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Abstract Equity and efficiency should be considered when allocating resources for climate
change adaptation. More than a decade after the Least Developed Countries Fund approved
adaptation funds for 18 countries in 2003, it is possible to take the stock of investment data and
to test empirically whether equity and efficiency have been factored into adaptation investment
decision-making. To evaluate equity, one must determine if resources were distributed to areas
of greatest need. Vulnerability assessments provide information on the global distribution of the
need for adaptation. To evaluate efficiency, one must compare cost and benefit of an investment.
Although it is difficult to assess ex-ante the cost and benefit of investment strategies, it is
possible to measure efficient use of expenditures with readiness assessment, as a metric of
capacity to deploy adaptation resources. We used vulnerability and readiness measures of the
Notre Dame Global Adaptation Initiative (ND-GAIN) Country Index as proxies of equity and
efficiency. This article quantitatively interrogates—through the lens of public fund allocation—
the roles of vulnerability and readiness in shaping adaptation investment decisions. Our
findings suggest that countries facing increasing impacts from climate change have received
more adaptation investments from international sources than countries with less vulnerability.
Further, international investments also preferentially flow to countries that are more
ready to deploy adaptation resources. Since the most vulnerable countries are likely to
be less ready for investment, our findings support the efforts to improve the investment
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potential of the most vulnerable countries by investing first to enhance their readiness, in
order to unlock adaptation solutions.
Keywords Adaptation Investment . Assessment . Climate change . Readiness . vulnerability

1 Introduction and background
Substantial climate change over the next several decades is highly likely even with marked
reductions in greenhouse gas emissions (IPCC WGI SPM 2013). A changing climate is projected
to increase climate-related natural disasters (IPCC SREX SPM 2012), increase costs for businesses (Margulis et al. 2011; Surminski 2013), alter patterns of food production (Wheeler and Von
Braun 2013; Lesk et al. 2016), change the types, frequencies, and locations of infectious diseases
(Lindgren et al. 2012; WHO 2014), and generally threaten lives and livelihoods around the world
(IPCC WGII SPM 2014). Thus, creating strategies to make countries and communities more
climate-resilient and finding ways to effectively support and prioritize adaptation to climate
change (hereafter Badaptation^) have become important goals (COP13 2007; COP21 2015).
Adaptation is the process of adjusting to a changing climate (IPCC WGII Glossary 2014), a
process that comes with a range of costs and a need for financial investment from the public
and private sectors (Economics of Climate Adaptation Working Group 2009; UNEP 2016).
Equity and efficiency have been considered important criteria that shape decisions of where
and how to finance adaptation actions (Aakre and Rübbelke 2010; Barr et al. 2010; Persson
and Remling 2014; Remling and Persson 2015).
From an equity point of view, investment must be directed to locations where the impacts
from climate change are projected to be larger, in other words, where adaptation finance is
more critical (e.g., Paavola and Adger 2006; Grasso 2010; Barr et al. 2010) . Vulnerability
reflects the propensity or predisposition of human societies to be negatively affected by climate
hazards (IPCC WGII Glossary 2014). In practice, climate change vulnerability assessment has
already been used to guide investment for adaptation actions (e.g., Feenstra et al. 1998;
Metzger 2005; Cruce 2009; Oregon Department of Transportation 2014).
From an efficiency point of view, investment must be directed where resources could yield
more benefits for each unit of cost (Mendelsohn 2000; Aakre and Rübbelke 2010). The direct
evaluation of costs and benefits is usually difficult ex-ante, however, due to uncertainty of
climate impacts and low comparability across projects and entities (Persson and Remling
2014). Yet, it is possible to anticipate an efficient use of the investment by examining the
capacities that help put resources to good use for adaptation, something we call Breadiness.^
Readiness has recently been conceptualized as capacity to plan for, access, deliver, and monitor
and report on adaptation funds (Vandeweerd et al. 2012). Based on this concept of readiness, global
adaptation financing entities, including Adaptation Fund (AF) and Green Climate Fund (GCF),
started Readiness Programme to fund preparatory activities that help developing countries to better
receive and manage the funds (AF 2014; GCF 2015), mainly to enhance institutional capacities for
receiving and using adaptation funds. We attempt to conceptualize readiness, however, related to a
suite of capacities beyond institutional capacities and for both public and private finance. There is not
a well-developed literature for measuring readiness in a broader sense, but similar concepts have
been used in relation to investment and development aid. For example, one measure of investment
readiness used by the European Commission (EC) seeks to measure the ability of small and medium
businesses to make use of external finance. EC’s readiness measure includes the ability to
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create a competitive investment climate, to provide appropriate structures and relevant information
for investors, and to create investors’ confidence (European Commission 2006). A second example
is the Country Policy and Institutional Assessment (CPIA) measure, which assesses key policy and
institutional elements within a country’s control that will allow it to use development assistance
efficiently (IDA 2007). A third example is absorptive capacity, reflecting organizational features that
accelerate the internalization of acquired knowledge and information (Zahra and George 2002). The
concept of absorptive capacity has been adopted by studies on foreign direct investment (FDI), to
represent a range of processes that enhance the use of external investment (Girma 2005). Drawing
on these examples, our readiness measure has three key components to assess how ready a locality is
to make efficient use of adaptation investment: (1) sound investment environments, (2) strong
institutional supports, and (3) potent absorptive capacities.
While theories and practices of strategizing adaptation investment decisions are being
advanced, there is little evidence whether existing investment has considered equity and
efficiency. More than a decade after the Least Developed Countries Fund approved $4 million
or so for adaptation projects in 18 countries, it is now possible to test whether vulnerability and
readiness are predictors of the adaptation investments already in place (UN FCCC 2004). This
article quantitatively interrogates—through the lens of public fund allocation—the roles of
vulnerability and readiness in shaping adaptation investment decisions. We additionally discuss
and critically appraise global patterns of the investment in order to inform strategies for global
investment decision makers. We use the metrics in the Country Index of the Notre Dame Global
Adaptation Initiative (ND-GAIN) to measure vulnerability and readiness at the country level.

2 Methods
Based on a survey of the literature on vulnerability and readiness assessments, in our Country
Index framework, we defined vulnerability as a function of three components: exposure,
sensitivity, and adaptive capacity (Table 4 in Appendix 1), recognizing that a more recent
thinking suggests that exposure may be treated separately from vulnerability per se (IPCC
WGII SPM 2014). Our framework conceptualizes vulnerability across six sectors that reflect
key aspects of human lives and livelihoods: (1) food, (2) water, (3) health, (4) ecosystem
services, (5) human habitat, and (6) infrastructure. For readiness, our Index assesses the
capacity to efficiently deploy adaptation investment regardless of sources, by three components: (1) economic readiness, reflecting the business environments that make a society
attractive for investment; (2) governance readiness, reflecting the institutional and governance
supports that help investment grow without major interruption; and (3) social readiness,
reflecting the social capacities that facilitate the effective use of investment (Table 5 in
Appendix 1).
Our Country Index framework is composed of 45 indicators in total for the sectors and
components above. These indicators quantify different aspects of both vulnerability and
readiness (Tables 6 and 7 in Appendix 2). The Index scores vulnerability and readiness for
180 of the 193 UN countries from 1995 to 2014, following the formula:
1 X
Sectori score
Vulnerability score ¼ *
i
6
1 X
Readiness score ¼ *
Component j score
j
3
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Vulnerability and readiness scores range from 0 to 1, with 1 representing the most
vulnerable and the most ready cases. Sector and component scores are computed by aggregating standardized indicator scores. This standardization followed a Bproximity-to-reference
value^ approach that first identifies upper and lower reference values for each indicator and,
second, scales each indicator to a 0–1 range proportional to the distance from the reference
value. Reference values were identified in two ways. First, we adopted existing, well-accepted
goals for the indicators of social service access or the indicators that are development goals
themselves. For example, the reference value for the sanitation access indicator is 100%
(United Nations 2015) and that for fixed broadband Internet subscription is 60%
(International Telecommunication Union 2013). Second, for other indicators without accepted
goals, we used the data on the best performing country or countries as reference value for each
indicator to reflect the lowest degree of exposure or sensitivity or the highest adaptive capacity
and readiness. However, whenever possible extreme outliers result in highly skewed scores,
we used the 10th or the 90th percentile values.
We selected two country-level investment variables as outcome variables. The first variable
was acquired from Climate Funds Update (CFU), a joint initiative of the Heinrich Böll Stiftung
and the Overseas Development Institute, to track the climate finance flow including the funds
for adaptation. CFU systemically records information of each approved investment, including
the recipient country, the year when investment decision was made, and the dollar amount of
the investment (Climate Funds Update 2016, http://www.climatefundsupdate.org/about/datafigures-notes). These investments are public funds approved by multinational donors and
multilateral or bilateral agencies since 2003. The CFU reports both the approved and
disbursed amounts, and we used the approved amount to reflect the investment decisions.
We excluded the investments that fund regional projects, focusing on the investment decisions
for explicit individual countries.
The CFU dataset covers international investment flows to developing countries, or nonAnnex I countries, while developed countries predominately rely on domestic financial
resources for adaptation (OECD 2015). To include both developed and developing countries
as well as to capture adaptation investment made domestically, we selected a second outcome
variable, the Adaptation Initiative Index (AII) developed by Tracking Adaptation to Climate
Change Consortium (TRAC3). TRAC3 counted the number of country-level adaptation
initiatives documented in national reporting to the United Nations Framework of Convention
on Climate Change through the National Communications (Berrang-Ford et al. 2014;
Lesnikowski et al. 2015; Lesnikowski et al. 2016). AII breaks down adaptation initiatives
into groundwork, those actions that are critical for informing climate change risks and
preparing for adaptation, and adaptation, those actions that aim to tangibly reduce climate
vulnerability. TRAC3 took data from 2008 to 2012 for AII with a global coverage. We used
AII’s adaptation score (ranging from 0 to 19) in our analysis as a proxy of the scale of the
domestic investment, given that countries that have scored higher in AII adaptation have more
implemented and thus funded adaptation initiatives. The next step is to model the two outcome
variables separately (called BCFU model^ and BAII model^ hereinafter), using vulnerability
and readiness measures as core predictor variables.
We split the measure of vulnerability in the ND-GAIN Country Index into projected
biophysical climate vulnerability and current social vulnerability (Cutter et al. 2012), to
differentiate the sources of vulnerability. The Country Index’s exposure score measures the
degree to which the future climate change is projected to affect a country’s life-supporting
sectors according to climate projections and impact models (Chen et al. 2015). We quantified
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the social vulnerability by averaging the score of the sensitivity measure and the score of the
adaptive capacity measure.
Other than the vulnerability and readiness measures, we included two other groups of measures
as control variables (Table 1). First, we included a country’s experience in past climate disasters,
assuming that the assessment of needs for adapting to future climate takes into account the
experience from historical events. Both literature and adaptation practice have called for integration
of disaster risk management and adaptation (e.g., Thomalla et al. 2006; Mercer 2010; Hay 2012;
IPCC SREX SPM 2012). And there is opportunity to create synergies in international finance for
both (IPCC SREX SPM 2012). So we hypothesize that the frequency and the impact of disaster
events under the current climate may influence adaptation investment. Two variables were chosen
for this group. One measures the number of disasters as a proxy of the degree to which a country
has been prone to these disasters. The data was collected from The International Disasters Database
(EMDAT), which reports the occurrence of a range of nature disasters since 1900. We focused on
climate disasters from 1985, including drought, extreme temperature, flood, storm, and wildfire,
and we aggregated the number of occurrence for each type of climate disasters. Another variable is
Germanwatch’s Climate Risk Index (CRI), which was used as a proxy of the overall risks of the
major climate disasters in the past. CRI scores countries according to the material and human losses
from weather-related events. Countries that have been less affected by the recorded events have
higher scores. The second group of control variables summarizes the country resources, which
could be lacking in less developed countries for adaptation. Adaptation finance is called to be
mainstreamed with development assistance (Schipper 2007; Stockholm Environment Institute
2008; Klein 2010) and has in practice been partly channeled through development agencies
Table 1 Variables included in the models of adaptation investment
Variables

Date for the
CFU model

Date for the
AII model

Data source

Dependent (outcome) variables
Adaptation investment
Amount of approved investment from multilateral,
bilateral, and multinational donors (CFU)
AII adaptation score

2003–2014

CFU
2008–2012

TRAC3

Core-independent (predictor) variables
Climate change vulnerability
Future biophysical vulnerability score

After 2020

After 2020

Social vulnerability score

2003–2014

2008–2012

ND-GAIN

2003–2014

2008–2012

ND-GAIN

No. of occurrence of climate disasters

1985–2003

1985–2008

EMDAT

Global Climate Risk Index score

1991–2010

1991–2010

Germanwatch

GDP, PPP (current international $)

2003–2014

2008–2012

World

Population, total

2003–2014

2008–2012

Development

GNI per capita, PPP (current international $)

2003–2014

2008–2012

Indicators

Adaptation investment readiness
Readiness score
Control variables
Historical climate disaster events

Economic resources
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according to recent studies (e.g., Donner et al. 2016; Mostafa et al. 2016). So we
hypothesize that country resources could be important factors when making adaptation
investment decisions. We used country size (population), economy size (Gross Domestic Production), and the economic development status(Gross Net Income per
capita) as three control variables to represent country resources (Berrang-Ford et al.
2011; Lesnikowski et al. 2013). These data were collected from the World Development Indicators.
While both two predictors need to be retained for the purpose of this paper, to avoid
collinearity among the control variables, we examined the correlation of pairs of proposed
variables to decide the inclusion of them in the model. We excluded those that have strong and
significant correlation with other controls (r > 0.5 and p < 0.1) and retained three for inclusion
in the model: CRI, total population, and GNI per capita. Tables 8 and 9 (Appendix 3) shows
the correlation results.
We systematically modeled the two adaptation investment variables by first examining the
unadjusted effects for each predictor variable, one at a time, and second including all the
control variables. Ordinary linear regression was used for the CFU model. To model the AII
variable that includes count data, we used generalized linear regression assuming a Poisson
distribution.

3 Results
To understand the roles that vulnerability and readiness have played in shaping investment
decisions, we first examined the relationship between the two. As readiness is a measure of the
capacities to use adaptation investment, would higher readiness yield more benefit in terms of
vulnerability reduction? We examined the 20-year average readiness scores from 1995 to 2014
and the changes in vulnerability score over the same period of time (Fig. 1). Overall, countries
with higher average readiness scores tend to have more reduction in vulnerability over time.
This is especially the case for countries with lower development status. Specifically, the
correlation between readiness and vulnerability reduction is statistically significant for
lower-income countries (composed of lower-middle income and low-income countries according to the classification of country incomes, World Bank 2016) (r = −0.25, n = 79, p < 0.001),
but not higher-income countries (Fig. 1). It may be because higher-income countries have
already in a lower level of vulnerability compared to the rest of the world so low-hanging fruits
may have already been taken and the further reduction in vulnerability becomes harder
(Hallegatte et al. 2016).
We then built two models based on the two dependent variables, AII’s adaptation score and
the approved international adaptation investments according to CFU. The AII model highlights
the roles of resources and capacities in making decisions about domestic adaptation investment. This can be seen from two observations by the results in Table 2. First, investment
decreases as social vulnerability score increases or readiness score decreases. Social vulnerability is a strong and significant predictor when GNI per capita, a measure of economic
development status, is controlled (model 2 vs. model 6 and model 8, Table 2), and the effect
of development becomes insignificant when social vulnerability is included in the model
(model 4 vs. model 6 and model 8, Table 2). In the full model (model 8, Table 2), a 0.1-point
increase of social vulnerability score results in about 20% reduction (exp(0.1813) = 1.199) of
the number of reported adaptation initiatives, a proxy of the decrease in investment. Similarly,
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Fig. 1 Average readiness and the change of vulnerability (delta value), from 1995 to 2014; each dot represents
one country. The countries are grouped according to the relative economic development status: (1) higher-income
group composed of high-income countries and upper middle income countries and (2) lower-income group
composed of low-income and lower-middle income countries according to the World Bank (2016) (data source:
Notre Dame Global Adaptation Initiative)

the effect of readiness is strong and significant regardless of the inclusion of development in
the model (model 3 vs. model 7 and model 8, Table 2), but the significant effect of
development (model 4, Table 2) disappears when readiness is in the model (model 7 and
model 8, Table 2). In the full model (model 8, Table 2), a 0.1-point increase of the readiness
score results in a 15.1% increase (exp(0.1407) = 1.151) of the investment. Second, the proxies
of the adaptation needs are not significant in the model. Biophysical vulnerability score does
not show to be a stable predictor in the model (model 1 vs. model 5 vs. model 8, Table 2), and
CRI is statistically insignificant in all models (models 4–8, Table 2). These two observations
suggest that what have driven domestic adaptation investment are mainly resources and
capacities, more than the needs for adaptation.
The CFU model shows that both vulnerability and readiness are strong predictors of the
investment decisions that have been made internationally (Table 3). First, we found that the
investment for adaptation increases with biophysical vulnerability (Tables 4, 5, 6, 7, 8, and 9).
The effect of this variable is fairly consistent between the unadjusted model and the multivariate models (model 1 vs. model 5 and model 8, Table 3). In the full model (model 8, Table 3),
keeping other independent variables constant, for each 0.1 points the biophysical vulnerability
score increases and adaptation investment increases by 38.7% (exp(0.3275) = 1.387). Second,
we found that the effect of social vulnerability varies between the unadjusted and the
multivariate models (model 2 vs. model 6 and model 8, Table 3). Even though social
vulnerability is a significant predictor in model 2 (Table 3), when development status is
included, the effect disappears (model 6 and model 8, Table 3). Thus, social vulnerability is
a significant predictor alone but not when development is included in the model. Considering
that countries socially less vulnerable are generally more developed, our result suggests that
poorer countries receive more global funding than richer countries; however, for two countries

Multivariate model

1.305****
(0.000)
116
511.2

−0.118
(0.876)

1.930****
(0.000)
116
491.9

−1.679****
(0.000)

0.681****
(0.000)
113
481.7

1.101****
(0.000)
−0.00224
(0.141)
0.153***
(0.004)
0.0236
(0.436)
−0.776
(0.430)
109
476.3

0.0176
(0.560)
−0.0383
(0.956)
109
472.7

0.923
(0.297)

Model 5 (future
biophysical vulnerability
+ historic disasters
+ development +
population)

−0.00207
(0.174)
0.129***
(0.007)

Model 3
Model 4 (historic
Model 1 (future Model 2
(readiness) disasters +
(social
biophysical
development +
vulnerability)
vulnerability)
population)

*p < 0.10; **p < 0.05; ***p < 0.01; ****p < 0.001

p Values in parentheses

Observations
Bayesian information
criterion

Control variables
Climate Risk
Index score
Gross national
income per
capita (log)
Total population
(log)
Constant

Core independent
(predictor) variables
Biophysical
vulnerability score
Social vulnerability
score
Readiness score

Dependent
(outcome)
variable: AII’s
Adaptation score

Unadjusted model

−0.00159
(0.304)
−0.0468
(0.581)
0.0226
(0.459)
0.799
(0.299)
109
471.2

−0.0163
(0.638)
2.589*
(0.079)
109
473.3

1.308**
(0.013)

Model 7 (readiness
+ historic disasters
+ development
+ population)

−0.00109
(0.495)
−0.0307
(0.740)

−1.656**
(0.044)

Model 6 (social
vulnerability +
historic disasters
+ development
+ population)

Table 2 Modeling adaptation investment (the AII model. Outcome variable: adaptation score, Adaptation Initiative Index 2008–2012)

0.00144
(0.967)
1.609
(0.285)
109
472.5

−0.000962
(0.546)
−0.160
(0.121)

2.641***
(0.009)
−1.813*
(0.059)
1.407**
(0.015)

Model 8 (full model:
future biophysical
vulnerability +
social vulnerability
+ readiness +
historic disasters
+ development
+ population)
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that are equally poor, countries with more social vulnerability to climate change do not receive
more funding than those that are less vulnerable. Third, readiness (model 3 vs. model 7 and
model 8, Table 3) is a significant predictor (model 3, Table 3). When controlling for GNI per
capita, the sign of coefficient changes from negative in model 3 (Table 3) to positive in model
7 (Table 3). Considering that more ready countries are generally more developed, our result
suggests that poor countries receive more global funding than richer countries. But when
development status is the same, who is more ready receives more funding. In the full model
(model 8, Table 3), a 0.1-point increase of the readiness score implies a 36.8% increase
(exp(0.3137) = 1.368) in the amount of investment.

4 Discussion
While the international communities have pledged more resources to support adaptation
actions, there is little known so far on how the investments previously have been made for
adaptation. As it is deemed proper that adaptation investment should be equitable and efficient,
it is especially important to understand if investments made in the past have factored equity
and efficiency into the decision-making. Provision of empirical evidence has been limited by
data availability and due to lack of appropriate proxies of equity and efficiency. The ND-GAIN
Country Index’s vulnerability and readiness measures were employed in this paper to explore
the patterns of adaptation investment. Our analysis suggests that both equity and efficiency
have shaped the adaptation investment decisions made internationally.
The available international investment datasets (CFU data) allow an analysis of the
investment from public sectors. The AII and CFU models both suggest that readiness, an
assessment of investment efficiency, is a strong predictor of investment in both developing and
developed countries. Higher readiness is associated with higher investment amount. Also,
social vulnerability is statistically a significant predictor in the AII model, but negatively
correlated with the amount of domestic adaptation initiatives, the proxy of domestic adaptation
investment in our analysis, suggesting that less vulnerable countries invest more on adaptation.
This sounds counterintuitive, as less vulnerable countries are likely to have less need to adapt.
And the degree to which countries will be and have been exposed to climate risks are not a
strong predictor based on the AII model, further demonstrating that the investment for
domestic adaptation may less be a function of needs but more of a function of resources and
capacities. Low vulnerability is indicative of less need for adaptation, but it is also an
indication of high capacity at present that enables more cost-intensive adaptation actions,
including further organizational developments, further improvement of public awareness and
outreach, more surveillance and monitoring of activities, and so forth (Lesnikowski et al.
2015). Therefore, the AII model shows the significance of countries’ own capacities and
resources for investing on adaptation initiatives. Usually more developed countries are likely
to have more of these capacities and resources, generated by economic development to
enhance resilience to many different stressors including those arising from climate change
(e.g., Adger et al. 2003; Agrawala 2004; Bird and Glennie 2011; Inderberg et al. 2015).
This highlights the importance of equity when allocating investment internationally, to
provide support for vulnerable countries that lack resources of their own. The CFU model
shows that equity is indeed taken into consideration when making global investment decisions.
We found that the international investments have been targeted to help the countries that are
likely to suffer more biophysical impacts from climate change and also targeted to those

7.713****
(0.000)
111
0.038
330.4

8.173****
(0.000)
112
0.086
326.8

2.488***
(0.001)

*p < 0.10; **p < 0.05; ***p < 0.01; ****p < 0.001

p Values in parentheses

Observations
Adjusted R2
Bayesian information
criterion

Constant

Gross national income
per capita (log)
Total population (log)

Control variables
Climate Risk Index score

Readiness score

Multivariate model

−0.00926****
(0.000)
−0.616****
(0.000)
−0.0210
(0.610)
10.44**** 15.76****
(0.000)
(0.000)
109
108
0.044
0.346
325.3
289.8

−2.554**
(0.016)

Model 4 (historic
Model 1 (future Model 2 (social Model 3
vulnerability)
(readiness) disasters +
biophysical
development
vulnerability)
+ population)

Core independent (predictor) variables
Biophysical
3.586**
vulnerability score
(0.023)
Social vulnerability score

Dependent
(outcome) variable:
amount of approved
investment from
multilateral, bilateral,
and multinational
donors (CFU)

Unadjusted model

−0.00936****
(0.000)
−0.572****
(0.000)
−0.000436
(0.992)
13.67****
(0.000)
107
0.366
288.1

2.837*
(0.053)

Model 5 (future
biophysical
vulnerability
+ historic disasters
+ development +
population)

−0.00911****
(0.000)
−0.679****
(0.000)
−0.0320
(0.503)
16.75****
(0.000)
108
0.341
294.2

−0.578
(0.646)

Model 6 (social
vulnerability
+ historic
disasters +
development
+ population)

Table 3 Modeling adaptation investment (the CFU model. Outcome variable: international adaptation funds approved 2003–2014)

−0.00822****
(0.000)
−0.801****
(0.000)
−0.00423
(0.923)
16.02****
(0.000)
107
0.364
288.6

2.566*
(0.067)

Model 7 (readiness
+ historic disasters
+ development
+ population)

−0.00815****
(0.000)
−0.757****
(0.000)
0.0381
(0.492)
13.00****
(0.000)
107
0.383
292.4

3.275**
(0.026)
0.250
(0.854)
3.137**
(0.042)

Model 8 (full
model: future
biophysical vulnerability
+ social vulnerability
+ readiness + historic
disasters + development
+ population)
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countries that are more economically disadvantaged and thus less self-sufficient to support
adaptation.
However, vulnerable countries tend to be also less ready according to ND-GAIN’s
Vulnerability-Readiness Matrix (ND-GAIN 2015, also see Appendix 4). Notably, these
countries are concentrated in Sub-Saharan Africa and South Asia where there are
more least developed countries than other regions of the world. These countries are
likely to endure significant human suffering under climate change, unless funding
moves quickly to improve the ability to adapt. However, because of low readiness, the
investment made there may not be highly efficient, which could inhibit the inflow of
adaptation funds that strive to meet the balanced investment goals to be both equitable
and efficient. All the other countries in the Matrix (ND-GAIN 2015, also see
Appendix 4) are either in a more favorable condition to attract public funds or even
private sector investment due to high readiness (upper-right quadrant), not urgently
need resources for adaptation because of low vulnerability (lower-left quadrant), or are
self-sufficient enough to generate resources internally to support needed adaptation
actions (lower-right quadrant). What should be done for the first group of countries to
eventually mobilize resources and reduce vulnerability to climate change?
Given the relationship between readiness and vulnerability reduction (Fig. 1),
capacity building to enhance readiness can be a key to unlock adaptation solutions,
especially for economically less advantaged and climatically more vulnerable countries. Our results suggest the importance of providing support that helps to strengthen
readiness, preceding or in parallel with investing in adaptation, a step taken by many
global funders (e.g., GIZ 2013; AF 2014; CIF 2015; GCF 2015). Even though the
readiness conceptualized here is a more comprehensive measure than these programs,
investing to enhance the efficiency of adaptation is an important move as the world
allocates funding for vulnerability reduction.
Our findings highlight the roles of vulnerability and readiness as predictors of international
adaptation investment decisions. Because equity and efficiency are both taken into account
when investing on adaptation at a global scale, as we found, the efficiency consideration may
be a barrier for the most vulnerable, yet least ready countries to get financial resources that are
needed. Our findings explicitly support the global efforts to improve the investability of the
most vulnerable country groups by investing first to enhance their readiness.
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Appendix 1. Literature review for vulnerability and readiness assessments

Table 4 Methodologies for quantifying the components of vulnerability
Component Definition in the NDGAIN framework
of
vulnerability

Quantification
methodologies

Exposure

Using recent historical The use of historical
data provides a
data to describe the
rapid assessment of
exposure to the
the current climate
current hazards
stresses, but not
applicable to
measure the future
climate conditions
for a
forward-looking
framework.
Temperature,
Using projections of
precipitation, and
future climates from
other climate
climate models
projections provide
a general indication
of future climate
conditions;
however, they do
not provide direct
estimates of the
climate impacts on
human societies.
Estimating the future Sectoral-specific
measures estimate
hazard in various
the physical
sectors, using
impacts of climate
statistical or
change on human
mathematical
societies. However,
models.
data and models are
not universally
available for all
sectors of a society.

Sensitivity

The extent to which
human society and
its supporting
sectors are stressed
by the future
changing climate
conditions (Adger
2006; Cutter et al.
2012). Exposure in
the Index captures
the physical factors
external to the system that contribute
to vulnerability
(Füssel 2005).

Measuring the degree
The degree to which
of dependency on
people and the
sectors that are
sectors they depend
climate-sensitive
upon are affected
by climate related
perturbations (Smit
et al. 2000; Kelly
and Adger 2000;

Features of
methodology

A livelihood-centered
measure, the sensitivity assessment
following this
methodology reflects how livelihoods in a society

Examples

Krishnamurthy et al.
(2014); Kreft et al.
(2015)

Yohe et al. (2006);
Nogués-Bravo et al.
(2007); Allison
et al. (2009)

Statistical modeling:
Lobell and Burke
(2010); Wheeler
(2011); Hajat et al.
(2014)
Mathematical
modeling:
Vörösmarty et al.
(2000); Sullivan and
Meigh (2005);
Thow and De Blois
(2008); DARA and
Climate Vulnerable
Forum (2012);
Young et al. (2015);
Balica et al. (2012);
Suk et al.(2014)
O’Brien et al. (2004);
Allison et al.
(2009); Cinner et al.
(2012)
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Table 4 (continued)
Component Definition in the NDGAIN framework
of
vulnerability
Füssel 2005; Adger
2006)

Adaptive
capacity

The ability of society
and its supporting
sectors to adjust to
reduce potential
damage and to
respond to the
negative
consequences of
climate events
(Yohe and Tol
2002; Brooks and
Adger 2005;
Brooks et al. 2005;
Smit and Wandel
2006; Preston et al.
2009)

Quantification
methodologies

Features of
methodology

are sensitive to climate perturbations.
Measuring proportion A population-centered
measure, the sensiof populations
tivity assessment
sensitive to climate
following this
hazard due to
methodology refactors such as
flects how populatopography and
tions in a society are
demography
sensitive to climate
perturbations.
Measuring contextual This method assesses
resources available
capacity that
in a society for
reflects the
adaptation
socioeconomic
including human
conditions that
and social capital,
enable human
financial resources,
societies to deal
institutional
with climate change
capacity, and access
impacts
to energy,
information, and
social networks.
This method assesses
Measuring specific
current capacities
capacity that
that a society has to
reflects a collection
cope with climate
of means, readily
deployable to deal
pressures for
with sector-specific
specific sectors,
climate change imeither by
pacts
individuals or by
regional, national,
and international
actors.
Mix of the contextual A mix of measures that
captures both the
measure and
specific capacities
specific measure
and the general
socioeconomic
conditions that
enable a society to
take on specific
actions to address
climate change
impacts for different
sectors.

Examples

Adger et al. (2004);
Schewe et al.
(2014)

Adger et al. (2004);
Twomlow et al.
(2008); Kates et al.
(2012)

Butt et al. (2005);
Naylor et al. (2007);
Tubiello and
Rosenzweig (2008);
Meza et al. (2008);
(Mutekwa 2009);
Deressa et al.
(2009); Lindner
et al. (2010); Piao
et al. (2010)
Brenkert and Malone
(2005); Yohe et al.
(2006); Allison
et al. (2009);
ESPON Climate
(2011);
Aversano-Dearborn
et al. (2011); Engle
(2011);
Krishnamurthy
et al. (2014)
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Appendix 2. Summarizing ND-GAIN country index metrics
Table 5 Methodologies for quantifying the components of readiness
Component
of readiness

Definition in the NDGAIN framework

Quantification
methodologies used in
the index framework

Features of the
methodology

Examples

Economic
readiness

The business
environment that
facilitates
mobilizing capitals

The Ease of Doing
Business Index, to
evaluate quality of
business regulation

Economic Freedom
Index (Heritage
Foundation, 2016);
Mina (2007); Flamini
et al. (2009);
Klapper and Love
(2010)

Governance
readiness

The survey-based
evaluation system
scores the business
regulations applied
to different stages
of business life
cycle, based on the
degree to which
regulation eases or
burdens business
operation.
The scoring of
governance
capacities
synthesizes
hundreds of
existing variables
and data including
CPIA. These data
reflect views on
governance from
experts worldwide
in public and
private sectors, as
well as from NGO.

Ocean Health Index
The Worldwide
The stability of the
(Halpern et al.
Governance
society and
2012);
Indicators, to
institutional
(Barr et al. 2010);
evaluate the
arrangements that
(Buchanan et al.
capacities of
contribute to the
2012)
governance as part
investment risks. A
of the business
stable country with
environment
high governance
assessment
capacity reassures
investors that the
invested capitals
could grow under
the help of
responsive public
services and
without significant
interruption
Social conditions that Indicators that reflect
Indicators to measure Addison and
help society to
Heshmati (2003);
social readiness are
quality of human
make efficient and
Blömstrom and
proxies for key
capital, degree of
equitable (Barr
Kokko (2003);
features of a society
social equity,
et al. 2010) use of
Barr et al. (2010);
that strengthen
innovation capacity,
Farole and Winkler
capacities to absorb
and infrastructure for
investment and
(2012)
investment and
learning and
yield more benefit
generate positive
information access,
from the investment
impacts
to evaluate the social
conditions under
which investment
can make more
positive impacts

Social
readiness
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Table 6 Rationale of the vulnerability indicators in ND-GAIN Country Index
Sectors of
which
vulnerability
is measured

Exposure measures

Sensitivity measures

Adaptive capacity
measures

Food (6
indicators)

Impacts of changing climate
on food supply, and the
challenge to meet the
growing food demand
Impacts of changing climate
on the changing supply of
freshwater
Impacts of changing climate
on infectious diseases

The degree to which a society and
its population are sensitive to
the declining food production
and food market volatility
The degree to which a society and
its economy are sensitive to the
scarcity of freshwater supply
The degree to which a society and
its population are sensitive to
public health crisis
The degree to which a society and
its economy are sensitive to the
loss of natural capital and
ecological assets
The degree to which a society and
its population are sensitive to
the negative impact of extreme
weather events
The degree to which a society and
its population are sensitive to
coastal hazards and energy
market volatility

Capacities to provide food
security for its
population

Water (6
indicators)
Health (6
indicators)
Ecosystem
service (6
indicators)

Impacts of changing climate
on biodiversity

Human
habitat (6
indicators)

Impacts of changing climate
on magnitude of extreme
weather

Infrastructure
(6
indicators)

Impacts of changing climate
on infrastructural capacity

Capacities to reduce the
impact of water scarcity
on water security
Capacities to provide
public health-related
services
Capacities to protect
ecosystem and
biodiversity under
stresses
Capacities to maintain the
normal functions of
human society in facing
extreme weather
Capacities to mitigate the
impact of climate
extremes on standing
infrastructure

Table 7 Rationale of readiness indicators in ND-GAIN Country Index
Components of Indicators
readiness
measure

Rationale

Economic
readiness (1
indicator)

Ease of Doing Business Index (DB), composed DB index is a proxy of the quality of
of 10 sub-indices
business regulation (Djankov et al. 2004).
Countries with easy and flexible environment ensure smooth operations of business therefore attract investment. The
index therefore provides support for adaptation investment decisions.

Governance
readiness (4
indicators)

Worldwide Governance Indicators (WGI)

Social
readiness (4
indicators)

A proxy of human capital, measured by tertiary Human capital is an important contributor to
the absorptive capacity of external
education enrollment (World Development
investment (Borensztein et al. 1998). TerIndicators)
tiary education is particularly considered

WGI provide proxies to capture institutional
and governance capacities (Kaufmann
et al. 2011). Countries scored high by
WGI have good performance in policies
and institutional arrangements. They can
provide investors a safe, transparent, and
appropriately regulated system to use adaptation investment and support adaptation actions.
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Table 7 (continued)
Components of Indicators
readiness
measure

Rationale

significant in building up adaptive
capacities, more than primary and secondary educations (Tol and Yohe 2007).
A proxy of social inequality, measured by the Incremental adaptation investment is more
likely safeguard the interest of the most
share of the country’s poorest people in
marginalized, who are also the more
national income or consumption (Millennium
disadvantaged group when confronting
Development Goals)
with the adverse effect of climate change
(Tol et al. 2004). Therefore, the use of
adaptation investment is likely to generate
more benefit in society with higher degree
of equity.
A proxy of innovation capacity, measured by
patent registration (World Development
Indicators)

A society with more innovation capacity is
likely to use adaptation investment
efficiently, because research and
technology are necessary to define
adaptation solutions (Smit and Skinner
2002).

ICT infrastructure guarantees the fast
A proxy of information and communication
delivery of information needed for
technology (ICT), measured by ICT access
actions. A society with more convenient
and usage (International Telecommunication
access to and more extensive use of ICT
Union)
infrastructures makes the use of adaptation
investment more efficient, as it enables
knowledge integration for key ingredients
of adaptive capacity (Pant and Heeks
2012).

Appendix 3. Correlation of the proposed control variables
Table 8 Correlation matrix of the proposed control variables for the CFU model
CFU model

No. of disaster
occurrence (excluded)

No. of disaster
occurrence
(excluded)

1

Climate Risk Index
(retained)

−0.3942 (0.0000)

1

GDP (excluded)
Population (retained)

0.8124 (0.0000)
0.8213 (0.0000)

GNI per capita
(retained)

0.1561 (0.1083)

−0.1794 (0.0607) 1
−0.2155 (0.0238) 0.8431
(0.0000)
−0.0090 (0.9263) 0.2027
(0.0345)

For data sources, see Table 1

Climate Risk
Index (retained)

GDP
Population
(excluded) (retained)

GNI per capita
(retained)

1

0.0370
(0.7026)

1
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Table 9 Correlation matrix of the proposed control variables for the AII model
AII model

No. of disaster
occurrence (excluded)

No. of disaster
occurrence
(excluded)
Climate Risk Index
(retained)
GDP (excluded)
Population (retained)

1

GNI per capita
(retained)

Climate Risk
Index (retained)

−0.3875 (0.0000)

1

0.8561 (0.0000)
0.6171 (0.0000)

−0.2249 (0.0182)
−0.2417 (0.0106)

0.2056 (0.0345)

0.1732 (0.0717)

GDP
Population
(excluded) (retained)

1
0.3422
(0.0002)
0.2880
(0.0022)

GNI per capita
(retained)

1
−0.0476
(0.6195)

1

For data sources, see Table 1

Appendix 4. ND-GAIN’s Vulnerability-Readiness Matrix
Figure 2 visualizes vulnerability and readiness scores in the Vulnerability-Readiness Matrix
(VRM) that illustrates a country’s position in a two-dimensional plane. The median vulnerability and readiness scores from 1995 to 2014 delineate four quadrants on the VRM. To
explore the spread of countries across the parameter space of the index, we plot all countries on
the VRM from the most recent data publication for the year 2014. The VRM shows that
countries with higher readiness tend to have lower vulnerability and vice versa.

Fig. 2 Vulnerability-Readiness Matrix, based on 2014 data. Each dot represents one country. The median
vulnerability and readiness scores from 1995 to 2014 delineate four quadrants on the matrix. Countries occupy
one of the four quadrants of the matrix according to their vulnerability and readiness scores. The countries are
grouped according to the geographic locations: (1) Sub-Saharan Africa; (2) South Asia; and (3) rest of the World
(data source: Notre Dame Global Adaptation Initiative)
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