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Since the 1990s, the Intergovernmental Panel on Climate Change (IPCC) has used global assessments of vulnerability to inform investment and action against the eﬀects of climate change. Beyond the IPCC, others have
undertaken global assessments to understand the vulnerability of coastal areas to climate change. Eight global
vulnerability assessments are compared to understand similarities and diﬀerences in their results and the metrics
used to construct a vulnerability index. Variations in objectives, conceptualizations of vulnerability, operationalization of the concepts, scope and depth of data drawn upon lead to contradictory rankings of priority
areas for climate action between assessments. The increased complexity and scope of indicators make it diﬃcult
to untangle the root causes of such diﬀerences in rankings. It is also diﬃcult to identify the degree to which
climate change inﬂuences vulnerability rankings compared to other factors such as local environmental conditions and the capacity of populations to deal with environmental change. The way to undertake global assessments needs to be reshaped to better inform planning of international development along diﬀerent objectives. Global level assessments need to be simpliﬁed and harmonized to better isolate the impact of climate
change speciﬁc drivers. Decision-makers would make better use of such global assessments as scoping studies
rather than expect comprehensive and robust priorities for investment. Such scoping studies can help target
locations where supplementary, in-depth local analyses need to be conducted. At the local level, the possibility to
collect context-speciﬁc information, particularly on adaptive capacity, allows the robust assessment of vulnerability.

1. Global level assessments, climate change impacts on coastal
populations and informed action
Climate change is expected to have severe adverse eﬀects on marine
and coastal ecosystems and human activities which depend on them
[2,23], thus calling for better identiﬁcation of areas at particular risk to
mitigate their impacts. Long-term changes, such as sea-level rise, ocean
acidiﬁcation, and changes in sea surface temperature are expected to
put millions of people and billions of dollars’ worth of economic sectors
at risk (O. [31]). Countries across the globe are not equally vulnerable
to, and will not be equally impacted by, the wide-ranging eﬀects of
climate change, the large majority of which is expected to be negative.
Understanding which countries are most vulnerable to the adverse effects of climate change is important, ﬁrstly for equity reasons [53,66],
and secondly to inform investments in research and action including
adaptation planning and capacity building [17].
⁎

This issue is raised in article 4.4 of the United Nations Framework
Convention on Climate Change (UNFCCC). Article 4.4 states that developed countries shall “[…] assist the developing country parties that
are particularly vulnerable to the adverse eﬀects of climate change in
meeting costs of adaptation to those adverse eﬀects” [60]. The same
mandate was given to global ﬁnancial institutions such as the Green
Climate Fund (GCF) and the Adaptation Fund. For instance, the GCF
“[aims] for a ﬂoor of ﬁfty per cent of the adaptation [funding] allocation for particularly vulnerable countries, including least developed
countries (LDCs), small island developing States (SIDS) and African
States” (GCF [24], Decision B.06/06). In addition, international development targets such as the Sustainable Development Goals (SDGs)
have reinforced the demand for scientiﬁc assessments at the global level
that can help inform climate and development investment and action.
The international climate negotiations embraced the idea of vulnerability. The scientiﬁc community is attempting to provide input to
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• a lack of consideration of the costs of action in addition to climate

climate negotiations, but some argue that identifying vulnerable
countries is a political process [36]. For instance, the Climate Vulnerable Forum was founded to create a coalition and build capacity of
countries that identify as vulnerable in international negotiations.
Global level indicator-based vulnerability assessments have become
very popular in the hope of using them as tools to identify “developing
country parties that are particularly vulnerable to the adverse eﬀects of
climate change” to receive help from countries that have the means to
do so, in the form of ﬁnancial transfers in order to “[meet the] costs of
adaptation to those adverse eﬀects” [60]. The Intergovernmental Panel
on Climate Change (IPCC) was an early adopter of global level indicator-based vulnerability assessments to identify vulnerable places in
particular need of assistance to combat climate change. They aimed at
communicating the seriousness of climate change more eﬀectively with
spatial analyses and maps. Vulnerability assessments are used by the
IPCC to communicate places needing investment and action the most.
Assessing future threats of global environmental change on ocean
and coastal socio-ecological systems is important for the sustenance of
economies and livelihoods. Vulnerability assessments developed by the
research community rely on a scientiﬁcally sound understanding of the
impacts of climate change on physical, ecological and social systems
[1,17,47,51,58]. They draw from a range of academic disciplines including oceanographic, ecological, and social sciences. They use different methods but usually construct composite indicators to be able to
rank countries [56,65]. However, the current lack of understanding of
the mechanistic relationships between global changes and socio-economic impacts is hindering the development and establishment of
comprehensive and consistent approaches by the marine science community. It has been argued that using the IPCC vulnerability framework
could help the marine science community move forward to better
characterize impacts of climate change on the marine environment and
guide decision-makers [39].
Many studies coming from the research community as well as international organizations and Non-Governmental Organizations (NGOs)
have attempted to rank countries based on their vulnerability to climate
change. In order to do so, composite indexes have been built to establish these vulnerability assessments. There is no uniﬁed approach to
global indicator-based vulnerability assessment which has resulted in a
variety of applications, even for those focused speciﬁcally on marine
and coastal applications, and a drive for such analyses to become more
data intensive and “comprehensive” over time [22]. Methodologies and
results vary greatly across these assessments, which have triggered
much debate within the research community on using indicator-based
vulnerability assessments at the global level. For example, Hinkel [28]
argues that vulnerability assessment was originally designed and is best
suited for application at the local level and not the global level.
Acknowledging that diﬀerent local vulnerability assessments can
have diﬀerent goals which inform the types of methods and appropriate
data [48], there are inherent problems in conducting vulnerability assessments at the global level. The assumptions and ﬁnal scores used for
prioritizing countries produced by such assessments make it diﬃcult to
understand the main drivers of climate vulnerability and thus identify
the main opportunities for relevant climate-related investment. Methodologies are rarely explicit, and aggregating all data used into a single
score degrades complexity and quality of information. The challenges
that confront the global level application of vulnerability assessments
for use in targeting climate-related investment include:

vulnerability and impacts.

Section 2 of this paper summarizes brieﬂy the current use of vulnerability assessments to understand impacts of climate change on
coastal populations, describing the concepts put forward in diﬀerent
IPCC reports. Section 3 is an analysis of methods and results from a
selection of the most cited global vulnerability assessments on marine
and coastal systems in order to highlight limitation of vulnerability
assessments conducted at the global scale. Section 4 proposes a two-tier
approach as a way forward to provide guidance for future vulnerability
assessments on coastal and marine issues.
2. Contrasted conceptualizations of vulnerability and associated
concepts
Vulnerability is a concept that is intuitively understandable and
simple because it is used in many everyday life contexts: one can be
vulnerable to diseases, attacks etc. This concept allows for integration
of physical, ecological, and human impacts of and adaptability to climate change. The concept emerged in its current form in relation to
environmental studies in the 1980s [55], disaster risk reduction at the
local level in the 1990s (e.g., [62]), political ecology and resilience in
the 2000s [18] and has evolved over time to be used by interdisciplinary research on a number of topics including climate change
[58]. During this evolution, climate change vulnerability assessments
have become more complex, building from impact assessments to include non-climate drivers (of environmental or socio-economic nature)
and adaptation responses [22]. However, there is no consistent deﬁnition nor conceptualization of vulnerability yet [1]. Vulnerability research eﬀorts are currently focusing on developing independent vulnerability approaches and indexes to test their relevance and
applicability for adaptation planning. The vulnerability concept lacks
an operational deﬁnition and measurement for consistent practical
applications [1], because it is diﬃcult to choose among competing
approaches or to understand their diﬀerences [43]. Ten years later
there is not much evidence of signiﬁcant improvement in this area,
which has lead to tensions in international climate negotiations [44].
The evolving nature of the deﬁnition and analytical framework used
for assessing vulnerability can be best illustrated through the evolution
of the framework used by the IPCC between 2001 and 2014 (Fig. 1.
a,b). In the IPCC Third Assessment Report of 2001, vulnerability was
deﬁned as “a function of the character, magnitude and rate of climate
variation to which a system is exposed, its sensitivity and its adaptive
capacity” [50, p. 92, Fig. 1.a]. In the Fifth Assessment Report -and already in the IPCC Special Report on EXtreme events and disasters [35],
the deﬁnition of vulnerability was revised to best capture systems
complexity: “the propensity or predisposition to be adversely aﬀected.
Vulnerability encompasses a variety of concepts and elements including
sensitivity or susceptibility to harm and lack of capacity to cope and
adapt” [45, p.1046, Fig. 1.b]. This evolution of thinking was not followed by guidelines to operationalize this new conceptual framework,
so it is left to diﬀerent disciplines to assess and integrate the complex
facets of vulnerability as they are described by the IPCC. To add to the
challenge, the vulnerability framework is applied to a variety of perspectives in the IPCC reports (vulnerability of ecosystems, populations,
the economy), adding confusion over the message conveyed.
Even though conceptualizations diﬀer for the deﬁnition of vulnerability, the core of the vulnerability framework remains relatively unchanged and can be boiled down to its components of hazard, exposure,
sensitivity, adaptive capacity and vulnerability (Fig. 2.). Key diﬀerences
between the frameworks lie in the way the relationship between vulnerability and the other factors is formalized, and the feedbacks and
actions that inﬂuence and are inﬂuenced by vulnerability - namely
adaptation, mitigation, and governance. This ﬂexibility in the framework makes the vulnerability concept well suited to analysis at the local

• a lack of harmonized conceptualization of vulnerability and asso•

ciated concepts, in particular impact and adaptive capacity, in addition to how these concepts are operationalized in practice,
an ever expanding number of variables used for such assessments,
many of which are not available reliably at the global level, resulting in increased complexity of analysis and combination of very
diﬀerent metrics together which make it diﬃcult to isolate climate
impacts on populations from other factors,
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Fig. 1. Conceptual frameworks of vulnerability used by the IPCC in (a) the Third assessment report of 2001 and (b) the Fifth assessment report of 2014. Sources: (a)
“Places of adaptation in the climate change issue” [50, p.90] (b) “Schematic of the interaction among the physical climate system, exposure, and vulnerability
producing risk” [45, p.1046].

measure the vulnerability of societies to changes in the ocean, whether
it is ﬁsheries, coral reefs, or a range of ecosystem services provided by
the ocean. Most assessments deﬁne vulnerability as a combination of
exposure, sensitivity, and adaptive capacity and measure it using indicators that ﬁt in these three categories. The formulae used to calculate
vulnerability itself vary across these studies. Four of the studies calculate vulnerability as a function of exposure, sensitivity, and adaptive
capacity. Two studies only measure exposure and sensitivity. The ocean
health index measures diﬀerent but related concepts, including current
state, trends, pressures, and resilience. Since the introduction of a new
deﬁnition of vulnerability by the IPCC in 2012, one report [6] uses this
new deﬁnition, where risk is a function of exposure and vulnerability,
and vulnerability is a function of sensitivity and adaptive capacity.
Even when deﬁnitions are common, the indicators and corresponding datasets used to measure hazard, exposure, sensitivity,
adaptive capacity, mostly in relation to available data and speciﬁc focus
of these studies. A recent analysis of ten global climate vulnerability
assessments (6 of which are also analysed here, the other four being
general vulnerability assessments not targeted at coastal and marine
systems) found important methodological diﬀerences across studies: a
diﬀerence in the number of countries taken into account, the use of
socio-economic indicators not scaled to population size, the small
number of indicators used and the lack of redundancy test for the selected indicators [41]. While using similar basic frameworks, the existing global-level studies of the climate impacts to coastal populations
use diﬀerent indicators composed of multiple variables to determine
exposure, sensitivity and adaptive capacity. For instance, these studies
diﬀer in terms of the hazards they take into account, exposed populations, dependence of livelihood and infrastructure, and capacity to deal
with climate change. Starting from the same framework developed by
Allison et al. [3] to study the vulnerability of marine ﬁsheries, two
groups of researchers introduced diﬀerent methodological improvements and choice of indicators that have led to the conclusion that LDCs
are more vulnerable in the ﬁrst case [7] whilst SIDS are more vulnerable in the other [41].
As a result of diﬀerent deﬁnitions, conceptual representations, and
indicators used in global assessments of coastal and marine risks, very
diﬀerent rankings of priorities for countries at risk have been established. Table 2 shows a large number of diﬀerent countries that appear
in the ‘top 10’ most vulnerable for the eight global assessments. Of
these, 53% of countries (or 42 out of 79) appear in the top 10 of only
one of the reports, suggesting more diﬀerence than coherence. No
country is found in the top 10 of all of the reports and only two
countries, Sierra Leone and the Philippines, are found in the top 10 of
half the reports. This ﬁnding corroborates a previous comparison of

Fig. 2. Contributing factors to potential impacts and vulnerability (adapted
from [34,50]). Exposure, sensitivity and hazard event (bold) are predictive and
speculative outcomes that lead to potential impacts. Vulnerability is the combination of potential impacts and adaptive capacity. *Adaptive capacity is
highly context speciﬁc.

level, where more context speciﬁc information is available [28]. It
makes however the concept more diﬃcult to use at the global level in a
consistent way, which would require more of a ‘blueprint’ approach if it
is to guide investments across diﬀerent types of risks and social contexts
with some degree of equality and comparability.

3. What do global vulnerability assessments actually reveal:
understanding conﬂicting vulnerability rankings from climate
change impacts on coastal human populations
A number of global indicator assessments, applied to marine resources, have been conducted by academics [3,4,7,16,26,33,41] and
Non-Governmental Organizations [6,11,27,32] to assess ocean health
and the speciﬁc risks faced by marine ecosystems and the people that
depend upon them. Eight of these 11 global vulnerability assessments
are compared here. Three papers are not taken into account because of
speciﬁc focus on mollusks [16] or because they base their analysis on a
paper already reviewed here [7,41]. The selection of the international
literature reviewed here includes seminal papers focusing on coastal
and marine vulnerability at the global scale, totalizing 2509 citations
according to Google Scholar, and is not intended as a systematic review
of the scientiﬁc eﬀort on vulnerability assessments. The analysis of this
literature focuses on the methods and results published by global vulnerability assessments in order to highlight limitations for applications
at the global scale.
Each has appropriated and redeﬁned the core concepts of the approach diﬀerently (Table 1). All of these studies have the aim to
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"Based on the
magnitude of their ﬁsh
and shellﬁsh catch,
their level of seafood
consumption, the
percentage of coral
reefs within their
exclusive economic
zones (EEZ) and the
projected level of ocean
acidiﬁcation in their
coastal waters in 2050."
p.1

V=E+S

Formulae for
vulnerability

"Evaluated the likely
vulnerability of
diﬀerent countries to
continued ocean
acidiﬁcation" p.1

Deﬁnition of
vulnerability

Objectives

[27]

"A combination of the
extrinsic exposure of
groups or individuals or
ecological systems to a
hazard, such as climate
change, their intrinsic
sensitivity to the hazard,
and their lack of
capacity to modify
exposure to, absorb, and
recover from losses
stemming from the
hazard, and to exploit
new opportunities that
arise in the process of
adaptation" p.175
V = f(E, S, AC)

"We provide an
indicator-based analysis
of the relative
vulnerabilities of 132
countries to climate
change impacts on
ﬁsheries." p.175

[3]

V = E * S*AC

"Developed a new,
detailed assessment of
the status of and threats
to the world's coral
reefs. This information
is intended to raise
awareness about the
location and severity of
threats to coral reefs.
These results can also
catalyze opportunities
for changes in policy
and practice that could
safeguard coral reefs
and the beneﬁts they
provide to people for
future generations." p.1
"We represent
vulnerability as the
combination of three
components: exposure
to reef threats,
dependence on reef
ecosystem services
(that is, social and
economic sensitivity to
reef loss), and the
capacity to adapt to the
potential impacts of
reef loss." p.66

[11]

V = E + S-AC

"Combining each nation's
exposure to climate
change and ocean
acidiﬁcation, its
dependence on and
consumption of ﬁsh and
seafood and its level of
adaptive capacity based
on several
socioeconomic factors."
p.2

"Ranks nations based on
the seafood security
hardships they may
experience by the middle
of this century due to
changing ocean
conditions from climate
change and ocean
acidiﬁcation." p.2

[32]

V = E + S-AC

"Degree to which a
country is susceptible to
a decline in coral reef
ﬁsheries as a food
source and is ability to
respond to the decline."
p.96

"Develop a framework
to identify most
vulnerable regions, the
mechanisms creating
this vulnerability, and
the potential policy
interventions that may
this reduce food security
vulnerability." p.96

[33]

V = S + CC + AC;
Risk = E * V

"Risk is a function of
exposure of people and
assets to a geophysical
hazard (e.g., ﬂood) and the
social vulnerability of
communities. The three
components of vulnerability
are susceptibility, coping
capacity and adaptive
capacity." p.2

"(1) Examines the risks that
nations face from
vulnerability and exposure
to coastal hazards; (2)
identiﬁes where
environmental degradation
contributes to these risks;
and (3) explores where
environmental solutions can
contribute to risk reduction."
p.2

[6]

I=E * S

"Depends on three key
elements: exposure to
the physical eﬀects of
climate change;
economic and social
dependency on the
changing variable(s);
and adaptive capacity to
the changes." p.214

"Develop and link
models of physical,
biological and human
responses to climate
change in 67 marine
national exclusive
economic zones, which
yield approximately
60% of global ﬁsh
catches, to project
climate change yield
impacts in countries
with diﬀerent
dependencies on marine
ﬁsheries" p.211

[4]

OHI = f(C, T, P, Re)

N/A

"Developed and
implemented a
systematic approach
for measuring overall
condition of marine
ecosystems that treats
nature and people as
integrated parts of a
healthy system." p.1

[26]

Table 1
Objectives, deﬁnitions of vulnerability, and formulae used in eight global reports. (V) vulnerability, (E) exposure, (S) Sensitivity or dependence, (CC) coping capacity, (AC) adaptive capacity, (OHI) Ocean Health Index,
(C) current status, (T) trend, (P) pressure, (Re) resilience.
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Table 2
Top 10 countries at risk from climate change impacts on the coasts and ocean, extracted from eight global reports and listed regardless of their original rank. In red,
countries found in four of the reports, in orange, countries found in three of the reports, in yellow, countries found in two reports, in white countries found in only one
of the reports. *Burke et al. [11] only identiﬁes 9 countries as highly vulnerable.

them.
Similarities and diﬀerences can be found in the metrics used for
measuring adaptive capacity in these assessments (Table 3). Assets and
organization contain the most number of metrics. Agency metrics are
the least commonly found across studies and is not consistently measured. Agency is a diﬃcult concept to operationalize with quantitative
measures. Measuring the empowerment and freedom of people and
institutions to adapt and shape their livelihoods is a frontier of researcher, with few papers investigating barriers to adaptation [5,63].
Metrics of assets and learning are consistent across the studies, with
GDP per capita, life expectancy, and adult literacy rate being the most
used metrics. In fact, these are the metrics found in the widely used
Human Development Index [52], which raises issues of redundancy and
more importantly relates to development policies and ideologies [40].
Metrics of natural assets are also not consistent across studies. Organization is deﬁned consistently, with global metrics available to characterize this concept, including the ﬁsheries management eﬀectiveness
index developed by [42]. However, diﬀerent studies include a wide
variety of other metrics besides ﬁsheries management eﬀectiveness to
characterize organization. Flexibility metrics are all related to access to
alternative sources of livelihood, but are measured inconsistently across
studies.
There are two immediate consequences of the use of adaptive capacity measures in these assessments. First, developed countries that
face large potential impacts from climate change do not rank high –
even though the value of needed adaptation related investment may be
extremely large. Second, it becomes diﬃcult to know, using ﬁnal scores
alone, whether a country with a high indicator score is due to vulnerability caused by climate change or inherent vulnerabilities caused by
demographic, political, and social factors. The recent developments in
vulnerability assessments attempt to include more targeted measures of
adaptive capacity that are not yet rooted in empirical evidence. Causal
relationships between adaptive capacity and impacts in social-ecological systems are still lacking [8,49].
A lack of an agreed deﬁnition, a lack of standard measurements of

national level studies that found great diﬀerences in indicators and
countries ranking [20].
The lack of consistent operational deﬁnition and measurement of
vulnerability means it is diﬃcult to discriminate between existing
vulnerability approaches and identify the “right one” from a theoretical
perspective. In an eﬀort to be more comprehensive and to reﬂect the
diﬀerent abilities of coastal populations to deal with climate change,
recent indicator-based global level assessments include coping and
adaptive capacities. Multiple factors inﬂuence the capacity of coastal
populations to respond to climate change, depending on the local socioeconomic characteristics, multi-level governance, but also cultural
norms and customs, and perceptions of risk [14,21]. Adaptive capacity
is often the most complex component of vulnerability to understand,
deﬁne, and collect data on because it is the most context-speciﬁc. Some
empirical work suggests that global adaptive capacity indicators can be
identiﬁed [9] but they so far reﬂect generic issues such as education
and poverty that may be very important for development and wellbeing but not necessarily for dealing with sectoral impacts of climate
change [33]. All but two of these studies include measures of capacity
[4,27].
Metrics of adaptive capacity used in the eight global vulnerability
assessments were categorized into the ﬁve domains of adaptive capacity
described in [14]. “Assets” include resources of diﬀerent nature (economic, technological, environmental), “Flexibility” measures the diversity of possible options to adapt to climate change, “Organizations”
describes governance and social cohesion, “Learning” captures the
generation and utilization of knowledge, and “Agency” describes the
ability of people and organizations to mobilize the other domains of
adaptive capacity into action. Some assessments already use a similar
way of categorizing their adaptive capacity metrics [33]. Others use
diﬀerent labels. For example in the Ocean Health Index, these metrics
are found under the term social resilience. In other reports ([3]; Coasts
at Risk; Reefs at Risk), categories include economy, health, education,
and governance. When adaptive capacity categories are diﬀerent from
[14], we use in-text justiﬁcation of the choice of metrics to categorize
395
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Table 3
Adaptive capacity metrics extracted from eight global vulnerability assessments reports and categorized according to the ﬁve domains described in [14]. Compared to
Tables 1 and 2, Barange et al. [4] and Harrould-Kolieb et al. [27] do not use adaptive capacity metrics in their vulnerability index and therefore are not presented
here.

4. A two-tiered approach for global assessment to inform climate
investment and action

vulnerability across studies and an ambiguous use of the concept for
multiple perspectives (what/who is vulnerable to what changes) have
partly impaired the establishment of clear unambiguous global assessments. It is therefore of little surprise that such global assessments have,
in turn, not been able to help set up clear priorities for climate investment and action.

To avoid the challenges described in Section 2 and Section 3 and to
move towards a more transparent approach to global indicator assessments that can be used to identify climate action, a simpliﬁcation and
396
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vulnerability.
At the local level, more reﬁned, data-intensive analysis can be used
to better understand local impacts of global and local changes and
behaviors. Such analyses would include, but not be limited to, vulnerability assessments, and would help identify key environmental and
ecological factors aﬀecting human dependencies which are most impacted by climate change. At this level, the socio-economic and political
factors inﬂuencing adaptive capacity can be identiﬁed and assessed in a
vulnerability framework. There already exists a number of relevant
local level assessments which have been successfully applied in developed and developing countries that could be better used to understand
climate impacts and actions (e.g., [15,19,25]).
This two-tiered approach is a pragmatic way to make the most of
available data, approaches and scientiﬁc methods to undertake meaningful assessments that can guide climate action and help prioritize
eﬀorts where most urgently needed. It also helps provide a global-level,
transparent framework while keeping local ﬂexibility for climate investment and action from the global down to the local level. Like vulnerability assessments, the approach combines natural and social sciences to understand the potential impacts on people of climate change,
but it does so at levels that better match the social science concepts to
the scale at which relevant data are available. The ﬁrst tier allows for
meaningful policy recommendations at the global level, while the
second tier provides the needed ﬂexibility in relation to changing
spatial and human contexts.
Such a two-tiered approach still requires continued improvements
in the quality and quantity of natural and social science data. While
natural science data regarding climate, oceanography, corals and ﬁsheries continues to improve, social human data lag behind, especially
data about local ﬁsheries, tourism and the built environment as well as
preparedness, capacity to act and representations. There is a need for
better data and science to be able to structure global-level assessments
in a globally coherent and meaningful way, with a need for research
and data collection eﬀorts to be targeted accordingly.
The semantics used in the international policy arena are framed
around the term “vulnerability” and are making it diﬃcult to move past
vulnerability assessments at the global scale. While assessing potential
impacts instead of vulnerability at the global scale is important, targeting vulnerable countries is a policy agenda that may be hard to
challenge [36]. This even though current international funds are not
necessarily targeting “vulnerable countries” which do not have the
capacity to apply for funding [54].
The suggested way forward corresponds to taking a step back and
adopts a simpliﬁed approach. Instead of trying to derive meaningful
guidance from applying one tool at inappropriate scales of analysis
(vulnerability assessments applied at the global level), a combination of
scale-relevant tools could be applied. This would amount to shifting the
emphasis from using tools at the global level to identify local impacts
(i.e. the downscaling of global results to the local level) to using tools at
the global level to identify potential local impacts and inform local
analysis and appropriate action. It seems that this interfacing of a topdown approach and a bottom-up approach is gaining momentum in the
design of new vulnerability assessments [29,38,64].

Fig. 3. 2-tier strategy to conduct assessments vulnerability assessments at different scales.

harmonization of assessments is needed. The goal of global level assessments should remain to understand the impacts of climate change at
the global level for coastal human populations, but the methodology to
do so must evolve. Speciﬁcally, a two-tiered approach is suggested for
classifying existing studies to better identify common elements, and
guide further global analysis (Fig. 3.):
1. Global level impact assessments (ﬁrst tier): Global level assessments should focus on simpliﬁed and more standardized scoping studies
for which good global data are available. These simpler approaches
should link climate change directly to impact, be limited to impacts,
and not include measures of adaptive capacity so as to clearly separate
development issues from threats driven by climate change. A focus on
global-level impact assessments can help identify countries where:
a. climate action may be warranted (mitigation, adaptation or other),
b. additional, ﬁner scaled vulnerability assessments may provide crucial information to set up appropriate policy action, and
c. monitoring and science may yield socially relevant results.
The scores used to rank countries could be presented by impact or as
a summary measure of how high-ranked countries scored across the
impacts considered. The impacts of climate change are direct pathways
through which the eﬀects of climate change will adversely aﬀect species, ecosystems, and socio-economic systems. Climate eﬀects include
ocean warming, acidiﬁcation, sea-level rise, changes in extreme
weather events, deoxygenation, modiﬁcation of currents, and changes
in salinity [31]. Examples of such studies include impacts of climate
eﬀects on economic sectors in general [2,61], on ﬁsheries [4,12,13], on
ecosystem services [46], or on global ecosystems [30]. Global-level
scoping analyses based on impacts are meant to guide more reﬁned and
more data-intensive local level analyses, but do not aim to replace such
local level analyses. Ideally, such analyses are accompanied by a global
scale analysis of technical, economic and social costs of action for
comparison to potential beneﬁts from impact mitigation and adaptation. They should also be accompanied by analysis of the equity and
justice repercussions of the distribution of potential impacts [66],
which was partly the role of including adaptive capacity in vulnerability assessments.
2. Local level assessments (second tier): The global scoping assessments should identify places where more comprehensive local level
assessments can be conducted to identify concrete investment actions
and the degree to which these places are vulnerable to climate change,
including the socio-economic and political factors inﬂuencing

5. Conclusion
Current global vulnerability assessments are not able to fulﬁl their
goal to give clear guidance towards the identiﬁcation of vulnerable
countries. Shortcomings include a lack of agreed deﬁnitions, concepts,
and metrics to measure vulnerability. Adaptive capacity is particularly
problematic to assess at the global scale. If they are to be useful to
decision-makers with a global reach, including Inter-governmental
Organizations, Multi-lateral funds such as the Green Climate Fund and
global NGOs, global level assessments should not be designed and applied as comprehensive studies but rather as scoping studies that focus
clearly on the basic pathways that link climate change to impacts on
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people, without extending the analysis to determine overall vulnerability which is context speciﬁc. These global level “impact assessments” then should be supplemented by more reﬁned local level vulnerability assessments and analyses of costs of action to provide
information useful to climate action and investment from the global
down to the local level.
The ﬁrst tier of the two-tiered approach could be useful to identify
all countries that are likely to experience large direct or indirect impacts from climate change. If applied to a pool of recipient countries
alone (i.e., developing countries under Article 4.4 of the UNFCCC receiving international transfers), such a tier could be used to identify
places where foreign assistance to meeting the costs of adaptation under
the UNFCCC may be most useful and improve eﬃciency of international
climate funding. The second tier could be used by developed and developing countries alike to inform more ﬁne-tuned context-appropriate
investment within countries, and not just international transfers. This
second tier can consider diﬀerent types of action, including climate
change action but not exclusively, and diﬀerent investment options into
mitigation, adaptation, governance and science. It can broaden stakeholder engagement at the local level to include civil society and other
parties that could improve country ownership and improve eﬀectiveness of climate action [10,37]. Global mechanisms need to use objective
criteria to prioritize investments and actions and vulnerability assessments will remain an important tool to do so.
In addition to the two tiers proposed here, parallel but separate
analyses of costs of action including technical, social and economic
factors should be conducted at multiple scales. There are enormous
gaps in terms of ﬁnance, technology, and knowledge for adaptation
-particularly in developing countries- [59], but a detailed estimate of
investment needs for coastal populations is lacking. Vulnerability and
impact assessments are not suﬃcient to identify and appraise actions to
respond to climate change [57]. The combination of the two-tiered
approach and analyses of costs of action should provide necessary information for informed climate investment and action.
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