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Abstract

Global climate adaptation financing schemes represent one of the most promising developments in climate finance
for developing nations. Recently, there has been concern that the emergence of a competitive mechanism for the
allocation of adaptation funds has un-leveled the playing field to qualify for funds because the most climate
vulnerable countries also have the greatest capacity gaps to attract and leverage climate finance. However, without
a comparable, consistent definition of vulnerability across countries, it has been difficult to verify this conjecture.
In this paper, | take a quantifiable approach to assess the link between the allocation of finance and adaptation
needs drawing on newly constructed adaptation costs in the Pacific SIDS. | find that adaptation funds do not
adequately meet adaptation needs in several of these nations, opening up an adaptation infrastructure gap that
global climate policies must address.
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1. Introduction

Small island developing states (SIDS) are among the most vulnerable to climate hazards. For some, such as those
in the Pacific which lie only a few meters above sea level, climate change is an existential risk as it has contributed
to rising ocean levels that may result in their submersion during this century (ADB, 2019). Even without this
extreme scenario, the frequency and intensity of hurricanes, saltwater erosion of infrastructure, and the destruction
of coastlines has drastically reduced arable land, led to ocean acidification, and put crippling pressure on public
finances to cope with recurring need to rebuild infrastructure (Nunn 2012).

Building resilience to changing climatic conditions—adaptation—by implementing early warning systems and
climate-proofing critical infrastructure (such as seawalls, water tanks, bridges) in these island nations is vital, but
SIDS are among the least able to afford these efforts due to high public debt and limited access to global capital
markets (Robinson 2018). It is estimated that average annual adaptation costs in the SIDS of the Pacific over the
next decade are formidable, lying between 6.5 and 9 percent of GDP per year (Tiedemann et al. 2021, IMF 2021b).

1.1 Global Climate Adaptation Financing

Global climate adaptation financing vehicles represent one of the most promising developments in climate finance
over the last decade. Modalities are wide-ranging in terms of institutions, arrangements, and instruments (Masullo
etal. 2015). Pacific SIDS have accessed climate finance through bilateral donors as well as multilateral institutions
such as development banks and Climate Funds. Arrangements have ranged from borrowing directly to borrowing
via a system of accredited and implementing bodies, and instruments have been distributed between grants,
concessional loans, equity and guarantees (Swiss Development Corporation 2021).

Bilateral funds are critical for rapid access as they typically respond to urgent needs and impose few access
requirements. Pacific SIDS have historically been frequent recipients of such bilateral support from Australia,
Japan, and New Zealand in the aftermath of natural disasters (OECD 2019). However, it is the multilateral
arrangements such as those agreements secured with the multilateral development banks and the Climate Funds
(discussed below) which are increasingly the key source of adaptation finance for three reasons: the large funding
requirements of adaptation projects, the longer time-horizon envisaged for such projects, and as discussed below,
the long lead times between conceptualization and execution of projects. Consequently, this paper will be focused
predominantly on multilateral sources of climate adaptation financing.
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1.2 Climate Funds

Among the multitude of climate adaptation financing vehicles, Climate Funds have risen to become the most
prominent. These funds are financial facilities established by donors to help developing countries mitigate or adapt
to climate change. The largest among these is the Green Climate Fund (GCF), established in 2010 as the financial
vehicle of the UN Framework Convention on Climate Change (UNFCCC). According to the OECD climate
finance database, as of 2020 the GCF had committed more funds to the Pacific SIDS than all other Climate Funds
combined (Note 1).

Importantly, as a means to strengthen ownership of prospective climate projects, to ensure commitment to
adaptation, and raise prospects of successful adaptation, the GCF as well as other Climate Funds require exposed
countries to seek funding through a tiered process of application (Zamarioli et al. 2020). Countries therefore
compete for GFC funds under assessment criteria that are still fluid, but include aspects of sustainability, feasibility,
efficacy, and equity (Brown et al. 2017). This rich array of criteria results in many years between the conception
and completion of an adaptation project, owing to strong fiduciary requirements, gender and social policy
commitments, and environmental safeguards (IMF 2021a).

Emergence of a competitive allocation of adaptation finance has led to widespread concern about the immense
technical, conceptual, financial, logistical and management burden it imposes on developing nations to qualify for
funds (Masullo et al. 2015, OECD 2015, Amerasinghe et al. 2017, Wang et al. 2018, Robinson 2018, Tanner et al.
2019). In particular, institutional capacity has been cited as a key element in determining a country’s ability to
attract and leverage climate finance for adaptation (e.g., Doshi and Garschagen 2020, Doku et al. 2021), but some
of the most vulnerable countries are also likely to have the greatest gaps in human and financial capacity for
successful adaptation.

This has raised the question about the extent to which climate adaptation funds are allocated to those with the
greatest vulnerabilities, but a clear answer has proved elusive thus far. A growing literature has considered whether
disbursed climate funds take account of adaptation needs by linking adaptation funds with the vulnerability of
recipients (see e.g., Klock 2015, Betzold and Weiler 2017, Weiler et al. 2018, Christiansen et al. 2018, Yeo 2019).
Owing to lack of quantifiable measures of vulnerabilities, however, each of these studies has focused on indices
of governance vulnerabilities (e.g., bureaucratic quality or government effectiveness indices from the World Bank)
or physical vulnerabilities (e.g., indices of vulnerability to climate change such as those from the Notre Dame
Global Adaptation Index (ND-GAIN)). Both scholars and practitioners are in broad agreement, however, that
without a comparable, consistent definition of vulnerability across countries and over time, the findings of these
studies cannot shed light on whether adaptation finance has or not been prioritized towards those with the greatest
adaptation needs (Klein and Mohner 2011, Garschagen et al. 2021).

In this paper, in contrast to the existing literature, | take a quantifiable approach to assessing the link between the
allocation of finance and adaptation needs. To do so, | draw on newly constructed data on actual annual adaptation
costs in the Pacific SIDS described in IMF (2021b), and compare this with allocated adaptation funds to define an
adaptation infrastructure gap. Using these quantitative measure of vulnerabilities and funds, based on publicly
available data and transparent assumptions, | assess whether the allocation of climate funds tracks adaptation
infrastructure gaps.

The remainder of the paper is organized as follows. In Section |1, | discuss the adaptation costs in the Pacific SIDS
and present the allocated adaptation funds. Section 111 defines an adaptation infrastructure gap, and analyzes how
adaptation funds align with adaptation needs. Section IV concludes.

2. Adaptation Infrastructure Costs in the Pacific SIDS

Although the range of physical assets and processes (e.g., earning warning systems) that can buckle under climate
stress is broad, | follow the literature by focusing on investment infrastructure since this is estimated to be the
costliest (see GCA 2018, Hallegatte et al. 2019, Rozenberg and Fay 2019, IMF 2021b). Before turning to the
computation of those costs, | briefly discuss the topography of the Pacific SIDS. Although these nations are similar
in many geological and socio-economic respects, differences in physical geology are important to understand their
adaptation needs. Table 1 puts adaptation costs in context by presenting key topographical differences that are
relevant for differences in adaptation infrastructure needs (Table 1).

A first observation is that maximum elevation is extremely low everywhere, with the highest number at 4.5 km
above sea level (Papua New Guinea), two countries (Kiribati and Nauru) at less than 100 meters above sea-level
and Marshall Islands and Tuvalu at only 5-10 meters above sea level. Adaptation focused on coastal protection is
thus critical to address the impact of climate change on rising ocean levels in these nations. Second, coastlines
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vary dramatically from just 30 kilometers in Nauru to over 6000 kilometers in Micronesia. However, the presence
of a significant number of atolls in the Pacific SIDS, many of them uninhabited, indicates that the length of the
coastline per se may not adequately represent the length of coastal protection that is of policy interest as
governments are likely to prioritize protection for the main islands and larger inhabited atolls.

Table 1. Topographical and socioeconomic characteristics of the Pacific SIDS

Geography 2022 GDP GDP per
Max. elevation  Coastline Coastline/area ( cap.
(billion) (mill./1000)
(km) (kms) (km/km?) USD)
High islands, few
Fiji 1.32 1129 minor atolls 8.3 5.17 6108
Kiribati 0.08 1143 Mainly atolls 40.1 0.22 1661
Marshall Islands 0.01 370 Atolls 27.5 0.27 4129
Micronesia 0.78 6112 High islands, atolls 231 0.43 4009
Nauru 0.07 30 Raised coral island 6.5 0.13 9119
Palau 0.24 1519 High islands, atolls 70.9 0.13 14759
High islands, few
Papua New Guinea 4.51 5152 minor atolls 7.6 29.9 2828
Samoa 1.86 403 High islands, atolls 7.7 0.82 4198
High islands, few
Solomon Islands 2.34 5313 minor atolls 31.8 1.67 2410
Tonga 1.03 419 High island 15.6 0.53 5116
Tuvalu 0.01 24 Atolls 4.71 0.07 4298
Vanuatu 1.88 2528 High islands, atolls 22.9 1.02 3099

Notes. Data are as of June 2022 for elevation, coastline, and coastline/area.

Sources: Author’s compilation from U.S. Geological Survey (elevation, coastline, area), World Economic Outlook
(GDP, population) and Asafu-Adjaye (2008) for geography.

Owing to their unique topographical characteristics, the Pacific SIDS have high exposure to floods and cyclones
(UNESCAP 2019). Following the seminal work of Hallegatte et al. (2019), this has led to a strong focus on three
categories of infrastructure adaptation in the Pacific islands: (1) strengthening the resilience of coastal protection
infrastructure (e.g., construction of seawalls); (2) upgrades to new investment infrastructure (e.g., bridges with
new technology for water drainage); and (3) retrofitting existing physical assets (e.g., refitting buildings with clean
energy systems). | provide a high-level definition of these below to provide context for the measures of adaptation
infrastructure gaps, and refer to IMF (2021a, 2021b) for details of the calculations and Hallegatte et al. 2019 and
Rozenberg and Fay (2019) for details of the approaches.

2.1 Coastal Protection Infrastructure

Country-level estimates of coastal protection infrastructure correspond to the costs of building and upkeep of new
infrastructure such as coastal seawalls, storm barriers and dikes and draw on global estimates calculated in
Rozenberg and Fay (2019). The annual costs of adaptation used below draw on these global numbers to compute
a country-specific estimate for a level of protection that tolerates losses no larger than 0.01 percent of GDP, using
estimates of coastal protection construction costs from Nicholls et al. (2019) (Note 2).

2.2 Upgrades to New Investment

The two key inputs to costing adaptation for new investment are the share of the capital stock that is vulnerable to
climate risks, which comes from Koks et al. (2019), and the added costs of climate-proofing which is based on
World Bank (2019) and is assumed to be 15 percent of total investment costs. Using these inputs, the adaptation
costs from upgrading new investments is calculated by multiplying the estimated share of vulnerable capital stock
with estimates to the expected annual public and private investment over the medium term (defined as 5 years
ahead), (Note 3) plus the additional unit costs of climate proofing.
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2.3 Retrofitting Existing Physical Assets

Retrofitting involves the modification of existing capital stock that is vulnerable to climatic hazards with the aim
of improving its resilience. It is generally more costly than upgrades to new investment, but often an efficient
means to prolong the life of costly infrastructure. Using as input the share of capital exposed to climate risks from
Koks et al. (2019) (as with the upgrade to new investment described above), and the assumption that every unit of
capital’s retrofit costs 50 percent of its current value spread over 10 years, the adaptation costs of retrofitting are
calculated by multiplying the share of vulnerable capital with the unit retrofit cost, annualized by assuming a fixed
investment over the next 10 years.

Using these transparent assumptions and publicly available data, the above inputs yield estimates of the combined
infrastructure adaptation needs along with the breakdown of their shares of upgrade, retrofit and coastal protection
needs (Figure 1).
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Figure 1. Annual combined adaptation (upgrade, retrofit, coastal infrastructure) costs and breakdown
Notes. Coastal protection costs assume losses are kept below 0.01 percent of GDP.

Sources. Upgrading and retrofit cost estimates draw on exposed capital share from Koks et al. (2019) and
projections of the capital stock from World Economic Outlook database, Investment and Capital Stock, and
author’s calculations based on the perpetual inventory method; remaining adaptation costs from IMF (2021a)
which draw on IMF (2021b), Rozenberg and Fay (2019), Nicholls et al. (2019) Hallegatte et al. (2019); Koks et
al. (2019), Nicholls et al. (2019); World Bank (2019).

Two features stand out in Figure 1: the tremendous heterogeneity in the annual expected outlays for adaptation
infrastructure, and the outsized share of coastal protection. Differences in physical location within the Pacific lead
to varying vulnerabilities to cyclones and hurricanes, and differences in elevation result in different exposures to
coastal erosion or sea-level rises. Vulnerable capital is affected by location, elevation, as well as the stock of
existing capital. SIDS with recent large disasters, such as Vanuatu, have rebuilt or are in the process of rebuilding
damaged infrastructure, leading to lower share of the exposed capital stock. Accordingly, its share of upgrades for
adaptation are low while coastal protection (requiring new infrastructure using global estimates of coastal
infrastructure adaptation drawn from Rozenberg and Fay (2019)) remains high.

2.4 Allocation of Adaptation Funds in the Pacific SIDS

Adaptation funds allocated to Pacific island nations vary significantly. Because the approval process for adaptation
projects from multilateral institutions can take a significant amount of time, including due to the multi-tiered
process of borrowing via a network of accredited and implementing bodies and strict evaluative criteria, the year-
to-year variation of allocated funds can be volatile (OECD, 2019). To limit annual fluctuations, I present the total
allocated adaptation funds between 2015 and 2020 (Figure 2).
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Figure 2. Multilateral Climate Financing for Adaptation in the Pacific SIDS, 2015-20

Notes. Data are shown for 2015-20 in percent of 2020 GDP, including all sources of multilateral adaptation finance.
Multilateral institutions included are: Asia-Pacific Climate Finance Fund, World Bank, European Investment Bank,
International Finance Corporation, Green Climate Fund, Climate Investment Fund, Global Climate Change,
Global Environment Facility, Asia Development Fund, Abu Dhabi Fund for Development, and Global Green
Growth Institute.

Sources. OECD Climate-related Development Finance (accessed June 2022: https://www.oecd.org/dac/financing-
sustainable-development/development-finance-topics/climate-change.htm) and World Economic Outlook
databases.

Two features stand out from Figure 2. First, allocation of adaptation funds are large in relation to the size of the
country and typically range from 20-40 percent of GDP. This reflects the confluence of three factors: the high cost
of adaptation investment (Hallegatte et al 2019), the low size of economies in terms of their GDP, and significant
adaptation needs in the Pacific SIDS. Second, there is significant variation across countries in multilateral allocated
adaption funds, ranging from nearly 0 to over 100 percent of GDP. However, only Tuvalu stands out as an outlier
and this reflects the coastal protection project funded by the GCF, lying in excess of 100 percent of GDP (GCF
2016).

While informative about the total commitment to adaptation infrastructure, the magnitude of the allocated funds
do not clearly convey whether they are commensurate with what is needed to adapt to climate change effects. In
particular, without benchmarking the distribution of funds to vulnerability, they leave open the question of whether
allocations are appropriately tracking needs rather than a country’s ability to attract and leverage climate for
adaptation. | turn to this question next.

3. Adaptation Infrastructure Gaps: Needs Versus Allocated Funding

I examine whether adaptation needs align with allocated adaptation funds. Unlike existing work, which uses
indices of vulnerabilities that often result in inconsistent rankings across countries, my approach is a quantification
of vulnerabilities using comparable inputs with transparent assumptions (described in Section 2). Using the
adaptation costs underlying Figure 1 and the allocation of adaptation funds underlying Figure 2, | first define the
adaptation infrastructure gap as the annual adaptation infrastructure needs less the average annual allocated
adaptation funds.
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Figure 3. Adaptation Infrastructure Gap

Notes. The adaptation infrastructure gap is defined as the annual adaptation infrastructure need in percent of GDP
from Fig.1 less the annual average of the 5-year allocated funds in 2015-20 which is derived using the reported
numbers in Figure 2 each divided by five to obtain an annual estimate.

Sources. Author’s calculations using data from Figures 1 and 2.

Figure 3 delivers the stylized finding that in about half of the Pacific SIDS, adaptation infrastructure gaps are
negative. In these countries, annual adaptation investment needs are as high as 5 percent of GDP more than average
funds allocated to support such investment. Conversely, adaptation infrastructure gaps meet and even exceed the
annual needs in some countries, most noticeably Kiribati.

Although Figure 3 picture gives reasons to be partially optimistic, it deserves further scrutiny. In particular,
adaption needs derive from several sources as described in Section 2, and | next explore whether all components
of adaptation infrastructure, as defined by the costs of coastal protection infrastructure, upgrades and retrofitting
correspond with the allocated funds. I do so below, using the breakdown of adaptation costs underlying Figure 1
and the allocation of adaptation funds. The results are presented in Figure 4.
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Figure 4. Allocated adaptation funds and adaptation needs in upgrades, retrofitting and coastal protection

Notes. Adaptation needs for upgrades to new investment, retrofitting and coastal protection are from Figure 1.
Allocated adaptation funds are as in Figure 2. Underlying data to compute retrofitting is not available for Nauru,
Samoa and Vanuatu; and for coastal protection in Tuvalu and Micronesia.

Sources. Author’s calculations using data from Figures 1 and 2.

Two notable findings emerge from Figure 4. First, it is apparent that in terms of outlays, for both upgrading
infrastructure and retrofitting existing physical assets, the larger are adaptation needs, the smaller is allocated
adaptation funding. Since Climate Funds and multilateral development banks allocate on basis of sustainability,
feasibility, efficacy, and equity, this suggests that the island nations are not sufficiently demonstrating the required
policy commitments, the environmental safeguards or are being assessed as not ready to meet the strict fiduciary
and other standards of Climate Funds. Furthermore, relatively richer countries in per capita terms, such as Nauru
and Palau, appear to be benefiting with larger allocations, potentially reflecting greater capacity to prepare higher
quality proposals and meet the standards of funding vehicles.

Second, where coastal protection infrastructure is concerned, larger adaptation requirements are met with higher
allocated funds. The finding is robust to the exclusion of Kiribati, an outlier in terms of its coastal infrastructure
adaptation needs. The evidence is consistent with two explanations. One is that Climate Funds and other
multilateral development organizations are prioritizing coastal infrastructure as an adaptation project over
upgrades to new investment or retrofitting existing capital in the Pacific SIDS, perhaps given their vulnerability to
rising ocean levels, cyclonic storms, and hurricanes where coastal protection may well be the most urgent priority.
The other is that the emerging competitive mechanisms for adaptation funds are allocatively efficient for this sub-
category of adaptation investment, directing resources to countries with the greatest coastal protection needs.

4. Conclusions

Global climate adaptation financing vehicles represent a tremendous opportunity for developing countries to
finance adaptation to adverse climate change. Recently, there has been some concern that the emergence of a
competitive mechanism for the allocation of funds has un-leveled the playing field because the most climate
vulnerable countries also have the greatest capacity gaps to attract climate finance for adaptation. Owing to a lack
of quantifiable measures of vulnerabilities however, a clear answer to this conjecture has proved elusive.

In this paper, focusing on the Pacific SIDS, a group of countries highly vulnerable to climate change and in deep
need of financial support, | re-examine this question. Using newly quantified measures of adaptation costs, | find
that the picture is mixed. While adaptation funds meet adaptation investment needs in some, in many others there
is an adaptation infrastructure gap. In particular, adaptation funds do not adequately track the needs for upgrades
to new investment or retrofitting of existing capital, while they appear adequate for coastal protection. Future work
should usefully expand this analysis to a greater number of countries in diverse regions.
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Note 2. An alternative is a cost based on a level of protection that limits the sum of protection and residual water
damages (from flood or hurricanes) as described in IMF (2021a). This paper does not use such estimates

Note 3. Data on projected capital stocks are from the World Economic Outlook (indicator: NFI_R), the Investment
and Capital Stock Database (https://www.imf.org/external/np/fad/publicinvestment/data/datal122216.xIsx) and the
Pacific Financial Technical Assistance Center (PFTAC). Where capital stock is not directly available, the perpetual
inventory method is used to obtain the series starting at zero in 2000 and assuming an annual depreciation rate of
10 percent.
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