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1. Introduction

Adaptation is a central part of the post-2012 ctanehange architecture. For least-
developed countries, which contribute little tovcdite change but are hardest hit by its
consequences, the adaptation debate is arguably ramvant than the question of
emissions targets.

The returns from successful adaptation are sulstariut so is the scale of
investment required. A recent World Bank estimatts phe funding requirements for
adequate adaptation in developing countries at1®bbillion a year (World Bank

2009a). Estimates by UNDP (2007) are of a similatleo of magnitude, while the

UNFCCC (2008) expects adaptation costs of $27-@libbia year in developing

countries and $44 — 166 billion a year worldwide (anderestimate, according to
Parry et al. 2009; see also Agrawala and Fankha2@@8 and Fankhauser 2010).
Fankhauser and Schmidt-Traub (2010) estimate tmate change will increase the
cost of meeting the Millennium Development Goal#inica from $70 billion a year

to $100 billion a year over the next decade.

It is widely agreed, and indeed enshrined in therf@work Convention on Climate
Change, that developing countries will need finahand technical assistance from
developed countries to help them implement appatgradaptation strategie8ut
the exact mechanisms through which this assistanoebe provided are still a matter
of debate.

At the risk of simplification, that debate ultimBtecomes down to two basic
guestions: how can additional adaptation financeais®d and who should receive the
additional funds. The need for extra funding itselfio longer disputetiThis paper is
about the second question — how additional adaptétinds should be allocatéd.

The allocation question is complex and pits ethemalsiderations of entitlement and
need against economic concerns like delivery afetfeness. Overlaying them are
institutional issues related to governance, ac@dility and the link to the prevailing
development aid framework. Adaptation and develagnage closely intertwined
(McGray et al. 2007, Klein and Persson 2008) ardcthordination between the two
financial flows is crucial. At the same time, adsjan finance has to be, and has to be
proven to be, additional to existing developmesisiance.

Given this complexity, and the potential magnituafethe flows involved, it is
important that the allocation process is teensparent, efficientand equitable as
possible. This in turn calls for a set of objectimed empirically measurable

! Article 4.4 of the UNFCCC states thatéveloped country Parties ...shall... assist the deiredo
country Parties that are particularly vulnerable ttoe adverse effects of climate change in meeting
costs of adaptation to those adverse effects

2 The Copenhagen Accord promises additional findmsisistance of $30 billion up to 2012, rising to
$100 billion a year by 2020. This is for both addipin and mitigation. (http://unfccc.int/resouracezd
/2009 /cop15/eng/l07.pdf)

% The question of potential sources of adaptatioarfce is discussed by Harmeling et al. (2009) and
Muller (2008).



benchmarks that can guide the allocation procekscation decisions will always be
based on judgement, and are to some extent pgliiaa objective data can help to
put them on a better analytical footing.

This paper argues that these benchmarks shoulceiteed around the concept of
vulnerability. It seems reasonable that countries gopulations groups within
countries) that are more vulnerable to climate geashould, all else equal, have a
stronger claim on adaptation resources. Thissis tle presumption of the UNFCCC,
which emphasizes assistance to “particularly vabky” countries (see footnote 1
above).

The practical difficulty with a vulnerability-drive indicator-based approach is that
vulnerability is difficult to define and measurej@ettively. Typically, vulnerability to
climate change is taken to be a functiomplbysical impactndadaptive capacitythat

is, the severity of change (which in turn is a fime of exposure and sensitivity) and
our ability to respond to ftNeither component is straightforward to quantéyd
little is known about the complicated pathways ttnahslate potential impacts into
vulnerability.

Vulnerability is also a dynamic concept and wilbexe over time, as socio-economic
characteristics change and climate change beconws pronounced. As such
vulnerability assessments must be iterative, hagéned time periods and be
reassessed under an allotted timeframe.

Another difficulty is aggregation. Even if the vaus aspects of vulnerability can be
identified and measured, they will have to be camegavith each other. For example,
should coastal flooding be a higher priority thhe toss of agricultural output? And
should the answer to this question depend on tladive income of farmers and
coastal dwellers and/or their ability to protecériselves? The process to answer
these questions cannot be “mechanistic”, based f@nnaula. It will be deliberative
and judgmental, but the judgments have to be basedbjective data.

Moreover, it is unlikely that vulnerability will béhe only allocation criteria. The
World Bank approach to the allocation of IDA resmas, for example, complements
measures of need with indicatorsioiplementation capacity that is, the ability to
manage and use finance effectively. We argue tiatcapacity to implement is as
important for adaptation as it is for developmesgistance. Adaptation funding will
be scarce and has to be used effectively.

A low implementation capacity should not disqualdy country from receiving

support. Fragile states, which are characterizedwaak institutions and low

implementation capacity are amongst the most valiiercountries to climate change.
However, insufficient implementation capacity wbint to the need for different
implementation arrangements, for example, the ceptent of budgetary support
with externally controlled project management.

This paper attempts to define a set of indicatbeg tan guide the allocation of
adaptation funding and meet the core criteria afidparency, efficiency and equity.

* Adaptive capacity is sometimes also referred tsoasal capacity (e.g., World Bank 2009b).



They are grouped around the three notionglofsical impact, adaptive capacity
(which together determine vulnerability) anidhplementation capacity(which
promotes adaptation effectiveness). There is ngthimque to this structure, and the
proposed indicators cannot answer all the questiwhsther practical or conceptual.
But they provide a starting point on which furtldescussions may be based.

The paper starts with a conceptual discussion amevi@w of earlier attempts to
guantify and measure vulnerability (section 2). tes 3 to 5 offer indicative
benchmarks for the three concepts at the corerohdicator system: physical impact,
adaptive capacity and implementation capacity.i®e@ discusses different methods
of aggregation and section 7 concludes.

2. Measuring vulnerability

Although well established in other academic fielith&e concept of vulnerability has
only recently entered into the climatic change deb®&roadly defined, ‘climatic
vulnerability’ refers to the degree to which a matuwr social system is likely to
experience damage or harm due as a result of dirdadnge (Fussel 2007). The
IPCC in its third Assessment Report (McCarthy eP8D1) defines vulnerability as:

“The degree to which a system is susceptible toumable to cope with, adverse
effects of climate, including climatic variabilitgnd extremes. Vulnerability is a
function of the character, magnitude, and rate lohate variation to which a system
is exposed, its sensitivity, and its adaptive cépdc

Climate change vulnerability can, therefore, bensa® a function of three elements:
exposure, sensitivity and adaptive capacity (Figlre Vulnerable systems are those
that are highly exposed, sensitive to change and laited ability to adapt.

Figure 1  Vulnerability and its components

a
Exposure
=  Ppotential
Impact
P P —
Sensitivity Vulnerability
Adaptive ¢
Capacity

Source:After Schréter (2004).
Notes: (a) defined as stimuli impacting upon a system, reprsste background climate
conditions within a system and any changes in ticoselitions;
(b) defined as the responsiveness of a system to eimfitiences, the degree to which
outputs change in response to changes in climatiats;
(c) defined as the ability of a system to transforralftso to be better equipped to deal with
the new external stimuli.

Measuring vulnerability is not an exact sciencecéttainty about future climate
change makes it difficult to determine physical aopwith precision, particularly at



the regional level. Multiple future scenarios amnplex causal relationships make
translating these impact uncertainties into humanarability even less clear.

There is nevertheless an emerging literature aimiog measure and assess
vulnerability. Studies addressing vulnerability diimate change tend to have their
origins in two different disciplines.

The first strand of literature is climate impacudies. There is a large number of
national and global climate studies that attempgjuantify the potential extent and
scale of climate change impacts. They focus orphysical and sometimes economic
implications of climate change as they relate tec#fr sectors of the economy such
as agriculture, health and coastal zones.

Projections of climate impacts have improved sigaiitly over the last few years
(Fussel 2008), but there are still substantial Kedge gaps, particularly when it
comes to understanding the impact of adaptationmgi&gla and Fankhauser 2008).
Another drawback of traditional impact studieshattthey tend to ignore the human
dimension required to translate impacts into humanerability.

The second strand of literature, vulnerability sgd aims to address this point.
Vulnerability studies have long been used to idgrthose population groups most
likely to be negatively affected by drought and estmatural hazards. However,
framing climate change impacts within a contextvafnerability is a fairly new
endeavor. Most recent work on social vulnerabhisg tended to focus on the local to
regional scale where the processes which shapenalliity are better understood,
often using a case-study approach (Ibarraran 20@9; Eriksen and Kelly 2007). Far
fewer studies have attempted to address vulnerahtlia national level.

Most vulnerability studies do not specifically deaith the modelled impacts of
climate change. Instead, they focus on the presehemvironmental assets which
may be affected by climatic changes, such as atabtkor areas previously affected
by climatic disasters (Brooke et al 2005; Lonera89).

A notable exception is Moss et al (2001), who depetl the Vulnerability-Resilience

Impact Model (VRIM). Using indicators of sensitiyitto climate change and

indicators of coping-adaptive capacity Moss et 2Z00() calculated an aggregate
indicator of vulnerability for three alternativetfue climate scenarios.

Recent aggregated indices have combined measumdsnate change severity with
measures of socioeconomic capacity. However nonghe$e have considered
projections from climate impact models. Projectedadsuch as precipitation and
temperature are used to proxy the severity of reiolimate change insteéd.

3. Indicators of impact

® For examples of such social vulnerability studies Brooks et al (2005) and Esty et al (2005).

® See Baettig et al. (2007); Diffenbaugh et al (90 Yohe et al (2006). For a further discussibn o
vulnerability indices see Fussel (2009) and Erikaed Kelly (2007).



Exposure to, and sensitivity towards climatic chamnggether decide the strength of
an impact on a country or locality (see Figure @va). Since exposure and sensitivity
are difficult to disentangle, we use their combimedi@ct, physical impact, as the first
pillar of our indicator system.

Ideally, an indicator of physical impact shouldlude all aspects of climate change
and cover all the main sectors. However, that l@fahformation is not available,
even if the effects of climate change are increggiwell understood (see Parry et al.
2007). The main constraint is the availability oternally consistent, global data,
which are crucial to establish credible vulner&pisicores at the global level. Making
cross-country comparisons based on national-leueliess would be difficult, given
the high diversity in underlying assumptions andlgtmethods.

There are much fewer global studies and they aeeitably less accurate than
detailed local case studies. However, the main @wnbere is relative vulnerability
across countries, rather than the absolute vuliigyabf a particular place. The

assumption is that country rankings may be relbtiv@bust and not sensitive to the
analytical shortcomings of global studies.

Suitable global studies are available for agrigelfunealth and coastal protection. In
the case of extreme events, we use historic disatéistics as a proxy for future
vulnerability. Table 1 gives the details. The tabl®ws that the impact metrics and
climate assumptions differ widely across the faotsrs. However, our main concern
is consistency within a sector, rather than conspariacross sectors. Future research
may tell us more on how country rankings change &sction of different climate
scenarios. The assumption here is that rankingsobrest in this respect.

Table 1 Indicators of physical impact

Indicator Metric Source Assumptions
Agriculture Inverse percent crop Parry et al, Yield change is representative of
yield change (wheat, (2004) impact on producers and
rice, soybean) by 2050 consumers.
Disasters Percent population EMDAT disaster | Current disaster patterns
killed by disasters database 1990- | representative of future impacts
1999 from climate change
Health Percent additional Bosello et al, Additional deaths representative
deaths in 2050 (2006) of all heath impacts from climate
change
Coastal Percent population Dasgupta et al | Population at risk is a proxy of
zones impacted by 1 m sea (2007) impacts on economies, assets
level rise and people

To obtain an aggregate score, all values were ria®adato ensure all sectors had
roughly equal weight and no one indicator biasedrésults. Regional averages were
calculated for those countries where no data wagadle. The results were averaged
across all four criteria to give a final ‘impactinarability’ score per country. Figure 2
and Table 2 summarize the result, grouping couwstiigto impact quartiles.
Methodology and detailed country scores are shomsnnex 1.



Figure 2 Country climate change impact rankings

Note: The darkest red indicates the countries with tighdst impact vulnerability score, light pink the
lowest. Grey countries were omitted from the arialys

Table 2 Climate change impact rankings

Quartile Countries

I Benin, Burkina Faso, Burundi, Cape Verde, Central African Rep.,
(highest impact) Congo Rep., Gabon, Gambia, Guinea, Guinea Bissau, Kenya,
Lesotho, Malawi, Mauritania, Mauritius, Mozambique, Nigeria,
Rwanda, Senegal, Seychelles, Somalia, Swaziland, Tanzania, Togo,
Uganda, Zambia, Bangladesh, Vietham, Honduras, Egypt, Guyana,
Suriname, Venezuela,

I Angola, Botswana, Cameroon, Chad, Congo, Dem. Rep., Comoros,
Cote d’lvoire, Djibouti, Eritrea, Ethiopia, Ghana, Mali, Namibia, Niger,
Sao Tomé and Principe, South Africa, Tunisia, Zimbabwe, Antigua and
Barbuda, Grenada, Mexico, Nicaragua, Panama, St Kitts and Nevis, St
Lucia, Fiji, Kiribati, Marshall Is., Samoa, Solomon Is., Tonga, Vanuatu,
Ecuador

i Liberia, Libya, Madagascar, Sierra Leone, Cambodia, India, Indonesia,
Lao PDR, Maldives, Pakistan, Philippines, Thailand, Timor-Leste,
Belize, Costa Rica, Cuba, Dominica, Dominican Rep, El Salvador,
Guatemala, Haiti, Jamaica, St Vincent and the Grenadines, Trinidad
and Tobago, Bosnia-Herzegovina, Moldova, Yemen, Micronesia,
Papua New Guinea, Brazil, Colombia, Paraguay, Peru

v Algeria, Morocco, Sudan, Afghanistan, Armenia, Azerbaijan, Bhutan,
(lowest impact) China, Georgia, Kazakhstan, Korea Rep., Kyrgyz Republic, Malaysia,
Mongolia, Myanmar, Nepal, Sri Lanka, Tajikistan, Turkmenistan,
Uzbekistan, Albania, Romania, Serbia, Iran, Iraq, Jordon, Lebanon,
Syria, Argentina, Bolivia, Chile, Uruguay

Note Data available for 131 countries.
4. Indicators of adaptive capacity

Besides physical impact, a country’s vulnerabititycially depends on its ability to
adapt (Figure 1 above). Unlike impact, which isimed by the kind, extent and vigor
of climatic variability, adaptive capacity is maintetermined by socio-economic
factors, such as income, demographic trends, utistital capacity, political stability
and the quality of education, water and healthlifeas. It is in fact these socio-



economic dimensions that drive much of the vulnditgbof developing nations.
Adaptive capacitys therefore the second pillar of our indicatortegs

The adaptive capacity inherent in a system reptesie assets available, and the
ability to use these resources effectively in thespit of adaptation. In practical terms
it is the ability to react to evolving hazards, aliamong other things requires the
capacity to learn from previous experiences (Broakd Adger 2004). Other factors
that determine adaptive capacity include the quadit institutions and decision
making processes, the availability of resources @athnologies and the stock of
human and social capital (Tol and Yohe 2007). Bsoet al (2005) highlight the
importance of factors such as literacy, governaacd health (which had to be
omitted here for data reasons).

However, indicators for adaptive capacity are galhemore difficult to identify than
risk, as they are not directly measurable, andwhg in which individual factors
interact is difficult to ascertain. Table 3 lisketcapacity measures used here.

Table 3 Indicators of adaptive capacity
Indicator Metric Source Assumptions
Age Ratio of dependent World Bank The lower the age dependency
dependency population to working (2007) ratio, the higher the adaptive
ratio population (2006) capacity
Domestic Domestic credit to World Bank | The better access to credit, the
credit to private sector, as a (2007) higher the adaptive capacity
private sector percentage of GDP
(1998-2996)
Gini Gini coefficient (latest World Bank The lower the GINI coefficient
available year) (2007) the lower the inequality, the
higher the adaptive capacity
Governance WGI (World Kaufman et al | The higher the WGI score, the
Governance Indicator) (2008) lower the degree of in-country
voice and conflict and the higher the
accountability adaptive capacity
Literacy Percent population, World Bank The higher the literacy rate, the
aged >15years, literate (2007) higher the adaptive capacity
(1991-2005)
Primary Percent female World Bank The higher the female primary
completion population completing (2007) completion rate, the higher the
rate (female) primary education adaptive capacity
(1991-2006)

Note: The WGI is a composite index that ranks countriesoeding to six criteria: Voice and
accountability; political stability and absencewvidlence; government effectiveness; rule of lawg an
control of corruption. Gini coefficients were undsble for 27 countries. In order not to lose these
countries, adaptive capacity was calculated as/arage of the remaining five indicators.

Figure 3 Country adaptive capacity rankings

10



Note: The darkest red indicates the countries with tineki adaptive capacity (associated with the
highest vulnerability). Light pink denotes the ctrigs with the highest adaptive capacity. Grey
countries were omitted from the analysis.

Table 4 Adaptive capacity rankings

Quartile

Countries

I
(lowest capacity)

Angola, Burkina Faso, Burundi, Cameroon, Central African Rep.,
Chad, Comoros, Congo Dem. Rep., Congo Rep., Cote d'lvoire,
Djibouti, Eritrea, Ethiopia, Gambia, Guinea, Guinea Bissau, Liberia,
Malawi, Mali, Mozambique, Niger, Rwanda, Senegal, Sierra Leone,
Somalia, Sudan, Togo, Uganda, Zambia, Zimbabwe, Afghanistan,
Haiti, Yemen

Algeria, Benin, Botswana, Gabon, Ghana, Kenya, Lesotho, Libya,
Madagascar, Mauritania, Namibia, Nigeria, Sao Tomé and Principe,
Swaziland, Tanzania, Bangladesh, Bhutan, Cambodia, Lao PDR,
Myanmar, Nepal, Pakistan, Timor-Leste, Turkmenistan, Guatemala,
Honduras, Nicaragua, Iraq, Papua New Guinea, Solomon Is., Bolivia,
Ecuador, Paraguay

Cape Verde, Seychelles, Tunisia, Armenia, Azerbaijan, Georgia, India,
Kyrgyz Republic, Philippines, Tajikistan, Uzbekistan, Belize, Dominican
Rep., El Salvador, Jamaica, Mexico, Egypt, Iran, Lebanon, Morocco,
Syria, Fiji, Kiribati, Micronesia, Samoa, Tonga, Vanuatu, Argentina,
Brazil, Colombia, Ecuador, Peru, Suriname, Venezuela

v
(highest capacity)

Mauritius, South Africa, China, Indonesia, Kazakhstan, Korea Rep.,
Malaysia, Maldives, Mongolia, Sri Lanka, Thailand, Vietham, Antigua
and Barbuda, Costa Rica, Cuba, Dominica, Grenada, Panama, St Kitts
and Nevis, St Lucia, St Vincent and the Grenadines, Trinidad and
Tobago, Albania, Bosnia-Herzegovina, Moldova, Romania, Serbia,
Jordan, Marshall Is., Chile, Guyana, Uruguay

Note Data available for 131 countries.

5. Indicators of implementation capacity
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Decisions about adaptation spending may also heiméed by the ability of potential
recipients to use funds effectively. Like devel@mnaid, adaptation finance will be
more cost-effective when targeted at countriesdhatable to implement the required
strategies, for example, those with relatively sbusr improving policies and
institutions (Kaufmann and Kraay 2004).

This is called a country’s implementation capaeithyd forms the third pillar of our
indicator system. Implementation capacity introduadaptation effectivenesss an
explicit concern into the decision making procedscomplements vulnerability,
which combines both equity and efficiency consiteres, in the sense that allocating
money according to vulnerability is both fair aadgets the areas of highest need.

A number of performance indicators exist that canubed to address this country-
specific risk factor. They include Country Perfomoa and Institutional Assessments
(CPIA), the worldwide governance indicators (WGHe International Country Risk
Guide (ICRG), the Corruption Perception Index (CEig Global Competitive Index
(GCI), as well as the country assessments of cratiitg agencies. They each assess
different aspects of government performance — dholy fiscal management,
institutional quality, the business environmentgragption and credit default risks —
but each aspect contributes to, or is correlatati,vihe ability of governments to
manage financial inflows effectively.

Note also that many of these indicators are cdgélavith adaptive capacity, the
second pillar of our indicator framework. The W@dex, in particular, was used in
Table 3 to assess institutional quality — a keydiaof adaptive capacity. This creates
a certain amount of double-counting.

Our index of implementation capacity is based ohACBn index used by the World
Bank Group to inform the allocation of concessiohmding from the International
Development Association (IDA). The CPIA ranks coigs according to 16
indicators grouped into four clusters as follows:

CPIA a economic management;

CPIA k structural policies;

CPIA c policies for social inclusion and equity; and

CPIA d governance (public sector management and institsit

Policies are ranked from one (low) to six (high)sé& upon a combination of
objective data and expert judgment by World BarifsThe final component of the
index measures a country’s capacity to absorb @i@ait is based on World Bank
portfolio data from the Bank’s Annual Review of Bolio Performance (ARPP).

The five components were aggregated through thee Jarmula the World Bank’s
uses for IDA allocation, which gives additional glei to governance and public
sector management. The implementation capacityindebines central government
capacity and ability to absorb finance in the failog way:

Implementation = 0.24*average of (CPIAa CPIAb CPIAc) + 0.68*CPIAd + 0.08* ARPP
Capacity

12



Figure 4 and Table 5 summarize the results by dgiavtith the full results again
given in Annex 1. Note that the sample size wasiced from 131 countries to 72
countries. The CPIA is not calculated for all dexgghg countries.

Figure 4 Country implementation capacity rankings

Note: The darkest red indicates the countries with tineki implementation capacity (associated with
the lower adaptation efficiency). Light pink derthe countries with the highest implementation
capacity. Grey countries were omitted from the ysial

Table 5 Implementation capacity rankings

Quartile Countries

I Angola, Burundi, Central African Rep., Chad, Comoros, Congo Dem
(lowest capacity) | Rep., Congo Rep., Cote d'lvoire, Eritrea, Guinea, Guinea Bissau,
Nigeria, Togo, Zimbabwe, Cambodia, Lao PDR, Uzbekistan, Haiti

Il Cameroon, Djibouti, Gambia, Mauritania, Niger, Sao Tomé and
Principe, Sierra Leone, Zambia, Bangladesh, Kyrgyz Republic, Nepal,
Tajikistan, Yemen, Kiribati, Papua New Guinea, Solomon Is., Tonga,
Vanuatu

i Benin, Ethiopia, Kenya, Lesotho, Madagascar, Malawi, Mali,
Mozambique, Rwanda, Uganda, Azerbaijan, Indonesia, Mongolia,
Pakistan, Dominica, Albania, Bosnia-Herzegovina, Bolivia, Guyana

v Burkina Faso, Cape Verde Is., Ghana, Senegal, Tanzania Uni. Rep.,
(highest capacity) | Armenia, Bhutan, Georgia, India, Maldives, Sri Lanka, Vietnam,
Grenada, Honduras, Nicaragua, St Lucia, St Vincent and the
Grenadines, Samoa

Note Data available for 72 countries.

It is worth re-emphasising that a low implementat@apacity may not necessarily
disqualify a country from receiving adaptation sogpp In fact, with their weak
institutions and low adaptive capacity, fragiletetaare amongst the most vulnerable
countries to climate change and as such most ird refe support. However,
insufficient implementation capacity may point teetneed for different ways of
providing support, with stricter monitoring arrangents and a stronger role for

13



development agencies in project management. It @dsots to a need for capacity
building as an adaptation (and development) pyiorit

6. An attempt at integration

Sections 3 to 5 have developed quantitative indisafor the three pillars of our

indicator framework: physical impact, adaptive aafyeand implementation capacity.

The next step is to combine the three constitusditators into a ranking system that
helps prioritizing access to adaptation finance.

The degree to which the constituent indicators riedsk aggregated for this purpose
is open to debate. On the one hand, an aggregatte would have the advantage of
simplicity. On the other hand, aggregation amgifiee uncertainties inherent in the
constituent indicators. It also masks some importicade offs that perhaps ought to
be made explicitly. We therefore start by analysithg constituent indicators
separately.

Fund allocation will initially require identificaan of the countries most affected by
climate change. As we have seen (Figure 1), vulbil@sais a function of physical
impact and adaptive capacity. The interaction betwine two drivers is potentially
complex, but as a starting point Figure 5 plotsititecators for adaptive capacity (x
axis) and physical impact (y-axis) against eacleth

Countries with high ‘impact vulnerability’ and lol@daptive capacity’ are located in
the top left quartile. They are considered to beséhmost vulnerable and should
therefore be at the forefront for fund allocatiéingure 5 shows that they are almost
exclusively based within Africa. There are impaotdpots elsewhere, for example in
Central and tropical South America, but adaptiveac#ty within many of the Central
and South American countries is generally highdrictv should reduce their long-
term vulnerability. The same pattern holds for $nedhnd states. They have high
impact scores, but their adaptive capacity is higber.

To get a rough handle on the combined effect ofachwulnerability and adaptive
capacity we merge the two scores into an indicafooverall vulnerability. The
easiest way to do this is by subtracting the adaptapacity score (where low
capacity means high vulnerability) from the impacbre (where high impact means
high vulnerability).

14



Figure 5 Impact vulnerability (y axis) and adaptiv e capacity (X axis)
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Figure 6 and Table 6 show the results by quarfequick comparison between
Figure 6 (overall vulnerability) with Figure 2 (pdigal impact) underlines the central
importance of adaptive capacity. Their poor capadid adapt leads to a
disproportionately high vulnerability among Africarations, suggesting in turn a
strong concentration of adaptation effort on Africa

However, by their very nature, countries that aghlly vulnerable to climate change
may lack institutional capacity for implementing apthtion measures. Figure 7
demonstrates this by plotting the overall vulndigbiscores (Table 6) against
implementation capacity (Table 5). Implementatiapacity is shown on the x axis,
vulnerability on the y axis.

At one level this suggests a trade-off between idenations of fairness — which
would favor adaptation spending in the most vulb#ityg countries — and adaptation
effectiveness, which suggests prioritizing slighégs vulnerable but more effectively
governed countries. However, in reality, the issukess about fund allocation than
implementation arrangements. Highly vulnerable ¢toes should and will obtain the
lion’s share of adaptation resources. Howevery tb&i implementation capacity may
require adaptation agencies to take a more handsyoproach in project

implementation than is generally assumed.
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Figure 6 Overall vulnerability rankings

Note: The darkest red indicates the highest overall \ralniéity scores. Light pink denotes the lowest
vulnerability scores. Grey countries were omittexhf the analysis.

Table 6 Overall vulnerability rankings

Quartile Countries

I Angola, Benin, Burkina Faso, Burundi, Cameroon, Central African
(highest impact) Rep., Chad, Comoros, Congo, Congo Dem. Rep., Cote d’lvoire,
Djibouti, Eritrea, Ethiopia, Gambia The, Guinea, Guinea-Bissau,
Malawi, Mali, Mauritania, Mozambique, Niger, Nigeria, Rwanda,
Senegal, Sierra Leone, Somalia, Togo, Uganda, Zambia, Zimbabwe,
Honduras, Suriname

Il Botswana, Gabon, Ghana, Kenya, Lesotho, Liberia, Libya,
Madagascar, Namibia, Sao Tomé and Principe, Seychelles, Sudan,
Swaziland, Tanzania Uni. Rep., Afghanistan, Bangladesh, Cambodia,
Lao PDR, Nepal, Pakistan, Vietnam, Guatemala, Haiti, Nicaragua,
Egypt, Irag, Yemen, Papua New Guinea, Solomon Is., Vanuatu,
Ecuador, Guyana, Venezuela

i Algeria, Cape Verde Is, Mauritius, Morocco, Tunisia, Bhutan, India,
Indonesia, Myanmar, Philippines, Timor-Leste, Antigua and Barbuda,
Belize, Costa Rica, Cuba, Dominican Rep., El Salvador, Jamaica,
Mexico, Panama, Iran Islamic Rep., Syrian Arab Rep., Fiji, Kirbati,
Marshall Is., Micronesia Fed Sts., Samoa, Tonga, Bolivia, Brazil,
Colombia, Paraguay, Peru

v South Africa, Armenia, Azerbaijan, China, Georgia, Kazakhstan, Korea
(lowest impact) Rep, Kyrgyz Republic, Malaysia, Maldives, Mongolia, Sri Lanka,
Tajikistan, Thailand, Turkmenistan, Uzbekistan, Dominica, Grenada, St
Kitts and Nevis, St Lucia, St Vincent and the Grenadines, Trinidad and
Tobago, Albania, Bosnia-Herzegovina, Moldova Rep, Romania,
Serbia, Jordan, Lebanon, Argentina, Chile, Uruguay

Note Data available for 131 countries.
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Figure 7 Overall vulnerability (y axis) and impl ~ ementation capacity (x axis)
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7. Conclusions

This paper proposes an analytical framework tormfehe allocation of adaptation
funding. An omniscient social planner would sol\ee tproblem by ranking all
possible adaptation interventions in order of thmnefit — cost ratio and financing
them according to economic merit. Distributionasues would be accounted for
explicitly, for example by using equity weightingankhauser et al. 1997). Residual
climate damages that cannot be adapted to costtigtfy (Parry et al. 2009) would
be subject to compensation, as appropriate.

What we propose is a distant second best to theoagip of the omniscient planner,
but it may help to make allocation decisions moa@gparent, efficient and equitable.
The approach is inspired by the World Bank’s metabdllocating concessional IDA
resources among the world’s poorest countriesds uantitative indicators to assess
a country’s vulnerability, as well as its abilitp tmanage additional resources
effectively.
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The IDA approach is not without its critics. Kan@005) has argued thaince the
formula is uniform across countries, the IDA applo&ssentially imposes the same
development model on all countries. This is proladgm already for standard
development issues, and may be even more so fatgdichange, where much less is
known about the right adaptation model.

Neverthelessan empirical approach to allocating adaptation rfogathat aims to
address these concerns could serve at least thrpeses: it can reduce transaction
costs if lobbying and negotiations (though inevigalbecome a less prominent part of
the allocation process, it can support the resadgsnda with an allocation process
based on empirical measures, and it can supporuahwccountability through
transparency in allocations.

Moreover, we do not propose that allocation densiare made mechanistically
according to a formula. The indicators are theraitbdecision making, to make it
more transparent and objective. But ultimately wapending decisions will always
take into account a range of considerations andineca considerable amount of
judgement.

Some of that judgement already enters into thecatdr system. There are infinite
ways in which the raw data on climate impacts, ddagapacity and implementation

capacity can be combined, scaled, normalized adddadp. The choice of data sets
and the disparity between the underlying distridmsi of the chosen indicators will

inevitable have implications for the implicit weighg of each. The way we

constructed our indicators is only one of many wagw this might be done. Criteria

weighting will ultimately be a political decisiomade by experts in consultation with
stakeholders.

The quality of the indicators is also affected layadgaps and imperfect information.
With limited knowledge of environment-system feedhts and limited climate
scenario projections, uncertainty is compoundegbah step. Assessing country-level
vulnerability requires aggregating impacts acrossnamber of sectors, and
uncertainties, scientific and modelled, are furtbsralated.

There is substantial scope to improve the methaat tne. New data series may be
added, for example, on physical impacts, where npangntially severe impacts have
been omitted (for example, water, the implicatimisocean acidification) or are
represented only through proxies (for example,eam& events). Over time we may
also learn more about the way the different deteamis of adaptive capacity interact,
a strand of research initiated by Tol and Yohe @@0@ur static approach may be
made more dynamic by recognizing feedback loopslaadact that interventions will
reduce future vulnerability.

A key question that our indicator framework canmaoiswer is the magnitude of
adaptation funding that will be required. Answerthis question requires information
about physical impacts and adaptation needs inlalesdollar terms, rather than the
relative ranking of countries put forward in thesger. Information about this question
is still sketchy, but it is clear that the adamatbill will run into tens of billions of
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dollars. This makes it all the more important thaailable funds are allocated as
transparently, efficiently and equitably as possibl
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Annex 1: Country-level results

Individual indicators by country, as documentedTiables 1 and 3 and in the
description of the CPIA in Section 5, are normalizy converting to z-scores, and
then taking the average of these z-scores for edthe adaptive capacity, impact
vulnerability, and implementation capacity indiagt@hown in the table below. We
use an unweighted average, although the normalizgirocedure creates implicit
weights. The overall vulnerability score is derivieg subtracting adaptive capacity
from impact vulnerability.

Country indicators  (ordered by overall vulnerability score)
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