Mauretania shows
a very low risk related to sudden-onset hazards, but a very high risk related to slow-onset
hazards especially droughts.

Figure 5 Climate-related risk in the (a) high and (b) low income country classifications groups
differentiated into (left) slow- and (right) sudden-onset hazards (see online version
for colours)

WorldRiskindex (slow climate related hazards) in high income countries
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Source: Own figure

The data analysis related to calculating percentiles based on risk values and individual
country groups (Table 2) revealed that over 90% of the ‘high-income countries’ are not
classified as being highly or very highly at risk, whereas almost 90% of the ‘low-income
countries’ fall within these categories of risk and 50% of the ‘low-income countries’ are
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only categorised as very high risk countries (see Table 2). With respect to sudden-onset
hazards (Table 3), less than 25% of the “high-income countries’ are classified as high or
very high risk, while by contrast more than 25% of the ‘low-income countries’ solely fall
within the class of very high risk (see Table 3). Only 5% of the ‘high-income countries’
face a high or very high risk of slow-onset hazards (Table 4). Yet, 90% of the
‘low-income countries’ are classified as being at high or very high risk with respect to
slow-onset hazards (see Table 4). The differentiation of the WorldRiskIndex into the four
income class categories of the World Bank clearly reveals that low-income and lower
middle-income countries need to be seen as priority countries where the overall risk of
being severely harmed and facing major loss and/or damage is significantly higher
compared to that in high-income countries. In addition, the mapping of low-income
countries that have a very high (red) WorldRiskindex value also includes countries that
face significant challenges in terms of governance and corruption, such as Mali or Niger.
Consequently, addressing the risk of loss and damage particularly in low-income
countries requires a critical re-examination of existing structures of governance and their
inefficiencies or even failures such as those found in Niger and Chad. Furthermore,
countries such as Mozambique that face significantly high WorldRiskindex scores for
slow- and sudden-onset hazards might need to be viewed as priority countries requiring
resources and capacity-building for both sudden-onset shocks as well as strategies to
address creeping hazards such as rising sea levels in the future.

Table 2 Percentiles of all countries at risk with respect to all climate-related hazards
differentiated into World Bank income classes

Percentile
World Bank classes
10 25 50 75 90 95
Risk_All H 0.80 141 2.35 3.34 4.10 5.18 9.80
L 5.33 6.39 7.20 8.51 11.04 12.75 17.90

LM 2.48 3.40 5.11 7.22 8.93 12.85 17.79
UM 2.79 3.44 3.94 4.84 6.21 7.36 10.57

Notes: Risk values and respective percentiles are shown. These were analysed with the
risk classes derived in Figure 5.

Table 3 Percentiles of all countries at risk with respect to sudden-onset climate-related hazards
differentiated into World Bank income classes

Percentile
10 25 50 75 90 95
Risk_Sudde H 0.0000 0.0006 0.0105 0.0703 0.1329 0.7041 2.6821
L 0.0305 0.0427 0.0639 0.1003 0.5859 3.8735 9.6847
LM  0.0000 0.0359 0.0783 0.1316 0.4645 3.7365 6.7942
UM 0.0089 0.0194 0.0646 0.0890 0.1824 17388 3.4131

World Bank classes

Notes: Risk values and respective percentiles are shown. These were analysed with the
risk classes derived in Figure 5.
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Table 4 Percentiles of all countries at risk with respect to slow-onset climate-related hazards
differentiated into World Bank income classes

Percentile
World Bank classes
5 10 25 50 75 90 95
Risk_Slow H 0.33 1.30 2.29 2.99 3.80 4.36 7.32
L 4,98 6.26 6.71 7.71 9.81 11.36 12.21

LM 1.62 3.14 4.78 7.01 7.95 10.88 11.26
UM 2.76 3.26 3.83 4.64 5.67 6.36 7.30

Notes: Risk values and respective percentiles are shown. These were analysed with the
risk classes derived in Figure 5.

5 Discussion of results and recommendations

Overall, the risk analysis, based on the concept of the WorldRiskindex and the socio-
economic country classes as defined by the World Bank, show that low-income and
lower middle-income countries in general face a higher risk of being negatively affected
by climate-related hazards, particularly as these relate to their higher vulnerability. In
addition, the high rate of exposure to climate-related hazards globally are particularly
evident in the Caribbean, the Sahel, parts of South-east Africa, South-east Asia and, in
part, South-east Europe (see Figure 5). The differentiation between the four socio-
economic country classifications (World Bank income groups) and the slow- versus
sudden-onset hazards in the context of climate change also reveal that countries in Africa
are generally in a higher risk category, particularly in terms of slow-onset hazards, while
the USA, for example, ranks relatively low in terms of their population’s exposure to
slow-onset hazards influenced by climate change (compared with global figures). By
contrast, the USA is highly exposed to sudden-onset hazards compared to other regions
and countries (red), and faces a medium total exposure which is composed of a low
exposure to slow-onset hazards and a rather high exposure to sudden-onset hazards.
Conversely, Zimbabwe has a very high total exposure with respect to slow-onset hazards,
mainly due to droughts. However, comparing the high exposure of some countries to
climate-related hazards does not necessarily mean that they are also facing a high risk.
The risk of loss and damage is heavily determined by the societal vulnerability and the
capacities of countries and communities to moderate and mitigate the potential negative
impact of such hazards.

Working with indices can be criticised, since the selection of appropriate indicators,
weighting and aggregation processes are well-known discussion points. Hence, the
WorldRiskIndex was tested with respect to robustness and validity and revealed that the
modelling approach of the index is reliable and the results are reasonable and robust.
Therefore, this paper argues that the WorldRiskIndex is a valid approach to assess the
risk of loss and damage and the results support the three different thematic areas of the
UNFCCC.
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5.1 Recommendations

The results presented in the various maps and tables in this paper provide an estimate for
and show interesting global distribution patterns of peoples’ exposure to climate-related
hazards and the vulnerability of the respective populations. These numbers are not
intended to provide very specific information on the detailed risk patterns for individual
countries; rather, they provide an overview of knowledge and show that the risk of loss
and damage in the context of climate change differs significantly between and even
within different income groups, while slow- and sudden-onset hazards create quite
different global risk distributions.

First, the results of the modified WorldRiskIndex underscore that the least developed
in particular and developing countries in general must be seen as priorities in risk
reduction and adaptive strategies to reduce the risk of loss and damage in the context of
climate-related hazards. However, the findings also show that countries in transition such
as Vietnam need to prepare for and deal with significant risks due to climate change at
present and even more so in the future. This is particularly the case with regard to sea
level rise and increasing population concentrations along coastal zones for example.
Consequently, strategies and institutional mechanisms for addressing the risk of loss and
damage should not be focused solely on the least developed or developing countries, but
also on countries in transition which are highly at risk.

Second, various countries in Africa and some in Asia, especially South-east Asia,
face a high level of poverty, which contributes significantly to a high level of
vulnerability or a low coping capacity. These countries also show significant deficits in
terms of governance structures and in terms of the challenges of corruption (see Table 5).

Table 5 The average scores for the corruption perception index (scale of 0 to 10, where 0 is
the highest perceived corruption level and 10 is the least perceived corruption level)
and the failed state index (scale of 0 to 120, where 0 is the most stable state and 120 is
the most critical) with respect to all top 10 countries listed in Tables 2-5

o @0 W
Governance indicators Ic():vc\)/l-Jlr?t(:’ci)g;e middle-income  middle-income hlc?:l;m?i%?e
countries countries
Average corruption 25 3.2 35 6.1
perception index
Average failed state index 93.2 80.5 72.2 474

This means that strategies to address the risk of loss and damage need to encompass
measures for identifying and, if feasible, reducing climate-related hazards as well as
reducing societal vulnerability. Among other issues in various countries in Africa as well
as in select countries in South-east Asia, reducing vulnerability and improving the
capacity to cope also require improvements in governance, reducing corruption and
enhancing coping mechanisms. Examples include improvements in the coverage of
health and other insurance mechanisms against specific hazards, particularly for the most
vulnerable groups.
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Third, risk assessments point to the fact that some low-income countries at high
risk, such as Bangladesh, Cambodia, Guinea-Bissau or Haiti, face severe limitations in
reducing their exposure to climate-related hazards such as sea-level rise due to their
limited financial capability, for example, to reinforce and construct protective
infrastructure. Consequently, in these countries, improvements need to be fostered
through adaptation funds and strategies in the area of coping and adaptive capacities. In
particular, if the national-level system such as that in Haiti faces severe constraints in
providing support for building coping and adaptive capacities of people at risk,
adaptation funding should not be solely targeted to national-level institutions. In addition,
conventional strategies for risk management and adaptation might fall short in addressing
the challenges of exposure reduction; hence, new concepts must be developed which are
particularly tailored to low-income countries with a high level or rapidly increasing levels
of exposed populations to creeping hazards such as sea-level rise. In terms of coping
capacities and economic coverage through insurance, it is also important to note that,
even though the absolute economic damages are significantly higher in high-income
countries, various countries are also characterised by a relatively high level of insurance
coverage. This means that, in contrast to low-income countries, people and enterprises in
high-income countries might receive significant compensation for their experienced
losses due to their insurance coverage, while insurance coverage is significantly lower in
low- and lower middle-income countries (Linnerooth-Bayer, 2012).

Overall, the selected results presented in this paper using a modified version of the
WorldRiskindex methodology demonstrate that present negotiations for a new
mechanism and institutional structures to address loss and damage cannot usefully be
limited to actual loss and damage. Instead, they must address the risk of loss and damage
that also accounts for factors that potentially increase risk accumulation and the
vulnerability of societies to suffer harm due to extreme events.

Furthermore, based on the findings from empirical analysis, the authors recommend
that mechanisms to address loss and damage should also be developed at least along three
different categories:

1 different climate-related hazard types (sudden-onset versus creeping)
2 different socio-economic country classifications
3 groups of countries with severe governance challenges.

All of these categories encompass quite different global risk distribution patterns that
should be acknowledged within various adaptation and risk reduction programs. Simply
focusing on least-developed countries and national-level adaptation programs will not
provide a vehicle to address the risk of loss and damage adequately. An improved
consideration of the different determinants of risk and risk profiles linked to, for example,
different hazard types, country income classifications and governance challenges is a
prerequisite in order to move from the general monitoring and treatment of past and
present loss and damage patterns to the anticipation of risks through effective and
specific adaptation program structures.
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Notes

1 The following section is based on a technical paper written for the climate change
negotiations from the United Nations Framework Convention on Climate Change’s
program on loss and damage, which the authors co-wrote (see UNFCCC, 2012).

Appendix

Figure S1 Country groups based on World Bank classification (see online version for colours)
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Figure S2 (a) Exposure towards climate related hazards (floods, storms, droughts, sea level rise)
combined with (b) vulnerability results in (c) WorldRiskIndex (see online version
for colours)
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Figure S3 Climate-related risk in the upper middle income (top) and lower middle income

onset hazards (left) and sudden-onset

(bottom) country groups differentiated in slow-

hazards (right) (see online version for colours)
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