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Abstract
Financially viable means to conserve biodiversity are urgently needed. We analyze how debt-for-nature swaps
could conserve currently unprotected biodiversity priority-areas for six biomes in 67 countries under the debt
service suspension initiative related to COVID19. Using novel methods and data, we �nd that the 67 countries hold
over 22% of global priority-areas, yet 82.96% is unprotected. For 35 of the 67 countries, swapping 0.1% of public
debt could conserve 100% of unprotected priority-areas. By swapping 5.09% of these countries’ total public debt
(USD26.5 billion) in a pooled swap, 100% of priority-areas could be protected across the countries. Management
costs could partly be covered through re-routed interest payments within the countries, with further annual funding
of USD0.5-3.5 billion required.

One-Sentence Summary: We develop a framework for e�cient application of debt-for-nature swaps to maximize
biodiversity conservation.

Main Text
With the upcoming launch of the post-2020 global biodiversity framework, we have an opportunity to evaluate
why all Aichi targets on biodiversity conservation failed (1). One reason was �nance for biodiversity (2).

Debt-for-nature swaps (DNS) are a �nancial tool initially developed in the 1980s to exchange mostly sovereign
debt for conserving or restoring nature and thus provide an instrument to �nance nature protection. DNS have
regained prominence in the aftermath of COVID19 (3) driven by two parallel developments: rising national public
debt in many economies, without su�cient investments for conservation. DNS could ameliorate both problems:
reduce debt burdens, particularly in emerging economies with high external public debt, and direct funds to
conservation or restoration in these countries (4, 5). 

Successful DNS must maximize national conservation and public debt reduction, while minimizing economic
harm to creditors. This requires identi�cation of “which nature” is most in need of protection and “how much”
would it cost to acquire and manage nature, and “whose debt” - that is which creditors - to engage for debt swaps. 

Nature performance bonds/securities are an alternate approach to recapitalize sovereign debt and protect nature6.
However, three barriers exist in their successful application: �rst, they are more relevant for debtor countries with
access to capital markets to raise new funds, while for countries in debt distress or default, debt swaps negotiated
between existing creditors and the debtor are more applicable. Secondly, nature performance bonds offer debtor
countries a choice to accelerate economic development over environmental protection in exchange for higher
interest rates on the security. Thirdly, nature performance bonds need to prove nature protection ex-post at the risk
of incurring high transaction cost, while DNS require ex-ante agreements on the nature swap and thus enable more
effective conservation (6). Both mechanisms can, nevertheless, be combined at the debt restructuring and nature
protection nexus for 73 eligible countries in the debt-service suspension initiative (DSSI) of the G20 and the
Common Framework (7). 

To explore how DNS could effectively be applied we identify biodiversity priority-areas within 15 biomes nestled
within �ve major ecotones (forests, grasslands, deserts, mangroves and freshwater). We calculate the global share
of biodiversity priority-areas and the degree of protection of these biomes in 67 of the 73 debtor countries eligible
for the Debt Service Suspension Initiative (DSSI) (7) (i.e., “which nature”). We then calculate the acquisition and
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management cost for priority-areas using best available data (i.e., “how much”); and we identify biodiversity
targets to be swapped with different creditors based on World Bank debt data (i.e., “whose debt”). 

This article thus identi�es national biodiversity priorities that would bene�t from DNS. We focus largely on
terrestrial ecosystems as these face the most direct threat form of damage and loss (deforestation (5),
overgrazing (8), rapid loss of mangroves (9–11) and river fragmentation (12)), the pressure on which, given the
post-pandemic urgency of economic growth, may increase further. We focus on intact but unprotected areas, as
these are less challenging to protect and as they are often under government management making them easier to
swap for sovereign debt. Furthermore, as these areas are not or little in use, their protection has less risk of access
removal from people reliant on them. In addition, protecting intact unprotected yet threatened areas, DNS can
reduce habitat loss and degradation prevalent in much of the world, while providing a more cost-effective solution
than restoring already degraded land, and are more likely to retain diversity, particularly for species dependent on
intact habitat. We focused on terrestrial areas as biodiversity threats in marine areas are often displaced from
elsewhere, and some such as pollution, bleaching and acidi�cation cannot be easily countered through spatial
efforts in the same way land degradation can (13). Thus whilst marine systems are threatened, managing �shing
sustainably, reducing pollution and managing climate change may be more effective at reducing marine diversity
losses, especially as protection may be undermined by activities outside the protected area in Marine
systems (13). Accordingly, we specify recommendations how to effectively and e�ciently use DNS to establish
and manage currently unprotected terrestrial priority-areas of major biomes, which would enable a more
representative protection of these key, potentially vulnerable systems, though conditions to monitor performance
would be needed to ensure new protected areas were effective.

 

Swapping debt for nature - from idea to implementation 

DNS were �rst introduced in 1984 in response to the deteriorating tropical rainforests and mounting debt
obligations in developing countries (14). Through a DNS, the debtor country’s debt stock is reduced in exchange
for commitments of the debtor government to protect nature (15). The �rst debt-for-nature agreement was signed
in 1987 between Bolivia and Conservation International (CI), in which CI purchased USD650,000 of Bolivia's
foreign debt in the secondary market at a discounted price of USD100,000. In exchange, the Bolivian government
set aside 3.7 million acres in three conservation areas.(16) Since then, DNS have been applied in over 30 countries
across all continents(14). From 1987 to 2015, the value of debt restructured under DNS agreements surpassed
US$2.6 billion, resulting in about US$1.2 billion of transfers to conservation projects(15). The latest DNS in the
Seychelles in 2018 was worth more than 1.5% of debtor country’s GDP and led to the protection of 30% of the
Seychelles marine ecosystem (17). Of all DNS agreements from 1987 to 2015, over 93% were DNS involving
public creditors (15). 

By value, most DNS were in Latin American countries. Countries like Mexico signed 12 DNS deals with the US from
1991-1998. Yet huge potential exists in other developing countries, which hold a disproportionate amount of
global biodiversity, but in many cases failed to meet Aichi Target 11 of 17% protected area coverage. 

After the debt restructurings by the Paris Club (18) – (a group of o�cials from mostly developed countries with the
responsibility to coordinate solutions for countries with sovereign debt payment issues) - in the 1980s and 1990s,
coupled with a stable global economy, fewer sovereign debt crises surfaced and fewer DNS were applied in the



Page 4/16

2000s. Since 2020, sovereign debt issues have accelerated due to COVID19, causing some emerging countries
(e.g., Zambia (19)) to default on their debt and put more at risk of debt default (20). Simultaneously, accelerating
environmental destruction (21) and the accompanying need to mobilize billions to �nance nature
protection (22) has led to a resurgence of calls to apply DNS (23), including from large creditor regions, such as in
September 2021 from the European Commission (24).

Mechanics of a debt-for-nature swap

If a loan agreement between debtor and creditor government(s) is at risk of default, negotiations can lead to a
decision to swap debt for nature: creditors sell outstanding debt at a discount of up to 100% to an environmental
trust fund. The trust fund is funded by sponsors (NGOs, donor countries, etc.) and can designate new protected
areas (PAs). After the sale of debt, the debtor government can swap parts of the (reduced) outstanding debt for
establishing PAs, while the debtor government pays the (reduced) interest rate on the swapped debt to the
environmental trust fund. With this consistent revenue, the trust fund can pay for PA management costs (Fig. 1). 

Due to continued interest payments, DNS, contrary to other debt restructuring (e.g. debt forgiveness), reduce
potential moral hazard, while ensuring local bene�ts (e.g. unlike debt-for-resources swaps) (25) and allow for
higher permanence through provision of PA management cost. This therefore provides a �nancially viable
mechanism to reduce debt, and conserve biodiversity, in line with the potential post-2020 global biodiversity
framework.

A major obstacle to successful DNS application has been the identi�cation of whose debt can be swapped and
who to engage in negotiation (e.g., private lenders, speci�c sovereign lenders), as well as where/what to conserve.
Some sponsors will be interested in speci�c biomes or speci�c countries. Currently, this information is scattered or
inaccessible, hindering e�cient DNS application. By making this information of “which nature” and “whose debt”
accessible, we hope to accelerate the application of DNS and to reduce information cost for potential funders in
identifying relevant nature and relevant countries. 

Optimising debt-for-nature swaps

Which nature

Determining priority-areas for conservation presents a challenge, as there are many alternatives on how they can
be identi�ed, and selecting appropriate indices is a continued topic of debate (26). Here we set to identify areas
which still retain diversity (which is most e�cient both on cost, and species retention, as well as not contravening
local access rights), but due to rapid rates of deforestation, grazing and other forms of degradation, are likely to be
lost (and converted into economically productive land) without intervention. Rates of habitat loss remain high
across many global biodiversity hotspots. Ensuring rates of loss are stemmed is paramount to reducing the rate of
global biodiversity loss, before considering restoration of areas which have already lost much of their biodiversity.

Species richness indices are frequently used to provide a metric of biological diversity (27–30), despite many of
these patterns resulting primarily from common species (31). Yet the quality of available global biodiversity data
records of species occurrence are spatially or taxonomically biased (32). This makes comparisons between
regions or taxa challenging or impossible (33). Identifying areas for priorities needs to overcome spatial biases in
commonly used datasets, to ensure hotspots are captured, including areas with insu�cient data to assess their
species composition. To circumvent these issues, we identi�ed areas with low/no disturbance (based on an
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updated version of the human footprint map (34)) and then identi�ed the most productive parts of 15 biomes
based on productivity data. Using productivity as a surrogate of available energy for the ecosystem, and therefore
diversity, removes spatial errors due to uneven data collection and digitisation efforts (32, 33). By identifying the
most productive parts of each intact biome, we highlight the areas with the greatest ability to support biological
diversity, as productivity has been shown to be a correlate for species richness in a number of studies (35–37). To
assess the appropriate productivity metric, we compared the overlap with hotspots identi�ed using IUCN and
birdlife data for several different productivity metrics. This comparison assesses if hotspots are retained to ensure
known hotspots are captured, but areas missed by these datasets (i.e., due to political borders) are encompassed
by using an index that is standardized and representative across the planet, as it does not require human
decisions compared to species-based indices. Once the most potentially diverse parts and the percentage of
priority-areas falling into each country have been identi�ed, the relevant percentages of �ve major biomes (forest,
grassland/savanna, desert, riparian and freshwater, and mangrove) were calculated. To ensure our targets
consistently captured known sites of diversity, we compared our results to existing maps of richness for four
vertebrate and one invertebrate taxa, whilst avoiding potential biases inherent in many of these maps. These
richness maps were also used to determine which productivity was the best potential surrogate for species
richness. Finally, we analyze how much of those priority-areas are currently unprotected. This analysis was �rst
conducted at a global level, then for the 67 DSSI countries for detailed analysis.

Overall, the 67 DSSI countries host 22.31% of global biodiversity priority-areas, while only 17.03% of these priority-
areas are protected (Table 1, Data S1, Fig. 2A). Notably only 47.7% of protected areas (PA) overlapped with
priority-areas in these countries, highlighting the importance of protected area placement: Somalia, Liberia,
Djibouti have some of the lowest percentages of national priority-areas protected at 0-0.05%. Even as the area
protected increases, protection of priority-areas may not if suboptimal land is protected (e.g., Haiti protects 2.17%
of its land, but only 0.28% of its priority). Conversely, some countries with little overall protection protect most
remaining priorities (e.g., Bangladesh protects 4.43% of land area and 76.65% of its priority-areas).

Biome-speci�c debt-for nature swaps

To allow for biome-speci�c DNS (e.g., in the interest of speci�c DNS sponsors), we identify priority-areas and
assess their protection across biomes (see Table 1). Assessing priorities on a per-biome bases maximizes
ecological representativeness, which may otherwise miss regions with low absolute diversity but unique species
assemblages. 

For forest priorities (based on current forest coverage), the DR Congo is hosts 6.47% of the Earth’s priority forest
areas (Fig. 2A-B). These areas make up 62% of DR Congo’s land area, yet protected priority-areas only make up 9%
of DR Congo’s area covering 15% of its forest priorities (Fig. 2). A drastic case is Papua New Guinea, which hosts
1.8% of global top priority forest areas, equating to 60% of the islands land area. Yet protected priority-areas only
makeup 1.2% of the island, and 2% of national priority-areas.

For grassland priorities, Angola hosts 9.5% of global priority-areas. These priority-areas occupy 78.92% of the
country’s land area, of which only 4.72% are protected. Similarly, the DR Congo is a major priority for grasslands,
with 9.47% of the Earth’s priority grassland, of which only 9.51% are protected. 

For desert priorities few DSSI countries host desert priority-areas: among those, Madagascar hosts 1.9% of global
desert priority-areas, of which 21.91% are protected.
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For mangroves, Papua New Guinea hosts 7.41% global priority-areas. These equate to less than 0.4% of Papua
New Guinea’s land area. Nevertheless, only 4.42% of these mangrove priority-areas are protected. Bangladesh
hosts the next greatest mangrove area, (2.32% of global priority-areas), representing 0.4% of the country.
Bangladesh protects almost all (98.96%) of its mangroves and would thus not necessarily represent a good choice
for mangrove-speci�c DNS. The Solomon Islands hosts 1.64% of global priority-areas, which make up less than
1.4% of the land area, of which only 5.65% are protected. 

For freshwater priorities the DR Congo hosts 7.02% global priority-areas, making up 9.34% of its landmass of
which 17.94% are protected. This is followed by Papua New-Guinea which is home to 2.2% global freshwater
priority-areas, of which 4.08% are protected.

 

Country speci�c debt-for-nature swaps

For country-speci�c DNS, e.g., to maximize priority-area protection within Aichi target 11 of 17% PA coverage,
knowledge of priority-areas relevant for effective protection in each country is required. 

We calculate the percentages of unprotected priority-areas for each country and biome, analyzing relevant
coverage we identify speci�c national targets for DNS to maximize national and global priority-area protection
(Fig. 2B). DR-Congo has the highest priority-area, which hosted 5.2% of global surface area across all priority-
areas, occupying 88% of DR Congo’s land area, of which 12.69% are protected. In African countries, DNS has
signi�cant potential for grasslands. Tropical countries, like the Solomon Islands, Papua New Guinea and
Madagascar, are most in need of mangrove protection. Furthermore, countries like DR Congo have seen rapid rates
of deforestation, having lost 8% forest coverage since 2000, and around 0.7% annually for the last four
years (38) (Data S1). 

How much debt for nature?

The 67 countries had about USD522 billion external public debt stocks at the end of 2019. Public external debt as
a percentage of GDP varies greatly across the 67 countries: in 10 countries, the ratios are higher than 50%,
including Bhutan (104%), Cabo Verde (92%), Mozambique (73%), Djibouti (65%) and Mongolia (60%), Sao Tome
and Principe (58%), Lao PDR (57%), Mauritania (56%), Senegal (55%) and Zambia (51%). For most (55/67)
countries, the ratio falls between 10% and 50%. 46% of debt held by o�cial multilateral creditors (e.g., World
Bank), 34% by o�cial bilateral creditors (e.g., China), 13% by bondholders, and 7% by non-o�cial creditors (Fig.
3A). Some or all of this debt could be used for DNS.

Establishing the amount of debt to be swapped requires specifying the cost to establish and manage protected
areas, which is challenging: surveys on acquisition and operating cost for protected areas, as well as their ratios,
vary both across and within regions and biomes by factors of 50 (39). To nevertheless estimate the cost (see
supplement), data provided by James et al. (40) were adjusted to 2020 USD, which resulted in higher acquisition
cost than some current DNS. As a result, PA acquisition cost per km2 ranges from USD1,535 in Sub-Saharan
African, to USD17,350 in the Paci�c. Similarly, annual operating cost is estimated at 15% of acquisition
cost (41) on average, where operating costs include personnel, vehicles (including boats) and infrastructure,
whose values will vary based on the frequency of patrols, the area size and local salaries.
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For 35 countries, less than 0.1% of their public debt would allow to acquire all priority-areas, while for four
countries even 100% of their public debt would not su�ce to acquire unprotected priority-areas (Solomon Islands,
Papua New Guinea, Guyana and Central African Republic - Fig. 3). 

Using a hypothetical willingness to swap a maximum of 2%/5% of debt in each country to maximize priority-area
acquisition, 39/49 countries could protect 100% of priority-areas at a cost of USD4.97/8.44 billion. From a global
perspective, this swap would protect 7.8%/12.8% of global priority-areas and 19.7%/32.9% of global grassland
priority-areas (Fig. 3C). The 2%/5% debt swap would be equal to an average of 0.4/0.7% of GDP and maximum of
2.31%/3.70% of GDP across the 67 countries and thus be in the range of previous debt swaps.

We approximated the acquisition cost for all priority-areas in the surveyed countries to be USD 26.6 billion,
equaling to 5.06% of their total debt. This estimate is comparable to that e.g., of Waldron et al. (39). The authors
aim at protecting 30% of productive terrestrial and marine surface area, while our study only focuses on protecting
terrestrial unprotected priority-areas in a subset of countries for which debt for nature swaps may be available and
thus has a smaller scope. Therefore, if a multilateral mechanism were established to pool and distribute DNS
across countries depending on protection needs, all priority-areas could be acquired by swapping 5.06% of total
outstanding debt, even in countries, such as DR Congo, Central African Republic and Guyana, who hold high
shares of global priority-areas but compared to their priority-areas low levels of debt. 

Besides acquisition cost, PA management cost need to be covered. Part of these can be paid for through “re-
routed” interest payments on original debt. Based on previous DNS, we generously assume a 30% discount on the
swapped debt (e.g., the 2018 Seychelles DNS had a discount of only 5.4%). This would raise USD87/147 million
annually in the 2%/5% DNS scenario from within the countries. With the assumption of management cost being
15% of acquisition cost, the re-routed interest payments cover about 12% of management cost for each country.
The annual management cost gap would amount to USD649 million/USD1.1 billion in the 2%/5% scenario across
all countries. In a pooled scenario, annual management cost would amount to USD4 billion, with USD464 million
interest payment earmarked for management costs, leaving an annual funding gap of USD3.5 billion that would
need to be covered through other domestic or international sources.

Whose debt

Depending on the DNS scenario (2%/ 5%/pooled 5% DNS), different creditors would have to swap different
amounts of debt, as each debtor country has their speci�c pool of creditors. 

Assuming an equal participation in the DNS of all creditors, multilateral and o�cial bilateral creditors would have
to provide most of the debt for swapping in the three scenarios (Fig. 4: A for 2%, B for 5%, C for pooled 5% DNS),
particularly The World Bank (20.13%/18.66%/21.43%), and China (23.15%/24.77%/20.04%). China as a bilateral
creditor holds a higher share of debt in countries with high shares of unprotected priority-areas (Fig. 3A), its
contribution in the 2% and 5% maximum DNS scenarios would be higher than in the pooled DNS scenario (where
each creditor would provide 5% of its total outstanding loans in the 67 countries for DNS independent on the
speci�c debtors’ nature).

Debt-for-nature swap application
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The COVID19 crisis has provided a unique opportunity to conserve key priorities through applying DNS in many
emerging countries. DNS allow debtor countries in debt distress to reduce their debt burdens, while simultaneously
establishing protected areas. For successful application, DNS development must also consider social inclusion,
particularly to ensure the support of local populations and provision of livelihoods. DNS can also provide an
avenue for sustainable livelihood provisions through e.g. providing jobs in conservation and furthermore through
developing eco-tourism in these new PAs (e.g. Kenya’s ecotourism contributes around 10% of Kenya’s GDP) (42).
Accordingly, if planned well, DNS provide a “triple-win” mechanism to remove �nancial pressures on a country, to
reduce pressures on natural resources, and to support longer-term sustainable economic development through
local employment. 

While DNS are complex in their implementation, our framework and analyses aim to accelerate application of DNS
by bridging two current gaps: �rst, by highlighting the unprotected priority-areas in countries that are vulnerable to
both debt and nature loss we allow for identi�cation of DNS potentials; second, by allowing potential sponsors
interested in protecting speci�c biomes to identify creditor-debtor pairs where DNS would be most effective, we
accelerate funding. By bridging these gaps, we enable countries to meet global conservation targets most
effectively, while conserving a greater breadth of species and providing livelihood for communities. 

To maximize impact of DNS, multilateral negotiation pooling DNS and relevant interest payments, e.g., through a
trust fund under the CBD: if creditors and debtor countries can agree to apply DNS to 5% of all public debt, could
protect all priority-areas in all 67 countries. This could be implemented as a cost-effective �nancial contribution
mechanism for biodiversity conservation under a potential post-2020 “common but differentiated responsibility”
framework. Should a full multilateral approach be too challenging, the other options include multiparty
negotiations for each individual DSSI country, or bilateral debt negotiations particularly with those creditors that
hold the largest share of debt in individual debtor countries, e.g., China. 

By focusing on mostly less developed priority-areas in this article, the introduced framework and data for DNS
could provide an effective mechanism to �nance conservation of key areas for biodiversity and meet conservation
targets on a global scale.
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Shape�les of percentage area within a priority and debts are available as Extended data, and high-resolution GIS
�les for the six biomes plus overall priorities will be made available via an online repository.

Tables
Total share of
global priority-
areas in selected
67 countries

Percentage of
priority-areas
protected within
the 67 countries

Percentage
of priority-
areas
protected
globally

Top five
countries
with the
highest
priority

Highest
priority
country’s
share of
global
priority

Protected
priority-area for
biome in highest
priority country

22.32% 17.03% 15.14% 1. DR Congo 
 2. Angola 
 3.
Mozambique 
 4. Central
African
Republic 
 5. Papua
New Guinea

5.20% 12.70%

19.71% 16.93% 18.66% 1. DR Congo 
 2. Angola 
 3. Central
African
Republic 
 4. Papua
New Guinea 
 5.
Cameroon

6.47% 14.81%

d 50.63% 16.61% 13.75% 1. Angola 
 2. DR
Congo 
 3. Central
African
Republic* 
 4.
Mozambique 
 5. Ethiopia

9.51% 4.71%

5.34% 19.63% 10.25% 1.
Madagascar 
 2. Ethiopia 
 3. Angola 
 4. Mongolia 
 5. Pakistan

1.91% 21.91%

e 20.26% 30.15% 34.46% 1. Papua
New Guinea 
 2. Solomon
Islands+ 
 3.
Madagascar 
 4.
Mozambique 
 5. Myanmar

7.41% 4.41%

ter 21.57% 28.13% 22.92% 1. DR Congo 
 2. Papua
New
Guinea# 
 3. Angola 
 4. Zambia 
 5. Guyana

7.01% 4.08%

.

erview of priorities for biodiversity; (* for grassland Zambia would be in 3rd position but as 40.01%
ity-area is protected it has not been listed here, + for mangrove Bangladesh would be in second
t as 99% of the priority for mangroves are already protected this would not be useful; # for
the Republic of Congo would be second, but with 74.8% of the priority protected we have not listed
eas with under 1% of global priority for that biome have been italicized.
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Figures

Figure 1

Illustration of Debt-for-Nature Swap. Under standard loan conditions, debtor governments transfer debt service
payments (including principal and interests) regularly to creditors. When the debtor government is under �nancial
distress, a debt-for-nature swap could be initiated to avoid risk of default while establishing and maintaining new
protected areas.
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Figure 2

Priorities for conservation. A) High resolution priorities for the different biomes across Central Africa. Note that
some habitats are mixed, so may include priorities under more than one “biome” type. Top priority (T1) areas are
shown in green, whereas second-level priorities (T2) are shown in blue. Protected priority-areas are shown as paler
and grey areas are protected areas that do not cover priority-areas. B) Global priorities for biodiversity within the
67 DSSI countries. Ramp (yellow-black) shows percentage of global priority overall, pie-chart size indicates the
priority as a proportion of global priority-areas (so larger pies indicate larger proportions of all global priorities, and
the fractions of each colour indicate the percentage from each biome).
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Figure 3

Understanding the cost of protection. A). Public external debt and largest creditor in 67 DSSI eligible countries in
2019. The sizes of pie-charts refer to the overall public external debt-to-GDP ratios (ranging from 2-74%),
proportions of debt types are shown in pies, highlighting the degree of debt for each country and the type. Colours
of the main-creditors are shown as country colour, notably many African countries are largely credited by the
World Bank, followed by China. B). Cost for priority-area acquisition as % of public debt. C). Proportion of global
priority-area protection under different scenarios: e.g., the 67 countries host 50.6% of global grass priority-areas,
with a maximum of 2%/5% DNS, 32.92%/19.73% of the global grass priority-area could be protected.
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Figure 4

Cost of debt-for-nature swaps in three different scenarios. A). Maximum of 2%, B). Maximum of 5%, and C).
Pooled 5% of DNS.
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