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Abstract
The “Dasgupta Review” of the economics of biodiversity (Dasgupta 2021) identifies many 
factors that threaten the ecological sustainability of our economies. This article exam-
ines how two policy failures - the underpricing and underfunding of nature – influence 
global land use change and terrestrial biodiversity loss. If natural areas are priced too 
cheaply, then converting them to agriculture, forestry and other land uses is less costly 
than protecting or preserving habitats. Underfunding nature further reduces the incentives 
for conservation and restoration. The current global funding gap for biodiversity is just 
under $900 billion annually, and especially impacts developing countries. Ending the un-
derpricing of natural landscape requires removing environmentally harmful subsidies and 
adopting policies that place an additional cost on the use of land and natural resources or 
on pollution. Overcoming the funding gap means expanding public and private sources of 
financing nature, particularly for poorer countries, such as biodiversity offsets, payments 
for ecosystem services, debt-for-nature swaps, green bonds, sustainable supply chains and 
international environmental agreements. Using the example of peatlands, the article shows 
how such a comprehensive global strategy can be built.
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1 Introduction

Underlying the “Dasgupta Review” of the economics of biodiversity (Dasgupta 2021) is a 
fundamental policy message. Averting the global biodiversity crisis will require humankind 
to rethink the relationship between economy and nature. Or, as Sir Partha notes in the Head-
line Messages accompanying his Review:

“The solution starts with understanding and accepting a simple truth: our economies 
are embedded within Nature, not external to it.”1

Unfortunately, as the Dasgupta Review documents, our economies continue to treat nature 
not only as an “external” source of resource stocks and pollution sinks but also as an essen-
tially limitless one as well. Despite the increasing concern over global environmental risks, 
it has yet to translate into meaningful policy even though we have the tools to do so (Sterner 
et al. 2019).

Much of the Dasgupta Review is devoted to detailing the consequences of this inaction. 
It “highlights the serious, deep-rooted institutional and market failures that mean societies 
are failing to invest in the natural capital on which our ongoing prosperity depends, and are 
instead rapidly eroding that asset base, with growing economic costs and vulnerability to 
future disasters” (WWF UK 2021, p. 1).

The Dasgupta Review identifies many factors that threaten the ecological sustainability 
of our economies. The following article examines how two policy failures in particular - the 
underpricing and underfunding of nature – are critical to a major global environmental risk: 
land use change and terrestrial biodiversity loss.2

The main concern is the rapid conversion and degradation of natural habitats, such as 
forests, wetlands and grasslands. The principal threats are from agriculture, forestry, infra-
structure, human settlements and other economic activities. The resulting dramatic decline 
in plant and animal species has led some scientists to warn of possible “biological annihila-
tion” in coming decades (Cebellos et al. 2017).

The scale, speed and impacts of this destruction have been immense. Terrestrial ecologi-
cal communities worldwide have lost more than 20% of their original biodiversity (Díaz 
et al. 2019). Natural ecosystems have declined by almost half over the past 50 years, and 
millions of terrestrial species are likely to become extinct by 2100 (IPBES 2019). Land use 
change is also a significant contributor to global warming, accounting for 14% of total car-
bon emissions on average over 2010 to 2019 (Friedlingstein et al. 2020). Land use pressure 
has reduced local biodiversity intactness - the average proportion of natural biodiversity 
remaining in local ecosystems - beyond safe limits across the majority of the world’s land 
surface.3 Even protected areas are not safe. As much as one third of global protected land is 
under intense human pressure (Jones et al. 2018).

1  Quoted from p. 2 of The Economics of Biodiversity: The Dasgupta Review – Headline Messages. https://
assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/957629/Das-
gupta_Review_-_Headline_Messages.pdf

2  The views expressed in this article, especially the role of underpricing and underfunding nature in perpetu-
ating global environmental risks such as land use change and biodiversity loss, ocean and coastal decline, 
freshwater scarcity and climate change, are explored in more detail in Barbier (2022).

3  Newbold et al. (2016) estimate that natural biodiversity remaining in local ecosystems exceeds safe limits 
across 58.1% of the world’s land surface.
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Reversing these trends will require a major transformation in how economies use land 
and nature, as called for by the Dasgupta Review. This article explores different policy ini-
tiatives, both globally and within countries, to address this critical problem.

After briefly summarizing key trends of land use change and biodiversity loss, the article 
explains how the underpricing of nature inhibits the creation of the incentives, institutions 
and innovations needed to change humankind’s relationship with terrestrial ecosystems and 
biodiversity. Global biodiversity conservation is also plagued by underfunding, as the inter-
national community struggles to compensate developing countries for protecting valuable 
terrestrial habitats and restoring those that are degraded or converted. Overcoming such 
underfunding in the coming decades will be critical to halting the rapid decline in terrestrial 
natural capital.

The final part of this article looks more closely at policies to end the underpricing of 
natural landscape and the underfunding of nature. Collective action will require commit-
ments not only by rich countries to assist poorer ones in protection and restoration efforts, 
but also by the private sector to invest in nature to reduce the risks from biodiversity and 
ecosystem loss. The example of peatlands is used to illustrate how such a comprehensive 
global strategy could be constructed.

2 Key Trends

The growing crisis posed by land use change and biodiversity loss is captured by three 
global trends (see Fig. 1).

One indicator used to track “the degradation of nature” is the Living Planet Index (LPI), 
which covers thousands of populations of mammals, birds, reptiles, amphibians and fish 
from around the world.4 Over the past 50 years, the global LPI has been declining steadily, 
and it is now only 30% of its 1970 level.

4 The Living Planet Index (LPI) is a measure of the state of the world’s biological diversity based on popula-
tion trends of vertebrate species from terrestrial, freshwater and marine habitats. The current LPI comprises 
4,801 species and 27,580 populations. All indices are weighted by species richness, giving species-rich 
taxonomic groups in terrestrial, marine and freshwater systems more weight than groups with fewer species. 
For more details, see WWF (2020) and WWF/ZSL https://livingplanetindex.org/data_portal.

Fig. 1 Key trends in land use 
change and biodiversity loss, 
1970-2020
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Notes: Agricultural land refers to the share of land area that is arable, under permanent 
crops, and under permanent pastures. The agricultural land area trend over 1971-2018 is for 
low and middle-income countries, which are economies with 2019 per capita gross national 
income (GNI) of US$12,535 or less. These agricultural land data are from World Devel-
opment Indicators, available at https://databank.worldbank.org/source/world-development-
indicators. Natural forest is naturally regenerating forest, which is predominantly composed 
of trees established through natural regeneration. These tropical natural forest area data 
are from the Food and Agriculture Organization of the United Nations (FAO) Global For-
est Resources Assessment (FRA) 2020, available at https://fra-data.fao.org/WO/fra2020/
home/. Countries are defined as tropical following FAO FRA 2015 domain classification. In 
2020, natural forest in tropical low and middle-income countries comprised 1,710 million 
hectares (ha), which is 99% of all tropical natural forest worldwide and 46% of all global 
natural forest. The global Living Planet Index (LPI) over 1970-2020 represents 20,811 
populations of 4,392 species of mammals, birds, amphibians, reptiles and fish, available at 
WWF/ZSL https://livingplanetindex.org/data_portal. The base year for the LPI is 1970 (LPI 
= 100). The LPI from 2017 onwards is projected based on the 2010-2016 annual decline 
rate.

For terrestrial ecosystems, much biodiversity loss is occurring in developing countries, 
where agricultural land expansion continues to occur at the expense of natural forest, espe-
cially in tropical regions (see Fig. 1). Tropical forests are one of the most biologically rich 
and ecologically important biomes on Earth. Nearly all the world’s tropical natural forest 
is located in low and middle-income countries. Since 1990, these countries have lost 15% 
of their forests. Over the past five decades, land for agricultural production in developing 
economies has increased by 40%, with much of the expansion occurring since 1990. Addi-
tional causes of rapid land use change and biodiversity loss in developing countries are 
forestry, mining and other extractive activities.5

Thus, our economies are hardly “embedded in nature” as the Dasgupta Review maintains 
they need to be. To halt and possibly reverse terrestrial land use change, ecosystem decline 
and biodiversity loss requires addressing the principle causes underlying these trends. As 
the remainder of this article discusses, two key drivers are the persistent underpricing of 
natural landscape and the chronic global underfunding of nature.

3 Underpricing Natural Landscape

The Dasgupta Review notes that ecosystems are an important source of “wealth” as they 
support economies and boost the welfare of people. Individuals also value nature for its own 
intrinsic worth. The traditions, culture and way of life of many local communities and indig-
enous people are intimately connected with their surrounding environment. Consequently, 
ecosystems should be viewed as highly valuable capital assets to humankind, because they 
produce a very wide range of beneficial ecosystem goods and services – often called eco-
system services for short.

These ecological values and benefits may be irreversibly lost when we degrade or con-
vert nature. The fact that we ignore the rising cost of ecosystem loss signals that there is 

5 See, for example, Barbier (2019), Busch and Ferretti-Gallon (2017) and Leblois et al. (2017) for recent 
reviews of the causes of tropical land use change.
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something fundamentally wrong in the economics of managing our increasingly fragile ter-
restrial landscape. As the Dasgupta Review points out, “biodiversity should not be assigned 
a value of zero at the point of decision” (Groom and Trusk 2021, p. 20), yet that is exactly 
what our current markets and institutions allow to happen.

I refer to this main flaw in our economies as the underpricing of nature – or more spe-
cifically in the case of terrestrial ecosystem and biodiversity decline - the underpricing of 
natural landscape (Barbier 2022). Modern economies are squandering valuable natural and 
ecological capital and failing to act on rising global environmental risks. This is because 
the ecosystem services provided by natural habitats are not routinely reflected in markets. 
Instead, most ecosystem goods and services are available for free. We do not have to pay 
for them, as healthy ecosystems provide their valuable benefits to us through their natural 
structure and functioning. This is certainly the problem for much of the world’s remaining 
natural landscape.

But the problem is even worse. Not only do we not pay for the ecological degradation 
caused by land use change, but often we subsidize the economic activities that lead to this 
destruction. As the Dasgupta Review points out, we are not just pricing ecosystems and their 
services too cheaply, we are actually giving them a “negative price”, which is tantamount to 
paying some economic activities to destroy nature:

“The current structure of market prices works against our common future; the bio-
sphere is precious but priced cheaply, if it is priced at all. Worse, owing to a wide 
range of government subsidies, some services come with a negative price.” (Dasgupta 
2021, p. 234).

Governments currently spend a lot on damaging nature. Environmentally harmful subsi-
dies to agriculture alone amount to around $116 billion per year, which is about the same 
amount spent globally by the public and private sector on nature conservation and protec-
tion (OECD 2020a). Forestry subsidies that adversely impact terrestrial ecosystems are an 
additional $55 billion annually (Deutz et al. 2020). Governments also provide environmen-
tally beneficial subsidies to nature, but they currently average only about $0.89 billion per 
year (OECD 2019).

Consequently, the paramount challenge for decoupling our economies from ecological 
decline arising from land use change is to end the underpricing of natural landscape. Only 
then will our institutions, incentives and innovations reflect the growing ecological and 
natural resource scarcity that is caused by continuing land use change. Until we accept the 
need to remove perverse subsidies that encourage destructive land use practices that harm 
the environment and to implement policies to correct the cheap cost of converting natural 
habitats, we cannot begin to address the problem of excessive global land use change that is 
behind the continuing loss and degradation of our terrestrial ecological capital.

Taking the scarcity of terrestrial ecosystems and biodiversity into account will induce 
changes in our use of valuable natural landscapes, and encourage less conversion and more 
conservation and restoration. Ending the underpricing of natural landscape is particularly 
crucial to encouraging the most important innovations needed for decoupling destructive 
land use change and development – the sustainable intensification of existing land uses and 
the reduction in food and agricultural waste.
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Intensification of agriculture, forestry and other land uses, reducing waste and adopting 
sustainability practices will be essential to “bending the curve” of global ecological decline 
and biodiversity loss.6 Boosting the productivity and sustainability of land-use systems in 
low and middle-income countries is especially a priority, if we want to reduce conversion of 
the world’s remaining forests, wetlands and other natural habitat. According to Tilman et al. 
(2011), if current trends of agricultural intensification in wealthier nations and the pattern of 
land clearing in poorer nations were to continue, one billion additional hectares (ha) of land 
would be cleared globally for crops by 2050. On the other hand, greater agricultural inten-
sification in all countries would mean only 250,000 million more hectares of land cleared.

6  See, for example, Ellis et al. (2013), Leclère et al. (2020), Mace et al. (2018), Mehrabi et al. (2018), Spring-
mann et al. (2018) and Tilman et al. (2011).

Category Amount 
per year

Description and source

1. Fund-
ing from all 
sources

$78.3–
$90.7 
billion

OECD (2020a).

Public domestic 
finance

$67.8 
billion

Average annual spending over 
2015–2017 by 81 countries.

Public interna-
tional finance

$3.9–$9.3 
billion

Bilateral and multilateral official 
development assistance and conces-
sional flows.

Private sector 
finance

$6.6–
$13.6 
billion

Average annual spending over 
2015–2017 on biodiversity offsets, 
sustainable commodities, forest carbon 
finance, payments for ecosystem ser-
vices, water quality trading and offsets, 
philanthropic spending, private con-
tributions to conservation NGOs, and 
private finance leveraged by bilateral 
and multilateral public development 
finance ($41-$155 million annually).

2. Funding 
needs

$969.6 
billion

Costs of tropical 
natural climate 
solutions (NCS)

$618 
billion

Author’s estimates based on 35 tropi-
cal countries with cost-effective natural 
climate solutions and median cost of 
5.5% of GDP (Griscom et al. 2020).

Costs of restor-
ing degraded 
landscape

$350 
billion

Costs of restoring 350 million hectares 
of degraded forest and agricultural 
land (Ding et al. 2019).

Costs of reduc-
ing pandemic 
risk

$9.6 
billion

Direct forest protection payments to 
reduce tropical deforestation in areas at 
highest risk of wildlife-human disease 
spillover (Dobson et al. 2020).

Funding gap 
(2.–1.)

$878.9–
$891.3 
billion

Table 1 Global underfunding 
of nature
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Ending the underpricing of natural landscape would go a long way towards fostering 
greater agricultural intensification and decoupling our economies from land use change, 
ecological decline and biodiversity loss. In addition, simply because many low and middle-
income economies are highly dependent on their land and natural resources does not mean 
that they should underprice their economically and ecologically valuable natural landscape. 
Rather than help their economies develop and end poverty, such underpricing actually 
works against sustainable and inclusive development. Government policies that promote 
and subsidize agriculture, forestry, mining and other primary production activities encour-
age further land use conversion and natural resource overexploitation. This in turn impacts 
the long-run economic performance of economies.7

4 Underfunding of Nature

Ending the underpricing of natural landscape in all countries, including low and middle-
income countries, is vital to reducing global loss of terrestrial ecological capital and biodi-
versity. The other imperative is to end the underfunding of nature worldwide.

Table 1 summarizes the extent of the current underfunding problem.
Global financing for nature conservation and protection from all sources is around $78 

to $91 billion each year (see Table 1). It includes domestic spending by 81 countries ($68 
billion) and private expenditure ($6.6 to $13.6 billion). The latter comprises biodiversity 
offsets, sustainable commodities, forest carbon finance, payments for ecosystem services, 
water quality trading and offsets, philanthropic spending, private contributions to conserva-
tion non-governmental organizations (NGOs), and private finance leveraged by bilateral 
and multilateral public development finance. International public finance for nature, in the 
form of bilateral and multilateral assistance to low and middle-income countries, is $3.9 to 
$9.3 billion each year.

Just under $100 billion a year to fund nature sounds like a lot. But it isn’t. Table 1 lists 
three important “funding needs” for global conservation: reducing the greenhouse gas emis-
sions contributed by land use change, restoring degraded landscapes, and reducing the risks 
of future disease outbreaks caused by wildlife habitat loss. Together, these funding needs 
require a total annual investment of around $970 billion.

As mentioned previously, land use change contributes around 14% of global greenhouse 
gas emissions (Friedlingstein et al. 2020). It may be even a larger share in poorer econo-
mies. As Bowen and Fankhauser (2011, p. 157) note, “the most important source of green-
house gas emissions in low-income countries remains, by some distance, land-use change 
and forestry. Together it accounts for 50% of low-income country emissions.” Greenhouse 
gas emissions from land use change in tropical developing economies can be reduced sig-
nificantly through natural climate solutions (NCS), which conserve, restore and improve 
land management to protect biodiversity and ecosystem services (Griscom et al. 2020). As 
indicated in Table 1, the additional funding needed to implement cost-effective NCS in 35 
tropical low and middle-income countries that show potential for such approaches could be 
well over $600 billion per year.

7  Since the landmark study by Mehlum et al. (2006), there has been a growing economics literature exam-
ining this interaction; e.g., for reviews, see Badeeb et al. (2017), Barbier (2019), Havranek et al. (2016), 
Papyrakis (2017) and van der Ploeg (2011).
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The costs of restoring globally 350 million hectares of degraded forest and agricultural 
land amounts to around $350 billion annually (see Table 1). However, public funding for 
such activities is only $41 billion per year, and private investment about $10 billion. The 
annual shortfall in global funding of landscape restoration is therefore about $300 billion. 
Yet, for every dollar invested in restoring degraded forest, anywhere from $7 to $30 in eco-
nomic benefits are generated (Ding et al. 2019).

Nearly two thirds of emerging infectious diseases spread from animals to humans, and 
three-quarters of them originate in wildlife (Cunningham et al. 2017 and Jones et al. 2008). 
An important cause is the reduction in natural habitat, which increases the likelihood of 
disease spillovers between infected animals (Barbier 2021; Cunningham et al. 2017; Faust 
et al. 2018; Gibb et al. 2020). If we want to prevent future pandemics from wildlife-borne 
diseases, such as COVID-19, we must also reduce exploitation and protect our natural habi-
tat. The estimated price tag for reducing deforestation of tropical habitats with highest risk 
of virus spillover from wildlife to humans is just under $10 billion per year (see Table 1).

As a consequence, there is a very large biodiversity funding gap between current sources 
and investment needs. As Table 1 indicates, this gap in funding amounts to just under $900 
billion annually. Although this estimate of the biodiversity funding gap is a ballpark figure 
and should be treated with caution, it is largely in line with other estimates.

For example, UNEP (2021) finds that approximately $133 billion per year is invested in 
nature-based solutions, which are broadly defined as actions to protect, sustainably man-
age, and restore natural or modified ecosystems, while also addressing societal challenges, 
such as food security, climate change, water security, human health, disaster risk, social 
and economic development. UNEP (2021) assesses that 86% ($115 billion) of the annual 
funding for nature-based solutions is from public sources, and 14% ($18 billion) from pri-
vate sources. The report excludes investments in the marine environment, but does include 
mangroves. UNEP (2021) maintains that, if the world is to meet its climate change and 
biodiversity targets, annual funding for nature-based solutions needs to increase three-fold 
by 2030 and four-fold by 2050, or around $536 billion per year. However, unlike Table 1, 
this estimate does not include restoration of 350 million ha of degraded agricultural and for-
est land (Ding et al. 2019) or protecting tropical forest with high wildlife disease spillover 
(Dobson et al. 2020).

Similarly, Deutz et al. (2020) find that, as of 2019, current spending on global biodiver-
sity conservation (terrestrial and marine) is between $124 and $143 billion per year, against 
a total estimated biodiversity protection need of between $722 and $967 billion per year. 
This leaves a current biodiversity financing gap of between US$ 598 billion and US$ 824 
billion per year. However, unlike Table 1, the estimates of Deutz et al. (2020) do not include 
the costs of restoring degraded agricultural and forest land (Ding et al. 2019 ; Griscom et 
al. 2020; UNEP 2021) or protecting tropical forests with diseases spillover (Dobson et al. 
2020).

Regardless, depending on the estimates used, the global biodiversity funding gap is 
still substantial. It is between $500 billion and $900 billion per year. Moreover, this global 
shortfall disproportionately impacts protection and conservation in low and middle-income 
countries. Most of the world’s remaining terrestrial biodiversity and natural landscape are 
in these economies, and over three-quarters of species are found in the tropics (Barlow et 
al. 2018). Currently, the international community provides around $4 to $9 billion each 
year to assist these countries in their effort to protect and conserve nature, with perhaps an 
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additional $500 million from private finance mobilized by international aid agencies (see 
Table 1). But such global funding for developing countries is woefully inadequate to prevent 
habitat loss and over-exploitation, and is a major reason why the world is not preserving 
sufficient natural landscape and biodiversity.

Private sources of funding biodiversity are also insufficient, especially given the con-
siderable benefits of biodiversity and ecosystem services in supporting market activities. 
Private sector finance – even including philanthropic and NGO support – is $6.6 to $13.6 
billion each year (see Table 1). In comparison, the World Economic Forum analyzed 163 
industry sectors and their supply chains, and found that $44 trillion of global value added 
is moderately or highly dependent on nature and its services (WEF 2020). This amounts to 
over half of the world’s GDP. Even if these benefits are over-estimated by a magnitude of 
ten or even a hundred, they suggest that nature is grossly underpriced and underfunded by 
the private sector.

5 Ending Underpricing

A key step in ending the underpricing of natural landscape is to remove environmentally 
harmful subsidies. Curtailing such subsidies in agriculture and forestry could control ineffi-
cient and unsustainable land use, as well as excessive conversion and degradation of natural 
landscape. As indicated earlier, environmentally harmful subsidies in agriculture amount to 
around $116 billion annually, which is about the same amount spend each year on nature 
globally (OECD 2020a). In other words, if we removed all environmentally harmful subsi-
dies in agriculture, and devoted the released funds to natural landscape protection instead, 
we would double the financing for nature worldwide. Similarly, if we reallocate the $55 
billion in environmentally harmful forestry subsidies (Deutz et al. 2020), we could increase 
global conservation of natural landscape even further.

There may also be equity gains. Reviews of input subsidy programs in Sub-Saharan 
Africa indicate that they have largely failed to achieve the objectives of widespread agri-
cultural intensification and more sustainable land use, while also largely benefiting mainly 
larger and wealthier farmers rather than poor smallholders (Holden 2019; Jayne et al. 2018). 
As pointed out by Holden (2019, p. 516), “The fundamental reason for this is that they have 
been captured by elites who are able to reap the lion’s share of the benefits and at the same 
time gain political support from the rural masses that hope to benefit from the subsidies.”

A better approach to increase agricultural intensification and reduce deforestation in 
Africa and other developing regions is to remove agricultural input subsidies and invest 
the savings in targeted investments to enhance sustainable land use among poor rural 
smallholders. Smallholder agriculture in most remote and marginal agricultural areas of 
Africa, Asia and Latin America is still a low development priority. Yet, targeting policies 
and investments to improve smallholder agriculture, land distribution and livelihoods in 
marginal environments could be a significant catalyst for green transformation in many low 
and middle-income economies. In these countries, about 70 to 80% of farms are smaller 
than 2 hectares, and they occupy about 30 to 40% of available agricultural land (Lowder et 
al. 2016). Investments and policies that support sustainable smallholder land use and liveli-
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hood diversification not only reduce poverty but also encourage environmental protection 
and land regeneration, especially in remote land-abundant areas.8

Investments and policies that improve and diversify the livelihoods of smallholders can 
indirectly spur conservation when smallholders see additional value from protecting and 
restoring natural areas and from afforestation on their own lands. For example, much of the 
decline in deforestation trends in Latin America can also be attributable to the “woodland 
green revolution”, which has arisen through the cultivation of non-timber forest products, 
timber and tree-based crops by smallholders and their protection of the surrounding natural 
landscape (Hecht 2014).

In addition to eliminating environmentally harmful subsidies it may also be necessary to 
tax pesticides, fertilizers, forest products and timber harvests that place an additional cost on 
the use of land and natural resources or on environmentally damaging pollution. Such taxes 
can help ensure that agriculture, forestry and other land uses are not excessively degrading 
the environment, over-exploiting natural resources and unnecessarily converting ecosys-
tems. In addition, the revenues raised from these taxes can be channeled into the conserva-
tion, restoration and sustainable use of natural landscape and ecosystems.

Since 1980, such biodiversity-relevant taxes have been rising steadily in 59 countries. 
However, these taxes are still too small to have a significant impact on the underpricing of 
nature. They generate only about $7.5 billion a year in revenue, equivalent to around 1% of 
the total revenue from all environmentally relevant taxes (OECD 2020b). In comparison, 
environmentally harmful agricultural subsidies are fifteen times greater (OECD 2020a).

Increasing use of biodiversity-relevant taxes to deter excessive loss of ecological capital 
is clearly a priority. But more innovative policies are also required.

One possibility is a tropical carbon tax (Barbier et al. 2020). This is a levy placed on fos-
sil fuel imports and consumption in tropical countries, with some of the proceeds invested in 
natural climate solutions (NCS) aimed at conserving, restoring and improving land manage-
ment to protect biodiversity and ecosystem services. NCS are a relatively inexpensive way 
of reducing tropical land use change, which is not only a major cause of global biodiversity 
loss but an important source of greenhouse gas emissions. For example, cost-effective tropi-
cal NCS can mitigate 6,560 106 tonnes of CO2e in the coming decades at less than $100 
per 103 tonnes of CO2e, which is about one quarter of emissions from all tropical countries 
(Griscom et al. 2020).

Costa Rica and Colombia have already adopted a tropical carbon tax strategy. If 12 other 
megadiverse countries roll out a policy similar to Colombia’s, they could raise $1.8 billion 
each year between them to invest in natural habitats that benefit the climate (Barbier et 
al. 2020). A more ambitious policy of taxation and revenue allocation could yield nearly 
$13 billion each year for natural climate solutions. Such investments could also mitigate 
substantial greenhouse gas emissions in temperature countries as well. For example, the 
United States could abate 299 million tonnes CO2e of greenhouse gas emissions annually 
through cost-effective NCS, which would also provide other benefits, such as air and water 
filtration, flood control, soil conservation and wildlife habitats (Fargione et al. 2018). Most 
importantly, investing in NCS places a value on nature and its services, and sends a market 
signal that ecological capital is a valuable economic asset that is worth holding onto rather 
than converting to other land uses.

8  See, for example, Barbier and Hochard (2019), Hecht (2014), Holden (2019), Huang (2018), Larson et al. 
(2016) and Pingali (2012).
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Pricing natural landscape appropriately may also be important for decoupling agricul-
tural and rural development from continued land expansion and deforestation. But instead, 
most countries have attempted to control land use change through more direct policies, such 
as imposing environmental regulations and limiting forest conversion, with mixed results.

Even though there are signs that environmental restrictions can limit excessive agricul-
tural land expansion, their effectiveness remains limited as long as forests and other natural 
landscape are undervalued compared to agricultural uses. For example, in the Brazilian 
Amazon, appreciation of land values due to soy expansion has contributed to significant 
deforestation and conversion of other natural habitat, because these areas are treated as if 
they have no other value. Cattle ranching is still pervasive, and although it is a relatively 
low-value land use with limited land productivity, rangeland expansion continues to gener-
ate substantial deforestation because natural forest is considered worth even less (Cardoso 
da Silva et al. 2017; Holland et al. 2016; Richards 2015; Richards et al. 2014).

In an attempt to control tropical deforestation from primary product industries, in 2011 
Indonesia implemented a moratorium on new concessions for oil palm plantations, timber 
plantations and logging activity on primary forests and peatlands. In the first few years after 
its implementation, the moratorium did reduce deforestation. But the policy would have 
been more effective if it was combined with price-based instruments, such as carbon pay-
ments, payments for ecosystem services, taxes on deforestations or certified environmen-
tally sustainable products, “all of which attempt to raise the private value of maintaining 
land as forest relative to converting land to agriculture” (Busch et al. 2015, p. 1331).

6 Overcoming the Funding Gap

If the rest of the world does substantially increase its funding of conservation investments in 
poorer countries, it could have a major impact on saving ecosystems and biodiversity. The 
key question is what collective action is needed globally to ensure that such investments in 
nature occur?

One avenue is for wealthier countries not only to increase the amount of their own 
domestic spending on nature conservation but also to devote substantially more bilateral 
and multilateral assistance to poorer countries.

Increasing domestic conservation investments can provide much needed economic bene-
fits, including jobs, which should be an important consideration as major economies recover 
from the COVID-19 pandemic. For example, ecosystem restoration in the United States 
provides direct employment for 126,000 workers and generates $9.5 billion in economic 
output annually, while creating a further 95,000 indirect jobs and $15 billion in household 
spending (BenDor et al. 2015; OECD 2020b).

The returns to increased conservation investment in developing countries could be even 
greater. In 16 low and middle-income countries, for every dollar spent in conservation, 
almost seven dollars more are generated in the economy after five years (Batini et al. 2021). 
The authors attribute these high returns to three factors. First, conversation spending spon-
sored by donors supplements domestic resources in developing countries rather than crowds 
them out. Second, conservation actions in these countries are highly labor-intensive and 
create jobs. Finally, as discussed earlier, conservation of natural landscape protects ecosys-
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tem services that support the economic livelihoods of the rural poor, including water, food, 
fodder, resource harvests and protection from extreme events.

One way that richer countries could fund more conservation in poorer economies is to 
step up their investments in biodiversity offsets and payments for ecosystem services.

Biodiversity offsets are conservation actions, such as protecting threatened forests or 
restoring wetlands, which are intended to compensate for unavoidable losses to natural 
habitats caused by other investments in the economy. The objective is to ensure at least 
a no net loss of biodiversity and, where possible, a net gain. Globally, about $5 billion is 
spent annually on biodiversity offsets (OECD 2020b). However, much of these offsets occur 
domestically within wealthier economies. Richer countries and multilateral agencies need 
to increase their assistance to low and middle-income countries for funding biodiversity 
offsets.

Payments for ecosystem services are market transactions, usually direct cash or credit 
payments, made by those who benefit from ecosystem services to landowners who have 
agreed to provide these services through specific actions, such as habitat conservation or 
restoration. The type of ecosystem services generated include watershed protection, carbon 
sequestration, water quality benefits, biodiversity conservation and wildlife habitat benefits. 
Ten large, publicly funded payments for ecosystem services programs account for around 
$10 billion of global funding annually. In addition, private schemes that pay for watershed 
protection services provide financing of around $15 million each year (OECD 2020a and 
2020b).

There is plenty of scope to expand public and private payments for ecosystem services, 
and especially to fund more projects in developing countries. Such schemes should focus on 
tropical countries where natural climate solutions are most cost-effective and to reduce trop-
ical deforestation in areas at highest risk of wildlife-human disease spillover (see Table 1). 
Tropical countries that benefit most from the extra spending on biodiversity conservation 
should also be a priority (see Table 2).

The COVID-19 pandemic has caused rising debt levels and budget cuts in low and mid-
dle-income countries. As a possible win-win strategy for addressing the climate and debt 
crises, lender countries could offer lower interest rates and principal repayments in return 
for increasing biodiversity and natural area protection in borrowing countries, in exchange 
for the latter delivering on additional conservation actions and investments. The basic idea 
of such debt-for-nature swaps involves restructuring or cancelling some of a nation’s for-
eign debt in exchange for investment in greater conservation of natural areas.

Such deals have existed since the late 1980s. Since 1990, debt-for-nature swaps by the 
United States cancelled approximately $1.8 billion owed by 21 low- and middle-income 
countries. The swaps generated $400 million for conservation. Debt-for-nature swaps car-
ried out by all other high-income countries totaled $1 billion of debt cancelled and generated 
about $500 million for conservation. Evidence suggests that the US bilateral debt-for-nature 
deals have been associated with lower rates of forest loss in borrowing countries.9

9 Sommer et al. (2020). However, Cassimon et al. (2011) find that debt-for-nature swaps have also typically 
displayed a number of shortcomings: they often fail to deliver additional resources to the debtor country 
or to the government budget; often fail to deliver more resources for conservation purposes; often have a 
negligible effect on overall debt burdens; and are often in conflict with principles of alignment with govern-
ment policy and institutions.
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If debt-for-nature swaps are to be effective in closing the funding gap for global nature 
conservation, clearly more deals need to be made and key shortcomings addressed. One 
option is to expand the range of conservation actions to include a commitment by partici-
pating low and middle-income countries to ending the underpricing of natural landscape. 
By undertaking subsidy reforms and pricing land conversion in exchange for debt relief, 
these countries will be re-establishing their credit worthiness with financial investors and 
markets. This could potentially be a win-win strategy for addressing both the debt crisis and 
underfunding of nature faced by many developing countries.

Another way to close the funding gap is to expand the use of green bonds for biodiversity 
and sustainable land use investments. These are debt instruments where the proceeds are 
used exclusively to finance or refinance projects with environmental benefits. First issued in 
by the European Investment Bank in 2007 and the World Bank in 2008, green bonds reached 
a market value of $258 billion in 2019. The Luxembourg Stock Exchange established the 
first dedicated Green Exchange (LGX) that includes trading in green bonds in 2016.10 The 
issuers of green bonds are typically local and national governments, corporations and mul-
tilateral development agencies and banks.

While the global market for green bonds is growing, their focus is mainly on renewable 
energy, energy efficiency, green transport and other climate change mitigation investments. 
Green bonds are rarely used to finance biodiversity conservation and sustainable land use. 
Climate change, energy and transport have accounted for around 80% of green bonds; land 
use projects only 3% (Chahine and Liagre 2020).

The main issuer of green bonds for investments in low and middle-income economies is 
the World Bank. Since 2008, the Bank has issued green bonds to raise $17 billion for eli-
gible projects worldwide. Of these commitments, nearly $12 billion in green bond proceeds 
have been disbursed to support 106 projects in 31 developing countries. But 63% of the 
projects funded have been for renewable energy, energy efficiency and clean transportation. 
Only 15% have been allocated to agriculture, land use, forests and ecological resources and 
4% to biodiversity, with a total allocation of just over $1.6 billion (World Bank 2020).

If greens bonds are to catalyze more biodiversity and sustainable land use investments, 
especially in developing countries, several limitations need to be overcome. Two key chal-
lenges are the relatively small scale of many conservation projects compared to clean energy 
and transport investments, and as a result, the perceived relative low returns and signifi-
cant risk of investing in biodiversity and sustainable land use. The average value of issued 
green bonds is $150 million, but individual conservation projects in low and middle-income 
countries are unlikely to reach such a scale, unless they are bundled into larger investment 
opportunities (Chahine and Liagre 2020).

Developing country governments, working with multilateral agencies issuing green 
bonds, local governments and NGOS, could identify and combine individual natural land-
scape projects from various localities and regions into a single nation-wide investment 
portfolio. A green bond could then be issued for the entire portfolio of projects, and then 
disbursed to individual regional and local investments.

10 Chahine and Liagre (2020) and World Bank (2020). Note that, as traded assets, the market valuation of 
green bonds does not necessarily reflect the amount of money raised by issuers of green bonds to finance 
environmental projects. As Chahine and Liagre (2020, p. 1) comment about the rapid expansion in the market 
value of green bonds in recent years: “A lot of this growth has been captured by different stock exchanges 
where Green Bonds are listed.”
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Green bonds could also be issued to support other scalable conservation actions, such as 
a country-wide program of payments for ecosystem services, biodiversity offsets, ecological 
restoration, or for expanding protected areas, their policing and monitoring. A good example 
is Mexico’s recently completed $350 million Forests and Climate Change program, which 
was partially funded by the issuance of a World Bank green bond. The project supported 
rural communities’ sustainable management of forests, generated additional income for 
these communities from forest products and services, and significantly reduced greenhouse 
gas emissions from deforestation and forest degradation (World Bank 2020).

But if we really want to end the underfunding of global biodiversity, the corporate world 
needs to step up. This is especially important for key sectors dependent on terrestrial natural 
landscape, such as forestry and agricultural industries.

One way is for these industries to transform their supply chains, many of which are 
environmentally destructive. Between 2000 and 2012, beef, soy, forest products (timber and 
pulp) and palm oil accounted for over 1 million km2 of tropical forest loss (40% of global 
deforestation), including forested peatlands, with 31% of this loss attributed to exports and 
supply chains to the European Union and China (Haupt et al. 2020). On the other hand, con-
sumer, shareholder and investor pressure is motivating companies to invest in making their 
supply chains more sustainable. One estimate indicates that corporate sustainable supply 
chains globally are allocating $5.5 to $8.2 billion annually toward biodiversity conservation 
(Deutz et al. 2020). This needs to continue and expand.

Agricultural and forestry sectors stand to gain significantly from greater participation 
and investments in global biodiversity conservation (Barbier et al. 2018). By spending $15 
to $30 billion annually to protect natural forests worldwide, the forest products industry 
would attain its own industry sustainable forest management goals and boost profits. Agri-
culture also has an incentive to protect habitats of wild pollinators, who along with managed 
populations enhance global crop production by $235 billion to $577 billion each year. One 
way to catalyze on such investments is through formal international agreements that allow 
formal participation by leading corporations in forestry, agricultural and other sectors that 
benefit from conservation. In exchange for committing to the agreement, the corporations 
would have to commit funding to conserve natural areas and sustainable land use globally. 
The resulting increase in industry revenues and profits could provide $25-50 billion annu-
ally for global conservation, which would help close the funding gap (Barbier et al. 2018).

In sum, we have to scale up and align finance for biodiversity and natural landscape 
conservation from all sources, public and private. For example, it is estimated that we need 
at least three if not four times the amount of current annual spending on natural-based solu-
tions, if the world is to meet its climate change, biodiversity and land degradation targets 
(UNEP 2021). Actions by individual governments and businesses are important, but this 
must be a collective effort. As many businesses worldwide are the main beneficiaries from 
nature and its services, it is time for major corporations to do their part.

7 A Comprehensive Global Policy Strategy: Peatlands

Ending the underpricing and underfunding of natural landscape requires a comprehensive 
policy strategy, which will include both public and private initiatives and substantial assis-
tance to poorer countries. Any strategy also needs to overcome the market, institutional 
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and incentive barriers preventing the implementation of conservation and restoration of 
key habitats in host countries. To illustrate further, the example of a comprehensive global 
policy for peatlands is explored.11

A peatland is “an area with or without vegetation with a naturally accumulated peat layer 
at the surface” (Joosten and Clarke 2002, p. 24). Peat is partially decayed plant material that 
accumulates under waterlogged conditions over long time periods. Commonly called peat 
swamp forests, fens, bogs or mires, they represent 50 to 70% of global wetlands and cover 
over four million square kilometers (km2) or 3% of the land area of the planet (Humpenöder 
et al. 2020; Joosten and Clarke 2002 and Xu et al. 2018b).

Peatlands are especially vital for combatting the climate crisis. If undisturbed, peat lay-
ers are an effective permanent store of carbon. Consequently, peatlands are one of the most 
carbon-dense terrestrial ecosystems globally, storing twice as much carbon as the world’s 
forests (Leifeld and Menichetti 2018). In addition, peatlands provide habitat for many 
unique and threatened species, support water cycles, control pollution and sediments, are a 
source of locally harvested products, and serve as an inspiration for art, religion, and other 

11  See Barbier and Burgess (2021) for further details on such a global strategy for ending the underpricing 
and undervaluing of peatlands.

Table 2 Carbon mitigation potential and costs of peatland conservation and restoration in tropical countries 
at cost-effective levels (<–US$100 per tonne of CO2e)

Peatland conservation Peatland restoration Total
Country An-

nual carbon 
mitigation 
MtCO2e/year

Annual cost 
US$M/yeara

An-
nual carbon 
mitigation 
MtCO2e/year

Annual cost 
US$M/yeara

An-
nual carbon 
mitigation 
MtCO2e/year

Annual cost 
US$M/yeara

Indonesia 462.82 23,141.0 174.65 8,732.5 637.47 31,873.5
Malaysia 51.31 2,565.5 16.77 838.5 68.08 3,404.0
Papua New 
Guinea

24.5 1,225.0 6.98 349.0 31.48 1,574.0

Uganda 7.92 396.0 6.98 349.0 14.9 745.0
Brazil 1.58 79.0 4.2 210.0 5.78 289.0
Dem Rep of 
Congo

0.85 42.5 0.84 42.0 1.69 84.5

Peru 0.05 2.5 0.14 7.0 0.19 9.5
Republic of 
Congo

0.01 0.5 0.01 0.5 0.02 1.0

Total 8 
countries

549.0 27,452.0 210.6 10,528.5 759.6 37,980.5

Global share 
(%)

(97%) (97%) (90%) (90%) (95%) (95%)

Other 
countries

17.2 861.0 23.6 1,179.5 40.8 2,040.5

Global total 566 28,313 234 11,708 800 40,021
Notes: a Following Griscom et al. (2020), annual cost estimate is US$50 per tonne of carbon dioxide 
equivalent (tCO2e) multiplied by annual cost-effective mitigation, which is an approximation of the area 
under the marginal cost curve up to the cost-effective level of mitigation. Peatland conservation and 
restoration is considered cost-effective mitigation if it costs less than US$100 per tonne of carbon dioxide 
equivalent (tCO2e) mitigated. M = mega or million (106). Estimates are for 77 tropical countries
Source: Based on Griscom et al. (2020)
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cultural values (Barbier and Burgess 2021; Bullock et al. 2012; Glenk and Martin-Ortega 
2018; Martin-Ortega et al. 2014).

But global peatlands are in serious decline, especially in tropical developing countries. 
Around 11-15% of these ecosystems have been drained for agriculture, grazing, peat min-
ing and forestry, and a further 5-10% are degraded through vegetation removal or alteration 
(Humpenöder et al. 2020; Leifeld and Menichetti 2018; Leifeld et al. 2019). Peatland decline 
has slowed somewhat in temperate and boreal regions, but the loss of tropical peatlands con-
tinues at a high rate. If unchecked, the area of peatland converted in tropical regions could 
increase to around 300,000 square kilometers (km2) by 2050 (Leifeld et al. 2019). This is 
almost double today’s drained peatland area in the tropics.

This continuing global loss of peatlands is a classic example of the underpricing and 
underfunding of nature (Barbier and Burgess 2021). The principal cause for the mismanage-
ment of global peatlands is that their economic contributions are undervalued. Commercial 
activities and policies that degrade and convert these high-carbon ecosystems often ignore 
or fail to account adequately for their benefits to society. In addition, global peatland conser-
vation and restoration suffer from chronic underinvestment. The current public and private 
funding of peatlands falls well short of what is needed to save such valuable ecosystems.

Although the economic and environmental benefits of peatlands are often consider-
able, the cost of restoring degraded or drained peatlands can be high, especially in tropical 
regions (Hansson and Dargusch 2018). To rewet 40% of drained peatlands by 2050, annual 
global investments in peatland restoration must rise from nearly US$19 billion annually to 
US$31 billion by 2030, to US$39 billion by 2040, and then in excess of US$46 billion by 
2050 (Barbier and Burgess 2021).

An alternative indication of the funds needed is to estimate how much it would cost to 
conserve and restore tropical peatlands as a nature-based solution for greenhouse gas miti-
gation. Table 2 provides one such estimate for 79 tropical countries.

Investing in cost-effective tropical peatland conservation and restoration for carbon miti-
gation would reduce global greenhouse gas emissions by 800 million tonnes per year. That 
is more than the annul emissions of Germany, or just under 3% of the global total.12 As 
Table 2 indicates, attaining this mitigation potential requires an annual investment of US$40 
billion per year in tropical peatland conservation and restoration (US$28.3 billion for con-
servation and US$11.7 billion for restoration).

The estimates in Table 2 illustrate the current challenge of underinvestment in global 
tropical peatland restoration and conservation. This is especially urgent for the eight coun-
tries that could potentially account for 97% of the carbon mitigation from investing in 
tropical peatlands – Indonesia, Malaysia, Papua New Guinea, Uganda, Brazil, Democratic 
Republic of Congo, Peru and Republic of Congo.

For example, currently Indonesia has around US$200 million in domestic and inter-
national funds for annual spending on peatland restoration. This sounds considerable, but 
given the high costs of tropical restoration, such funds will be sufficient to restore only 1,000 
km2 of peatlands annually, which is well below what is needed. Budiharta et al. (2018) esti-
mate that offsetting the carbon emissions attributable to the existing 46,000 km2 of indus-
trial oil-palm plantations in Kalimantan, Indonesia requires restoring 4,000 to 16,000 km2 
of degraded peatlands, including failed agricultural projects, at a cost of US$0.7–2.9 billion. 
Offsetting biodiversity losses would require at least 47,000 km2of degraded areas to be 

12  See https://www.ucsusa.org/resources/each-countrys-share-co2-emissions.
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restored at a cost of US$7.7 billion. To realize these targets, as well as to achieve the carbon 
mitigation potential estimated in Table 2, Indonesia will require much more funding for 
conserving and restoring its peatlands. The same is true for many other tropical countries.

In addition, existing funding for all nature-based solutions, including peatlands, is heav-
ily reliant on public sources of financing. Around 86% of global nature-based solutions 
comes from either domestic government funds, bilateral and multilateral assistance or other 
public funds (UNEP 2021).13 Peatlands may be even more dependent on domestic and inter-
national public financing. Consequently, the challenge for ending the underinvestment in 
global peatlands is not only to increase the scale of funding but also to find new sources, 
especially through additional private sector financing.

However, as these irrecoverable stores of carbon are disappearing quickly, the bill for 
saving peatlands will only rise further if we fail to invest now. The opportunity cost of delay-
ing action on peatland conservation and restoration as part of a greenhouse gas mitigation 
strategy could be substantial (Glenk et al. 2021). Although some governments are beginning 
to recognize the economic importance of peatlands and are adopting better policies for their 
conservation, restoration and sustainable management, averting the worldwide crisis of mis-
managing peatlands requires addressing the problems of undervaluing and underinvestment 
as the basis for a global strategy for promoting peatlands as a nature-based solution. Such a 
strategy requires three key elements (Barbier and Burgess 2021).

First, all countries with significant peatland areas should ensure that the values provided 
by these ecosystems are adequately taken into account in the land use decisions that inflict 
damages, degrade or destroy peatlands. They should adopt policies, regulations and other 
actions needed to improve conservation, restoration and sustainable management of their 
peatlands. These actions should include prohibiting additional loss of peatlands, removing 
subsidies that are harmful to peatlands, using market-based incentives and regulations to 
control peatland damages, and allocating any revenues generated or saved from subsidy and 
pricing reforms to improve peatland conservation, restoration and sustainable management.

Second, wealthy countries that contain peatlands should adopt these actions unequivo-
cally. But many low and middle-income countries, especially those with significant tropi-
cal peatlands, may need technical and financial assistance in undertaking some of these 
policies, especially for restoring degraded peatlands. The international community should 
provide adequate financial and technical support to low and middle-income countries that 
adopt policies and actions for improved peatland conservation, restoration and sustainable 
management.

This additional support can be provided by a consortium of donors, including public-
private partnerships, and should be conditional on verifiable policies and actions by recipi-
ent countries that have developed long-term policy and management plans for peatlands. 
Such an approach has been espoused by the REDD+ framework, where potential recipient 
countries have to demonstrate their “REDD readiness” by first creating a national strategy 
or action plan for reducing emissions from forest degradation and depletion and guarantee-
ing accurate and transparent monitoring, reporting and verifying of results-based actions.

In a similar way, countries seeking assistance from the international community for peat-
lands as a nature-based solution should demonstrate their “sustainable peatlands readiness” 
by:

13  This is true for biodiversity funding in general, as Table 1 illustrates. See also OECD (2020a), which 
estimates that around 85% of global financing for nature conservation and protection is via public funds.
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 ● Devising a national strategy of policy actions for conservation, restoration and sustain-
able management of peatlands.

 ● Establishing accurate and transparent monitoring, reporting and verifying of results-
based actions under the national strategy.

Third, in a post-COVID world of limited financial resources, there is a need to develop 
new potential sources of private and public funding of peatlands globally. As discussed 
previously, there are a whole range of possible options, including biodiversity offsets, pay-
ments for ecosystems services, voluntary carbon markets, REDD+, debt-for-nature swaps 
and green bonds. In addition, the agricultural, forestry, mining, food and beverage, and other 
global industries must invest in making their supply chains “peatland friendly” by ensuring 
that they result in no additional loss of peatlands and by partnering with public programs to 
rewet and restore degraded peatlands.

For example, wealthier countries in cooperation with the private sector should encourage 
more use of biodiversity offsets for peatlands. Richer countries and multilateral agencies 
also need to increase their assistance to low and middle-income countries for funding bio-
diversity offsets, and to expand their use for peatlands. This could especially be important 
for tropical peatland restoration efforts, which are costly for most emerging and developing 
economies. For instance, as noted previously, offsetting the biodiversity impacts from exist-
ing oil palm plantations in Kalimantan, Indonesia would require rewetting at least 47,000 
km2 of degraded peatlands at a cost of US$7.7 billion (Budiharta et al. 2018).

There is also greater potential for expanding the use of payment of ecosystem services 
(PES) for conserving and restoring peatlands, especially for the water services that they 
provide. In many regions, peatlands are responsible for the supply of drinking and industrial 
water, filtration of toxic metals and pollution control, but only 28% of water supplying peat-
lands globally are protected (Martin-Ortega et al. 2014; Xu et al. 2018a). This is an impor-
tant opportunity to expand PES schemes worldwide for watershed conservation and other 
water services to include peatlands. Already, water utilities and other public entities are 
engaged in paying for such services that enhance water availability and quality (Deutz et al. 
2020; UNEP 2021), which could form the basis for establishing PES schemes for peatlands.

The scale and scope of REDD+ projects should be expanded to become a much more 
effective tool for peatland conservation and restoration, especially of forested peatlands 
in tropical countries. An initial start is for countries to incorporate forested peatlands in 
their REDD+ national strategies and emission reference levels. For example, in its national 
REDD+ strategy, the Republic of Congo mandates that agro-industrial concessions are not 
granted near wetlands or forests with high biodiversity value, and includes peatland carbon 
stocks in the country’s forest reference emission levels for REDD+ credit assessment (Miles 
et al. 2017). In addition, countries implementing REDD+ projects for forested peatlands 
located in remote regions will need supplementary financial support for the development 
and implementation of measuring, reporting and verification of carbon stocks for results-
based payments (Köhl et al. 2020).

Debt-for-nature swaps could also be designed to providing more global financing of peat-
land management, in the ways outlined above. For example, the deals could include a com-
mitment by participating low and middle-income countries to remove subsidies and other 
forms of financial support to agricultural, forestry, mining and other economic activities 
that excessively degrade or convert peatlands. This not only signals a willingness to end 
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the undervaluing of peatlands but also reduces government spending, which is an important 
consideration in a post-pandemic world of rising debt.

Green bonds could also catalyze more peatland investments, especially in low and mid-
dle-income countries. As described previously, green bonds could be issued to support a 
single nation-wide peatland investment portfolio. Bonds could also be issued for other scal-
able peatland actions, such as a country-wide program of payments for ecosystem services, 
biodiversity offsets, ecological restoration, as in the case of Mexico’s Forests and Climate 
Change Program. Green bonds could also be employed to expand peatland conservation 
areas, their policing and monitoring.

Corporate funding of peatlands conservation, restoration and sustainable management 
should play a greater role in ending the underfunding of global peatlands. There needs to be 
a concerted effort by the agricultural, forestry, mining and other global industries affecting 
peatlands to invest in improving the sustainability of their supply chains and also to safe-
guard that their activities result in no additional loss of peatlands.

For example, the No Deforestation, No Peat, No Exploitation (NDPE) initiative ensures 
that production does not involve any forest loss, conversion of peatlands or exploitation of 
indigenous communities or unjust labor practices. The NDPE approach is gaining ground 
with certain industries that have been environmentally harmful to peatlands, such as palm 
oil, but the outcome has been mixed. In Indonesia and Malaysia, NDPE policies cover 83% 
of palm oil refining capacity, which also includes their plantations and the plantations of 
any third-party suppliers. However, non-cooperating refiners continue to leak unsustainable 
palm oil into the market thus undermining the effectiveness of the policies (ten Kate et al. 
2020). A survey of 79 of the world’s most significant producers, processors and traders of 
palm oil found that, while 57 companies have committed to no planting on peat via NDPE, 
only 14 report on implementing the commitment. Similarly, 59 companies have commit-
ted to no burning of peat, but only 43 companies disclose details of fire management and 
monitoring practices.14

Voluntary contribution programs, such as the Roundtable on Sustainable Palm Oil 
(RSPO), have also encouraged more sustainable palm oil production, but not necessarily 
reduced peatland loss. Carlson et al. (2018) analyzed RSPO certified and non-certified oil 
palm plantations in Indonesia and found that certification had little noticeable impact on 
reducing forested peatland loss or active fires. Other voluntary programs, such as for carbon 
markets, could also be utilized to support funding of peatland conservation and restoration. 
One of the first programs to use carbon credits for peatland rewetting and restoration is 
MoorFutures in Germany. Their approach could be expanded to other countries in Europe 
and across the world, especially given the difficulty of raising funds for peatland restora-
tion (Bonn et al. 2014; Günther et al. 2018). For example, Günther et al. (2018) estimates 
that more than half of carbon mitigation schemes over a range of peatland rewetting costs 
and vegetation scenarios were profitable when funded through a hypothetical carbon credit 
scheme (modeled on MoorFutures).

In addition to ensuring that their supply chains do not cause additional loss of intact peat-
lands, businesses should also engage with and actively support government efforts to reform 
and redirect subsidies away from activities that are harmful to peatlands. They should also 
proactively invest in sustainable supply chain development and support producers to tran-

14  From https://bioenergyinternational.com/feedstock/many-palm-oil-companies-failing-to-meet-2020-zero-
deforestation-targets.
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sition to sustainable production practices that lead to no additional damage or conversion 
to peatlands. Those activities that were based on peatland conversion, such as palm oil 
production, could also take responsibility for previous carbon emissions and make finan-
cial contributions to future peatland restoration and carbon sequestration programs. Finally, 
businesses should also financially support and partner with public programs to rewet and 
restore degraded peatlands, including through the various innovative financial mechanisms 
discussed above - biodiversity offsets, payment for ecosystem services, voluntary carbon 
markets, REDD+, debt-for-nature swaps and green bonds.

8 Conclusions

The Dasgupta Review has pointed the way for ensuring that our economics are better 
“embedded in nature”. But achieving this goal requires tackling the two principle causes of 
the current rapid loss of global terrestrial ecosystems and biodiversity: the underpricing of 
natural landscape and the underfunding of nature.

If natural areas are priced too cheaply, then converting them to agriculture, forestry and 
other land uses is less costly than protecting or preserving them. Underfunding nature fur-
ther reduces the incentives for conserving and restoring ecosystems and habitats.

Decoupling development from excessive land use change and ecosystem loss is neces-
sary to make our economies both more sustainable and inclusive. This outcome is crucial 
if we want to generate the incentives, innovations and governance necessary to transition 
to sustainable intensification of agriculture, forestry and other land uses, reduce food and 
waste, and ultimately, “bend the curve” of ecological and biodiversity decline.

Most of the world’s remaining terrestrial biodiversity and natural landscape is in low 
and middle-income countries. Yet current global funding to support conservation efforts in 
these countries is woefully inadequate to prevent habitat loss and over-exploitation. This 
underinvestment is another reason why the world is not preserving sufficient natural areas.

If catastrophic global biodiversity decline is to be avoided, we need to rethink the inter-
national framework for cooperation, and at the same time, foster investment by those with 
the greatest ability and incentive to conserve biodiversity. And, if we want developing coun-
tries to conserve more natural areas, ecological capital and biodiversity that yield global 
benefits, then we have to devise more creative and innovative ways for helping them do so.

The good news is that we have at our disposal a growing number of financial instru-
ments and mechanisms to spur collective action by rich countries to assist poorer ones in 
protection and restoration efforts, and by the private sector to invest in nature to reduce the 
risks posed by biodiversity and ecosystem loss. These include biodiversity offsets, payments 
for ecosystem services, debt-for-nature swaps, green bonds, sustainable supply chains and 
international environmental agreements. There are creative ways of to scale up and align 
finance for biodiversity and natural landscape conservation from all sources, public and pri-
vate. Moreover, these mechanism should be used in conjunction with demonstrable policy 
reforms that end the underpricing of natural landscape.

The example of peatlands discussed in this article illustrates how a comprehensive global 
strategy for ending the underpricing and underfunding of nature can be devised by combin-
ing collective action with innovative financing and commitment to policy reforms in host 
countries. It also points to a rich resource agenda in environmental and resource economics.
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First, we need more studies of how the underpricing of natural landscape is leading to the 
loss of important ecosystem services and values, especially in tropical developing econo-
mies. We also require analysis of the effects of policy reforms, from removal of environ-
mentally harmful subsidies to the use of market-based instruments, on the conservation and 
restoration of valuable natural habitats and ecosystems. A related issue is the governance 
and institutional conditions for enhancing the effectiveness of and incentivizing the preser-
vation and restoration of natural landscape.

Second, the innovative financing and funding mechanisms for biodiversity outlined 
in this article need further study. We also need more analysis of the collective action and 
accompanying institutional reforms required to ensure that adequate financing of conserva-
tion and restoration occurs in host countries. In addition, more research is required for the 
specific mechanisms discussed here - biodiversity offsets, payment for ecosystem services, 
voluntary carbon markets, REDD+, debt-for-nature swaps and green bonds – especially on 
how they can be scaled up and employed to increase funding of natural landscape in tropical 
developing countries.
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