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EXECUTIVE SUMMARY

This report provides estimates of the financial costs and benefits of meeting selected
targets of the Sustainable Development Goals (SDGs) that are linked to natural capital.
It is one of few studies that look at the costs of meeting the SDGs and the only one we
are aware of that estimates the gains in natural capital from meeting these goals. In this
report, natural capital is viewed as an asset that generates goods and services that have
an economic value.

The main contributions of the study are to provide the following:

= Estimates of the “natural capital gap”, a quantitative indicator of how much natural
capital would have to be increased to meet the associated SDGs for a set of 20
countries.

= Cost estimates at the country level corresponding to each of the SDG targets evalu-
ated.

= A comparison between the increase in natural capital and the costs of bringing this
about for each SDG and for each country.

The countries covered in the study are given in Table ES1. They were chosen to include
both developed and developing regions, but to give a high representation to countries
from sub-Saharan Africa. The 11 sub-Saharan African countries have a combined gross
domestic product (GDP) that is 74 per cent of sub-Saharan African GDP. These 11 coun-
tries’ land area and population are 41 per cent and 65 per cent of the sub-Saharan Afri-
can totals, respectively. Their contribution to global greenhouse gas (GHG) emissions is
around 65 per cent of total GHG emissions in the sub-Saharan region. If Morocco is also
included, and the scope expanded to cover both sub-Saharan and North Africa, these 12
countries represent in total 56 per cent of GDP, 34 per cent of land, 58 per cent of popu-
lation, and 52 per cent of GHGs on the African continent. For all 20 selected countries
below, the combined GDP amounts to 54 per cent of world GDP and their combined land
area represents 39 per cent of the global land area. The aggregate population and GHG
emissions of the 20 countries are 59 per cent of the total world population and 59 per
cent of global GHG emissions, respectively.
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Table ES1: Countries selected for in-depth analysis of financial needs

Country Level of Income Region

DRC Low Sub-Saharan Africa
Ethiopia Low Sub-Saharan Africa
Madagascar Low Sub-Saharan Africa
Senegal Low Sub-Saharan Africa
Uganda Low Sub-Saharan Africa
Angola Lower-middle Sub-Saharan Africa
Cameroon Lower-middle Sub-Saharan Africa

India Lower-middle South Asia

Indonesia Lower-middle East Asia and the Pacific
Kenya Lower-middle Sub-Saharan Africa
Morocco Lower-middle Middle East and North Africa
Nigeria Lower-middle Sub-Saharan Africa
Tanzania Lower-middle Sub-Saharan Africa
Brazil Upper-middle Latin America and the Caribbean
China Upper-middle East Asia and the Pacific
South Africa Upper-middle Sub-Saharan Africa
Australia High East Asia and the Pacific
France High Europe

Germany High Europe

USA High North America

Source: World Bank (2020)

The selected SDG targets cover those related to agricultural land, air, water, atmosphere,
forests, wetlands and protected areas. Some targets related to natural capital, but not
included, are those for marine and terrestrial ecosystems and indoor air quality. This
is on account of a lack of data. The report is intended to provide guidance to countries
of the likely financial requirements to meet their selected SDG targets that affect the
quantity and state of natural capital, and the values of gross and net benefits that can
be expected from meeting these SDG targets. The cost-benefit information will help
countries determine investment priorities in case of limited funds.
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The global cost of meeting all the targets is estimated to be between US$620 billion and
USS$2,608 billion, over the period 2021-2030. This comes out at between USS$S62 billion
and US$621 billion annually. The four sectors with the highest required expenditures to
meet the SDG targets globally are for climate change, air quality, protected areas and
water quality (in that order). For all targets, however, the value of the increase in natural
capital is well in excess of the required expenditures, demonstrating positive returns in
every case of natural capital investment.

Globally, the greatest net gains in natural capital, less the costs of bringing it about,
come from meeting the targets for forests, wetlands and all protected areas (includ-
ing marine ones). They make up half of all net benefits. The next largest gains are for
improvement in air quality, where the gains in natural capital net of costs are around 28
per cent of the total, followed by water and sanitation, which accounts for 21 per cent.
Surprisingly, the gain in natural capital for land is smaller compared to these sectors and
makes up only 0.2 per cent of the total, although its share is much higher for selected
countries. The net gains from material efficiency and climate change are small but they
are still positive. It is also important to note that the range of net gains from addressing
these two areas of natural capital loss could be much higher. This estimation has taken
an average damage avoided figure; if the true figure is at the upper end of estimations,
for example, as it could be, then the net benefits will be much larger.

Information on the benefit-cost ratios (BCRs) by sector and country show the following:

* |nthe case of protected areas, the BCRs are extremely high (over 5,000 in Senegal
and Tanzania) where the area being protected is largely or exclusively marine. Such
areas have a high gain in natural capital but modest costs of protection. Data on
costs, however, need to be confirmed.

» Agricultural land remediation has BCRs of over 35 in African countries. The excep-
tions are Kenya, South Africa and Tanzania where it is 14, 17 and 9, respectively.

= Air quality has relatively low BCRs in developing countries (ranging from over one in
Kenya to as high as 32 in South Africa) compared to the large emerging economies
of China (with a BCR of 98) and India (with a BCR of 939) and developed countries
(with BCRs of 113 to 1,333) where industrial pollution is highest.

» The highest BCRs for water quality are in Brazil, South Africa and Nigeria (87, 78 and
47 respectively).

= The BCRs for reduced deforestation are in the range of 1-2 for most countries, which
means that reducing deforestation pays for itself with a return of up to 100%.

= Wetland conservation BCRs are more than 100 in Angola, Nigeria, Brazil, China, South
Africa, France and Germany. This means that the return on investment will be 100
times the cost of conservation.
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The gains of natural capital as a per cent of the estimated current stock of natural capital
(as estimated by the World Bank) are especially large across sub-Saharan Africa, but
also in some other parts of the developing world. They are more modest in developed
countries and emerging economies.

Further work is needed to make the estimates more accurate and extend the coverage,
as many marine targets related to the SDGs are currently not covered. The improvement
in the estimation applies both on the cost side and natural capital side, but is especially
the case for the cost data. Work that is ongoing to improve databases that provide this
information will be of great value allowing countries to apply the methods developed
here with more accurate data to improve estimates of the costs and benefits of the
SDGs and of the gains in natural capital. This will help them prioritize investments in
sectors and locations where the greatest gains can be made.
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The UN Sustainable Development Goals (SDGs) serve as a shared blueprint of coun-
tries in addressing critical problems that are interconnected, such as poverty, health,
education, economic growth and the environment. In total, there are 17 SDGs, 169
targets and 230 associated indicators that member countries are working to achieve
by 2030 (UN, 2016).

Two major reports have provided the costs of meeting the SDG targets in developing
countries (UNCTAD, 2020; UN, 2019). Their results show a total investment gap across
major industry sectors of $2.5 trillion to $3 trillion per year, on average. A report by the
Business and Sustainable Development Commission (2017) found that aligning corpo-
rate strategies with SDGs targeted to four sectors (food and agriculture, cities, energy
and materials, and health and well-being) will generate new market opportunities and
sizeable benefits. For instance, 380 million new jobs will be potentially created globally
by 2030, of which about 90 per cent will be in developing countries. Addressing the
SDGs on food and agriculture and cities will generate business opportunities valued at
about $2.3 trillion and $3.7 trillion per year, respectively.

The difference of this report with the aforementioned studies, and thus its contribution,
is the estimation of financial costs and benefits of meeting selected SDG targets that
are linked to natural capital. To date, we are not aware of other studies that have done
this exact type of work. Although there are some similar exercises, they do not focus
on natural capital.

There are several definitions of natural capital in the literature. The World Forum on
Natural Capital (2021) defines the term as the stock of natural assets, which include
geology, soil, air, water and all living things. It is from this natural capital that humans
derive a wide range of services, often called ecosystem services, which make human
life possible.

Taking an economic perspective, the Organisation for Economic Co-operation and
Development (OECD, 2005) defines natural capital as natural assets in their role of
providing natural resource inputs and environmental services for economic production.
The World Bank (Lange et al., 2018) focuses on the way natural capital is measured,
noting that a particular natural capital asset is measured as the discounted sum of
the value of the rents generated over its lifetime. In the case of a renewable resource,
the lifetime may be unlimited. In this report, natural capital is viewed as an asset that
generates goods and services that have an economic value. That value is measured in
the way stated by the World Bank.

Objective and methodology

What are the financial requirements needed to increase natural capital associated with
SDGs where such capital has a major role? How do these financial costs compare
with the benefits of increased value of natural capital? To answer these questions, the
report provides estimates of the costs of meeting the SDG targets for those SDGs
where natural resources and the environment are a critical factor as well as estimates
of the gains in natural capital resulting from meeting the SDG targets.
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A couple of studies are used as a basis for this report. The first study is Markandya
(2020) that examined the linkage between selected SDGs and their natural capital
requirements. The study also estimated the natural capital gap, which serves as a
quantitative indicator of how much natural capital would have to be increased to meet
the associated SDGs. The second study is Markandya and Galinato (2021) that applied
the methodology of Markandya (2020) to estimate the financial costs of bridging the
natural capital gap globally and at the national level for 10 selected countries.

This report builds on the work in both these reports in the following ways:

» Estimates the “natural capital gap” associated with the SDGs for a selected set of
20 countries, including the 10 already identified in Markandya and Galinato (2021)."
In addition, the estimate for the world has been updated from the earlier study
where more recent data have been made available.

» In parallel, cost estimates have been made at the country level corresponding to
each of the SDG targets evaluated.

»= A comparison has been carried out between the increase in natural capital and the
costs of bringing this about for each SDG and for each country.

Table 1 lists the 20 countries. They were selected based on discussions between the
Basque Centre for Climate Change (BC3) and Green Growth Knowledge Partnership
(GGKP), while considering the representation of different income levels, different
geographical regions, biodiversity and data availability. There was deliberately a high
representation of countries from sub-Saharan Africa (11 of the 20 countries are from
that region) to increase knowledge of the state of natural capital vis-a-vis the SDGs on
that continent. The 11 sub-Saharan African countries have a combined gross domes-
tic product (GDP) that is 74 per cent of sub-Saharan African GDP (annual average
between 2016 and 2020). These 11 countries’ land area and population are 41 per cent
and 65 per cent of the sub-Saharan African totals, respectively. Their contribution to
greenhouse gas (GHG) emissions is around 65 per cent of total GHG emissions in the
sub-Saharan African region. If Morocco is also included, and the scope expanded to
cover both sub-Saharan and North Africa, these 12 countries represent in total 56 per
cent of GDP, 34 per cent of land, 58 per cent of population, and 52 per cent of GHGs on
the African continent (World Bank, 2021a).

For all 20 selected countries, the combined GDP represents 54 per cent of world GDP
and their combined land area represents 39 per cent of the global land area. The aggre-
gate population of the 20 countries and greenhouse gas emissions are 59 per cent of
the total world population and 59 per cent of global greenhouse gas (GHG) emissions,
respectively (World Bank, 2021a).

1 For this reason, the sections about costs to meet the SDG targets are mostly similar to the earlier study. The
main differences are updated discussions that include some of the data of the 10 additional countries and
updated global estimates.
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Table 1: Countries selected for in-depth analysis of financial needs

Country Level of Income Region

Congo, Dem. Rep. (DRC)* Low Sub-Saharan Africa
Ethiopia* Low Sub-Saharan Africa
Madagascar Low Sub-Saharan Africa
Senegal Low Sub-Saharan Africa
Uganda Low Sub-Saharan Africa
Angola* Lower-middle Sub-Saharan Africa
Cameroon* Lower-middle Sub-Saharan Africa

India Lower-middle South Asia

Indonesia Lower-middle East Asia and the Pacific
Kenya* Lower-middle Sub-Saharan Africa
Morocco Lower-middle Middle East and North Africa
Nigeria* Lower-middle Sub-Saharan Africa
Tanzania* Lower-middle Sub-Saharan Africa
Brazil Upper-middle Latin America and the Caribbean
China Upper-middle East Asia and the Pacific
South Africa* Upper-middle Sub-Saharan Africa
Australia High East Asia and the Pacific
France* High Europe

Germany* High Europe

USA High North America

Source: World Bank (2020)
Note: * Additional 10 countries to Markandya and Galinato (2021)

Selected SDG targets are presented in Table 2. The selection is mainly based on the
connection of these targets to natural capital (i.e. agricultural land, air, water, atmo-
sphere, forests, wetlands, protected areas) and data availability. There are some
targets related to natural capital that were not included due to lack of data, such as
some of those related to marine and terrestrial ecosystems, and indoor air quality. In
each case, the SDG target taken is as defined in the UN list of indicators where that is
available.2 Where it is not specified in detail in that document, a quantitative version is
proposed based on the literature surrounding the SDGs.

2 See: https://sustainabledevelopment.un.org/content/documents/118030fficial-List-of-Proposed-SDG-Indi-
cators.pdf.
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This paper is intended to provide guidance to countries of the likely financial require-
ments to meet their selected SDG targets that affect the quantity and state of natural
capital, and the values of gross and net benefits that can be expected from meeting
these SDG targets. The cost-benefit information will help them determine programme
priorities given limited funds.?

Sections 2 to 6 address the SDG targets related to the restoration of degraded agri-
cultural land, safe water and sanitation, reduction of GHGs and improvement of air
quality, increased efficiency of using natural materials in production and consumption,
and reduction of losses in terrestrial ecosystems, respectively. These five sections
describe the costs of investments likely to be needed in achieving the selected SDG
targets, as well as the benefits that can be expected when these targets are achieved.
Section 7 provides a synthesis of the net gain in natural capital by SDG target and by
country, and the comparison of gains relative to the natural resource stock. Section 8

concludes the report.

3 A comparable approach to ours is a combination of the models used in the IEEM platform and applied in
Brazil and Rwanda (Biodiversity & Ecosystem Services Program | IADB) and BIOFIN by the Inter-American
Development Bank. See: https://www.iadb.org/en/environment/Open-IEEM-Platform.
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Table 2: Relevant SDG targets and natural capital covered in the analysis

SDG target/s* Relevant natural Natural capital change Estimation of Data
capital** financial costs sources
SDG2: Zero 2.4 — Productive and sustainable Agricultural land Restoration of degraded Costs of remediation | Various, WRI,
Hunger agriculture agricultural land World Bank, GEF,
National
SDG3: Good 3.9 - Reduction of mortality rate due to | Air quality Water quality Reduction of pollutants in air Costs of safe Various, WHO,
Health and Well- | hazardous chemicals, air, water and soil and water water provision World Bank,
being pollution and contamination Costs of air pollutant | National
) reductions
SDG6: Clean 6.1 & 6.2 — Adequate and equitable
Water & Sanitation | access to safe water and sanitation
services
SDG11: 11.6 — Reduction of environmental
Sustainable Cities | impacts, including air quality and waste
and Communities | management
SDGOY: Industry, 9.4 - More environmentally sustainable | Atmosphere to sustaina | Reductions in emissions of Costs of Various,
Innovation and infrastructure and industries stable climate GHGs programmes to National
Infrastructure reduce GHGs
SDG13: Climate 13.2 - Integration of climate change
Action measures into national policies,
strategies and planning
SDG12: 12.2 - Sustainable management and Terrestrial biomes that Reduced utilization of natural | Costs of introducing | OECD, UNEP,
Responsible efficient use of natural resources deliver materials materials in consumption and | efficiency measures | National
Consumption and production sectors to save materials
Production
SDG15: Life on 15.1 = Conservation, restoration and Terrestrial biomes that Increased flow of ecosystem Estimates of costs | Various, UN
Land sustainable use of terrestrial and deliver ecosystem services (ESS) from the of reforestation, studies
inland freshwater ecosystems and their | services, i.e. forests, terrestrial systems through protection of
services wetlands, protected areas | reduced deforestation, reduced | conservation areas
loss of wetlands, and increase
in protected areas
Source: Table adopted from Markandya and Galinato (2021)
* Details obtained from UN (2015)
** Natural capital as addressed in this report
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This section deals with SDG2 - end hunger, achieve food security and improved
nutrition, and promote sustainable agriculture — and target 2.4, which uses the
“proportion of agricultural area under productive and sustainable agriculture” indicator.
The indicator is interpreted further as remediating given areas of degraded land, details
of which are given below. The section then calculates the costs associated with the
remediation of those areas of degraded agricultural land.

SDG2.4 does not give a figure for what proportion of agricultural land should be
productive and sustainable by 2030. This figure is estimated by using available data
on degraded land, land restoration commitments, and share of agricultural land in total
agricultural and forest areas in the selected countries, as described below.

Degraded land at the country and global levels

Estimates of degraded land vary and are not well determined (Gibbs and Salmon,
2015). The global range is from less than 1 billion hectares, to over 6 billion hectares,
with equally wide disagreement on its spatial distribution. An estimate in the middle of
the range is Bai et al. (2008) based on the Global Assessment of Land Degradation and
Improvement (GLADA) dataset, with national level estimates for all countries. It has
been criticized, especially for its estimates in the humid tropics, but it is comprehensive
and other datasets such as Global Assessment of Human-induced Soil Degradation
(GLASOD) and FAO TerraStat are not accessible. Hence, for this exercise the figures
from Bai et al. have been used, recognizing that the results could be different if another
dataset were applied. Some discussion of possible bias in the estimates of natural
capital due to the data used for degraded land follows.

Bai et al. estimate that, overall, around 27.4 million km? have been degraded globally
over the period 1981-2003.* This amounts to about 21 per cent of the world’s land
area. According to Sutton et al. (2016), however, the corresponding loss of ecosystem
services (ESS) is only about 9 per cent, indicating that the degraded areas do not, on
average, contribute as much as non-degraded ones.

Area of degraded land under restoration

A global effort that is linked to the SDG is the Bonn Challenge, which calls for restoring
150 million hectares of degraded and deforested landscapes by 2020 and 350 million
hectares by 2030. Based on available data in IUCN (2020a), total area under restoration
is 42.8 million hectares, which is about 29 per cent of the 2020 Bonn Challenge target
and 12 per cent of the 2030 target. As of 2019, 74 participants from 64 countries
had made commitments to this restoration (IUCN, 2020a). If this were to be met, it
would amount to remediating about 60 per cent of all degraded land by 2030. One
potential way to allocate the 350 million hectares across countries would be under

4 The total given in the paper is 35.1 million km? but as Gibbs and Salmon point out the individual country fig-
ures total to 27.4 million km?.
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a ‘proportional rule’ by taking the proportion of the Bonn Challenge target of the total
degraded land estimated by the Bai et al. study. The resulting rate is about 13 per cent,
which is then applied to the degraded land area at the country level to approximate the
national shares of area to be restored. Another way would be to base it on national
commitments to the Bonn Challenge. The areas that would need to be remediated
under the two criteria for the selected countries are given in Table 3.

Not all countries have a commitment under the Bonn Challenge. Among the 20
selected countries for this study, seven do not have a pledge — Angola, Indonesia,
Morocco, China, Australia, France, and Germany. Also, of the selected countries, 11
are from the African region. Thirty-one countries in this region pledged 129.8 million
hectares, comprising 62 per cent of the aggregate area of all participating countries. Of
this regional pledged area, 47 per cent is represented by 10 African countries included
in this study.

Furthermore, nine countries commit to more than would be considered equitable on
a proportional basis and the remaining commit to less (i.e. DRC, Brazil, South Africa
and USA). Table 3 shows the remaining area to be remediated by 2030 given the
two criteria. Under the proportional rule, India appears to already meet their target of
restoration.

Note that the two criteria represent scenarios. Because only 13 of the 20 selected
countries have pledged to the Bonn Challenge, the proportional shares rule is useful in
deriving estimates of degraded land areas that need to be restored in the other seven
countries, as well as in providing a range of values for the 13 countries with Bonn
Challenge commitments.

In 2016, the International Union for the Conservation of Nature (IUCN) developed the
Restoration Barometer and its reporting protocol to help the pledgers assess and
monitor their progress, identify obstacles and report on restoration commitments
they have met under the Bonn Challenge (IUCN, 2020a). The protocol was applied
in depth to six countries in 2018, including Brazil and the United States, while rapid
assessments were conducted in an additional 13 countries to obtain a snapshot
of their progress during the same period (Dave et al., 2018). The total area pledged
under the Bonn Challenge is about 208 million hectares. Altogether, the 19 countries
that underwent the Barometer assessments pledged about 97.8 million hectares (i.e.
representing nearly half of current total commitments), and 44 per cent of their pledge
is under restoration. Of the 20 selected countries in Table 3, four countries have shown
real progress and two are notable — the US has surpassed its restoration commitment
to the Bonn Challenge by 13 per cent, while Brazil has already met about 79 per cent of
its pledge.’ It is expected that the Barometer will be applied to more than 20 countries
in 2020 (IUCN, 20203, 2020b).

5 Degraded land that is remediated does not of course say anything about land being cleared elsewhere. In the
case of Brazil, the latter is an issue while the programme to remediate land is relatively successful.
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Table 3: Land areas to be remediated in selected countries by 2030 (thousand
hectares)

Under Committed Areaunder Remaining area to be
proportional under restoration remediated by 2030**
rule Bonn as of 2018*

Challenge Under Under Bonn
proportional Challenge
rule

DRC 17,510 8,000 0 17,510 8,000
Ethiopia 3,859 15,000 0 3,859 15,000
Madagascar 2,130 4,000 0 2,130 4,000
Senegal 451 2,000 0 451 2,000
Uganda 540 2,500 52 487 2,448
Angola 10,764 - - 10,764 -
Cameroon 1,971 12,063 1,663 308 10,400
India 7,702 21,000 9,811 -2,108 11,189
Indonesia 13,376 - - 13,376 -
Kenya 1,365 5,100 0 1,365 5,100
Morocco 876 - - 876 -
Nigeria 1,189 4,000 0 1,189 4,000
Tanzania 5,021 5,200 0 5,021 5,200
Brazil 24,462 12,000 9,425 15,037 2,575
China 28,518 - - 28,518 -
South Africa 4,570 3,600 0 4,570 3,600
Australia 25,925 - - 25,925 -
France 607 - - 607 -
Germany 422 - - 422 -
USA 25,791 15,000 16,959 8,832 -1,959
World 350,000 208,376 42,843 307,157 165,533

Sources: IUCN (2020a) and Markandya (2020)
*  Area restored by pledgers under the Bonn Challenge

** Calculated as the difference between the target area to be remediated under the proportional rule or
Bonn Challenge pledge, and the area under restoration as of 2018; the difference may not be exact
due to rounding.
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Estimates of the costs of remediating degraded
agricultural land

As mentioned earlier, this section focuses on estimating the costs of remediation for
degraded agricultural land (i.e. cropland, rangeland) in the selected countries. Degraded
forest land will be addressed in the section dealing with terrestrial ecosystems.
Because the Bonn Challenge does not separate targets between degraded agricultural
land and forest land, the following approach was done:

(1) Estimation of degraded agricultural land

Degraded agricultural land of a selected country is estimated by taking the per cent
of agricultural land area with respect to the total agricultural and forest areas of that
country. This percentage is then applied to the remaining area that must be remediated
to meet the target in 2030 given the two criteria (see Appendix 1).

(2) Estimation of remediation costs by country

2.1. Data collection. Estimates of remediation costs have been collected from the
following sources: agricultural land remediation projects funded by multilateral
organizations;® government and NGO-supported grants and programmes for
restoration and conservation of agricultural land;” and related project reports and
journal articles (Dave et al., 2018; Development Alternatives, 2020; Ding et al., 2017
Gama, 2003; Haufler et al., 2013; Santos and Grzebieluckas, 2014; Schell, 2010; Vinholis
et al., 2010).

Projects or programmes considered are those that implement strategies to remediate
degraded agricultural land (i.e. not field experiments, on-farm demonstrations,
development or testing of tools, or workshops/trainings only). These include
rehabilitation of rangelands, soil erosion control, treatment or reclamation of sodic
or saline fields, integration of fertility management, soil and water conservation,
agroforestry, silvopasture and associated technical assistance (e.g. trainings or
workshops, agricultural services, improvement of institutional capacity, project
management).

The above sources also provided the targeted area of land, so the per hectare cost of
a project or programme in each country was derived. Since the sources have different
publication dates, the costs were adjusted using the GDP deflator with 2019 as the
base year to make the estimates comparable.

2.2. Grouping of costs by income level. Country-specific data are unbalanced in that
some countries have programmes/projects that are fewer or more than others. For this
reason, the data are grouped by income level. The minimum, average and maximum

6  Abu (2018); Gebremeskel (2020); GEF (2007, 20083, 2008b, 2010, 20113, 2011b, 2013a, 2013b, 2014, 20153,
2015b, 2016a, 2016b, 2016c, 20173, 2017b, 2017c, 2018a, 2018b, 2018¢, 2019, 2020, 20214, 2021b); IEG
(2017); IUCN (2021); Roby and Mbengue (2013); UNDP Ethiopia (2021); UNDP Kenya (2021); World Bank
(2010, 2013, 2018, 2019a, 2019b).

7 Australian Government, Department of Agriculture, Water and the Environment (n.d.); Greening Australia
(2017); MWE and IUCN (2016); USDA FSA (2019, 2020); USDA NRCS (2020).
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per hectare costs for a certain group of countries represented the low to high bound
ranges for that group, as presented in Table 4.

Table 4: Estimated remediation cost ranges by level of income (USS$/hectare)

Level of income/world Low Average High

High $85 $1,381 $6,512
Upper-middle §156 $2,146 $9,120
Lower-middle $39 $2,129 $29,994
Low $53 8373 $1,493
World (mixed income) $105 $1,745 $10,955

Note: Number of projects for each income group, from which the costs have been estimated: low - 8;
lower-middle - 25; upper-middle - 8; and high - 9.

Cost estimates include both investment and technical assistance components.
The global estimate is a weighted average of the remediation costs in the selected
countries. The differences in the costs come from the diverse methods implemented in
projects. The lower end of the range includes operating costs and materials (e.g. labour,
seedlings, training materials). The costs become higher when there is equipment used
or the methods are more complex, for instance when treating or reclaiming saline/
sodic soils, improving drainage networks in agricultural fields, revegetating rangelands,
using biological measures and agronomic management practices to control erosion
and improve soil fertility, and establishing perennial crops for agroforestry.

2.3. Application of costs by income group to estimate the country-specific costs.
The figures in Table 4, which are the full capital and operating costs, are used to
estimate the annual costs of restoration for individual countries. For instance, the
cost ranges for the low-income group are used for the restoration cost estimates in
Madagascar; lower-middle income group cost ranges are used in Indonesia; and high-
income group cost ranges are used in France.

Table 5 presents the cost estimates to achieve the respective targets of the 20 selected
countries over a 10-year span (2021 to 2030) and under two different criteria. For
low-income countries, the restoration cost ranges from $1.2 million to $522.8 million
per year under the proportional rule, and from $5.5 million to $1,545.1 million per
year under the Bonn Challenge. For lower-middle income countries, except India, the
restoration cost estimates are between $0.4 million and $16,449.3 million per year
under the proportional rule. Within this group, Indonesia has the largest restoration
target by 2030, thereby the highest restoration cost estimates. On the other hand,
India does not show any costs under the proportional rule because the country already
met its target based on this criterion. The case is similar for the US given the Bonn
Challenge criterion. Brazil has generally lower requirements under the Bonn Challenge
because their pledge is lower than the estimated target area under the proportional
rule.
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Table 5: Additional costs of meeting the targets for restoring degraded agricultural
land in selected countries by 2030 (2019 USS$ million/year)

Country Level Under proportional rule Under Bonn Challenge

of income

Average  High Average
DRC Low $18 $130 $523 $8 $60 $239
Ethiopia Low $14 $99 $397 $54 $386| $1,545
Madagascar | Low $9 $61 $245 $16 $115 $460
Senegal Low $1 $9 $35 85 $39 $155
Uganda Low §2 816 $63 $11 §79 $318
Angola Lower-middle $19 $1,054| $14,852 - - -
Cameroon Lower-middle S0 $21 $§295 $13 §708| $9,982
India Lower-middle S0 S0 S0 $31 $1,715| $24,163
Indonesia Lower-middle $21 $1,167 $16,449 - - -
Kenya Lower-middle $5 $256 $3,603 $17 $955| $13,461
Morocco Lower-middle 83 $157 $2,208 - - -
Nigeria Lower-middle $4 $192 $2,710 $12 $647| 89,118
Tanzania Lower-middle $9 $492 $6,928 39 $509 $7,174
Brazil Upper-middle $75 $1,033 $4,388 $13 $177 $§752
China Upper-middle $320 $4,407| $18,726 - - -
South Africa | Upper-middle $60 $834 $3,543 $48 $657| $2,791
Australia High $166 84,174 $12,662 - - -
France High $3 $82 $249 - - -
Germany High $2 $53 $162 - - -
USA High $43 $1,081 $3,278 S0 S0 S0
World Mixed $1,738 $28,943 $181,707 $555 $9,243 | $58,030

Note: “-“ means the country does not have a pledge to the Bonn Challenge
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Benefits of remediation

Estimates of the ecosystem services (ESS) loss due to land degradation are taken
from Sutton et al. (2016). They use data on the Human Appropriation of Net Primary
Productivity (HANPP) as a supply side measure of land degradation. This provides
an estimate of the actual net primary productivity of land, which is compared against
its potential productivity. The percentage loss is then multiplied by the area to which
it applies, times the ecosystem service values per year per hectare for such a type of
land cover when it has no degradation. The analysis is done at a highly disaggregated
level. Based on this, they derive a comprehensive set of estimates of losses by coun-
try of ESS due to land degradation. The analysis in Sutton et al. has limitations, which
should be noted. Only terrestrial values of ESS are included, leaving out, for example,
coastal estuaries. The values per hectare are taken from Costanza et al. (2014), which
have since been updated, but the latest version could not be applied to the dataset.
The values in that study are also average global estimates and not ones tailored to the
countries individually. Nevertheless, the figures provide an indicative set of values that
can be further refined.

To calculate the natural capital gap, an estimate of the amount of degraded land that
is to be restored is required. This has been calculated based on the Bonn Challenge as
one alternative, or under a proportional rule, as explained above.

The value of the natural capital is derived from the data in Sutton et al. who give an esti-
mate of the loss of ESS from all degraded land in each country. By taking the estimate
of degraded area in each country as explained above, we obtain a value of the loss per
hectare. This is the assumed gain in value per year from remediating one hectare. To
obtain a capital value of the remediation, the present value of the stream of net bene-
fits in perpetuity, discounted at 4 per cent, is calculated. In addition, the present value
of the natural capital missing due to the degradation needs to take account of the time
it would take to get the ESS going again. It is assumed that the programme of remedi-
ation would be spread out equally over the decade 2020-2030 (11 years) and it would
take five years for each “slice” to become effective.

Table 6 gives the values for the natural capital gap by country along with the present
value of costs reported in Table 5. Gains in natural capital are higher than the costs
by a considerable factor in some countries even under the high-cost scenario. The
only exception is Angola, where this is not the case, however the gain is more than the
low or mid-estimate of costs. Under the proportional rule scenario, the ratio for other
countries ranges from values that are less than one (Tanzania, Kenya); and between
1.4 and 8.3 for all the rest except the Democratic Republic of the Congo (DRC), Ethiopia,
Senegal, Madagascar and Uganda, where the ratio is between 21 and 112. Globally, the
target has a ratio of capital gain-to-cost of about 4.

The Natural Capital Gap and the SDGs: Costs and Benefits of Meeting the Targets in Twenty Countries 24
2. Restoration of Degraded Agricultural Land



These numbers are of course subject to change. If the area of remediated land globally
is set at 350 million hectares, the amount of ESS lost estimated here is about 13 per
cent of the total from all degraded land. However, the 13 per cent figure is based on the
estimated degraded land in Bai et al. (2008). If the total amount of degraded land were
taken as half that (which may well be the case), then the 350 million hectares would
amount to 26 per cent of the total ESS lost due to degradation and the global natural
capital gap would be $24 trillion under the proportional rule compared to $12 trillion as
given in Table 6. Equally, if the true figure were double that of Bai et al. then the natural
capital gap would be half that given in Table 6.

For the selected countries, the analysis can certainly be improved by getting more
accurate data on costs, as well as on the value of services from agricultural land. The
World Resources Institute (WRI) is working on the cost side with the Food and Agricul-
ture Organization (FAOQ) to create an improved database, which should be of great help
in this regard.
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Table 6: Gains in natural capital and costs of agricultural land remediation (US$ billion)

Country

Natural Capital Gap Under Proportional Rule and

Cost of Filling Gap ($Bn)

Under Proportional Rule

Under Bonn Challenge

Proportional Rule

Bonn Challenge

Area (km?) Gap Value Area (km?) Gap Value Low Mid High Low Mid High
$Bn $Bn
DRC 175,100 8186 80,000 $85 $0.31 $2.22 $8.90 $0.14 $1.01 $4.07
Ethiopia 38,586 $189 150,000 $§735 $0.24 $1.69 $6.76 $0.93 $6.56 $26.30
Madagascar 21,300 $119 40,000 $224 $0.15 $1.04 $4.17 $0.28 $1.95 $7.83
Senegal 4,505 $67 20,000 $296 $0.02 $0.15 $0.60 $0.09 $0.66 $2.64
Uganda 4,872 $61 24,476 $308 $0.04 $0.27 $1.08 $0.19 $1.35 $5.41
Angola 107,640 $82 - - $0.33 $17.94|  $252.77 - - -
Cameroon 3,080 $13 103,999 $432 $0.01 $0.36 $5.03 $0.22 $12.06|  $169.88
India -21,085 -$218 111,891 $1,159 $0.00 $0.00 $0.00 $0.53 $29.19 $411.24
Indonesia 133,762 $504 - - $0.36 $19.87| $279.96 - - -
Kenya 13,650 $60 51,000 $223 $0.08 $4.35 $61.31 $0.30 $16.26 $229.10
Morocco 8,762 §71 - - $0.05 $2.67 $37.57 - - -
Nigeria 11,888 $248 40,000 $834 $0.06 $3.27 $46.12 $0.20 $11.01 $155.18
Tanzania 50,213 8§77 52,000 $80 $0.15 $8.37| $117.91 $0.16 $8.67 $122.10
Brazil 150,373 $617 25,752 $106 $1.28 $17.58 $74.69 $0.22 $3.01 $12.79
China 285,181 $461 - - $5.44 $75.01| $318.71 - - -
South Africa 45,702 $244 36,000 $192 $1.03 $14.19 $60.30 $0.81 $11.18 $47.50
Australia 259,255 $495 - - $2.82 $71.03| $215.49 - - -
France 6,070 $29 - - $0.06 $1.40 $4.24 - - -
Germany 4,222 $11 - - $0.04 $0.91 $2.76 - - -
USA 88,315 $317 -19,590 - $0.73 $18.39 $55.79 - - -
World 3,071,569 $12,059 1,655,330 §729  $29.58  $492.59 $3,092.52 $9.45  $157.31 $987.63

Note: Angola, Indonesia, Morocco, China, Australia, France and Germany do not have a pledge to the Bonn Challenge.




3. REDUCTION IN AIR
~ AND WATER POLLUTION

V.3



The losses due to air pollution have been studied in some depth by several researchers.
The World Bank and the Institute for Health Metrics and Evaluation (IHME) have
recently summarized the findings in a report (World Bank and IHME, 2016) where they
give the total deaths in 2013 due to concentrations of PM, . and the welfare costs
associated with these deaths. The goal for the air pollution section focuses on SDG3.9,
which aims to substantially reduce the mortality rate due to air pollution (as well as
due to hazardous chemicals, water and soil pollution and contamination), and SDG11.6,
which aims to reduce the adverse per capita environmental impact of cities, especially
in terms of air quality (and municipal and other waste management).

The relevant indicators are SDG3.9.1 — “mortality rate attributed to household and
ambient air pollution” (but the focus of this section is on ambient air pollution) and
SDG11.6.2 — “annual mean levels of fine particulate matter (e.g. PM, . and PM, ) in
cities”. There are no target values specified. The World Health Organization (WHO)
guideline is an annual mean concentration of 10 micrograms per cubic metre of air (ug/
m?) (WHO, 2018). Based on this guideline limit, the relevant SDG targets and indicators
are interpreted in this study as reducing concentrations of PM, . below 10ug/m? by
2030.

The targets of safe water and sanitation are stated as SDG6.1 (by 2030, achieve
universal and equitable access to safe and affordable drinking water for all) and
SDG6.2 (achieve access to adequate and equitable sanitation and hygiene for all and
end open defecation). Further details of quantifying these targets are given below.
Markandya (2020) estimated the increase in natural capital (i.e. clean water) that
would result from meeting these targets, in terms of the value of the reduction in lost
disability-adjusted life years (DALYs). The same interpretation is taken here.

Costs of meeting air and water pollution targets

Costs of improving air quality

Reductions in GHGs are strongly related to reductions in local pollutants, as many
studies have shown (West et al., 2013; Markandya et al., 2018; Shindell et al., 2018).
McCollum et al. (2018) estimate the costs of policies to reduce air pollution levels
globally in accordance with SDG3.9 at $740 billion for the decade 2020-2030 when no
additional measures are taken to accelerate the track to meeting the Paris Agreement
targets. If, however, action is taken to meet those targets, specifically the 1.5°C target,
the additional costs decline by 16 per cent, down to $620 billion (i.e. $62 billion a year).

The analysis of the measures undertaken by McCollum et al. to reduce concentrations
of harmful pollutants and associated costs is based on a paper by Amann et al.
(2011), which uses the GAINS model to estimate the costs and the reductions
in concentrations. The modelling is essentially one of looking for the least cost
combination of measures that will achieve a given target improvement in air emissions
in a given country.
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The modelling is applied to the European countries, where estimates are made for
achieving targeted reductions in emissions. It is not possible to conduct, within
this study, a detailed analysis of measures for the individual countries to achieve
concentrations of pollutants compatible with the SDG11.6. An approximation of the
cost by country has been made by allocating the costs in McCollum et al. by country
based on the national population that is currently exposed to concentrations of PM,
greater than the WHO maximum concentration. These populations are given in the
World Bank’s environmental statistics for all countries (World Bank, 2017). Transferring
the costs from European countries may give a misleading estimate for African and
other regions to some extent, but as the measures considered relate to technical
features, such as installation of emissions control devices on vehicles, the cost transfer
should not be too inaccurate.

In 2017, about 6.8 billion of the world’s population was exposed to concentrations
of this pollutant above the WHO recommended value. If a country share of that total
was, say 20 per cent, then 20 per cent of the additional costs reported in McCollum
et al. were allocated to that country. This method has some limitations as it does not
capture the severity of exposure, which can vary significantly between countries. The
choice of PM,  for health impacts can be justified as it is by far the most important
pollutant as far as health impacts are concerned (WHO, 2018). The allocation of
costs based on shares of populations exposed is, to be sure, an approximation but
unfortunately a necessary one.

The cost estimates for meeting the air quality target for the selected countries are
given in Appendix 2. They are estimated under two scenarios: (i) countries follow
measures to meet the 1.5°C target; or (ii) no such measures are undertaken. To meet
the target by 2030, the countries facing the largest costs are China and India at around
$12 billion per year in both countries. Australia appears to already satisfy the air quality
target so there are no associated investment costs.

Costs of improving water quality

The costs of achieving the targets have been estimated in other studies, notably Hutton
and Varughese (2016). Their report estimates the costs of achieving both a “basic”
level of water supply and sanitation as well as those of “safely managed” levels of
these services. Basic services would consist of access to a safe community water
source within a 30-minute round-trip; basic sanitation includes an improved toilet and
no open defecation.

Safely managed services require an on-plot water supply for every household and for
sanitation they include a toilet with safe management of faecal waste. Estimation is
based on detailed data collected across developing countries of how much it costs to
provide both safe sanitation and safe water. In this report, only the costs of meeting
the safely managed level of services are considered.

Estimates for the selected countries as annual costs are given in Appendix 3. Annual
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costs of safe sanitation range from $61 million in Morocco to nearly $15 billion in India.
There is also uncertainty about the estimates: the range indicates a lower bound that is
about 36 per cent lower and an upper bound that is 57 per cent higher than the mean.
On the other hand, annual costs of safe water range from $66 million in Morocco to
about $10 billion in India. The lower-bound and upper-bound figures differ from the
mean by 22 per cent and 21 per cent, respectively.

In terms of progress towards these goals, Hutton and Varughese (2016) conclude
that current levels of financing?® are sufficient to meet the basic levels of services by
2030 across all countries. However, basic services do not necessarily equate to safely
managed services. This means that additional financing will be needed to attain the
safely managed levels over the next decade. Appendix 3 also gives an estimate of the
additional funding needed each year over the next 10 years to achieve this goal in each
country. The amounts vary considerably. For small countries (population less than 35
million), the additional finance needed, on average, is around $137 million to $407
million per year; however, for much larger countries (population more than 1 billion),
the amounts are more than 30 times higher — about $4.6 billion per year in China and
$13.4 billion per year in India, on average.

Benefits of meeting air and water targets in terms
of increased natural capital

Benefits of air quality improvements relative to costs

The losses due to air pollution have been studied in some depth by several researchers.
The World Bank and IHME have recently summarized the findings in a report (World
Bank and IHME, 2016) where they give the total deaths in 2013 due to concentrations
of PM, .and the welfare losses associated with these deaths. Welfare loss is measured
by the willingness to pay of individuals to reduce their risks of premature mortality
due to fatal illness attributed to air pollution. Benefits represent the present value of
avoided premature deaths, or in other words, avoided welfare loss. Table 7 summarizes
the data from that report for our 20 countries.®™°

Global benefits are $86 trillion, compared to a cost of between $1.2 trillion and $1.5
trillion (the lower cost figure applies if the climate change policies are consistent with
those for meeting the 1.5°C target). The ratio of benefits to costs is lowest in Kenya
(1.1 with the high-cost alternative). In other countries in sub-Saharan Africa, it ranges

8 Additional financing is calculated as: annual cost of safe sanitation and safe water services minus annual
cost of basic sanitation and water services; and the difference is multiplied by 1.5. The 1.5 factor is based
on the Hutton and Varughese paper stating that the safe water and sanitation cost estimates assume 50% of
households have the basic sanitation and water.

9 In all, there are 214 countries, but data on the others is not available for air pollution. The ones included make
up 96 per cent of the global population.

10 In calculating the present value of costs, we have assumed that the annual costs in the Appendix tables will
need to be maintained into the future. A 40-year horizon is taken. The same applies to the costs of avoiding
air pollution.
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from 2 (Democratic Republic of the Congo) to 29 (South Africa). In other parts of the
world, the ratio is very high: In India it is 860, in Western Europe it is between 100 and
200 and in the US it is over 1,200. Further work is needed to pin down the costs data
for air pollution at the country level.

Table 7: Benefits and costs of improved air quality (AQ), (USS billion)

Air Pollution Costs of Meeting AQ
Targets
Costs Beneflts if With 1.5°C W!th No
No. of Deaths | Loss SMn. gggo'sém.et Y [ (F‘;Ic::?ca;(teSBn
Per Annum Per Annum
DRC 62,412 $1,964 $33 $14 $17
Ethiopia 71,018 $5,059 $85 $18 §22
Madagascar 18,718 $1,377 $23 $3 $3
Senegal 7,747 $1,005 $17 $7 $8
Uganda 20,658 $1,927 $33 $4 85
Angola N.A. N.A. N.A. 85 85
Cameroon 16,392 $2,785 $47 $4 $5
India 1,403,136 $505,103 $8,531 $8 $10
Indonesia 162,410 $125,119 $2,113 $238 $284
Kenya 18,237 $3,102 $52 $42 $50
Morocco 7,034 $3,723 $63 $6 §7
Nigeria 97,248 $37,609 $635 $33 $39
Tanzania 25,370 83,552 $60 $10 $12
Brazil 62,246 $82,612 $1,395 $21 $§25
China 1,625,164 $1,589,767 $26,850 $249 $297
South Africa 19,802 $20,656 $349 $10 $12
Australia 777 $3,361 $57 $0 $0
France 21,138 $81,840 $1,382 $11 $13
Germany 41,485 $180,099 $3,042 $15 $18
USA 91,045 $454,675 $7,679 $5 $6
World 5,323,364 $5,095,685 $86,062 $1,227 $1,465
Note: “N.A.” means data are not available.
The Natural Capital Gap and the SDGs: Costs and Benefits of Meeting the Targets in Twenty Countries 31

3. Reduction in Air an

Water Pollution



Benefits of water quality improvements relative to costs

The water quality improvements are based on losses from water pollution. The WHO
in its Burden of Disease calculations has estimated the loss of disability-adjusted life
years (DALYs) for almost all countries. Table 8 reports the available figures (which are
for 2004 and hence rather dated) for the same countries as the World Bank data for air
pollution. The valuation of benefits is as follows:

Benefits= Value of saved life+22

where the value of a saved life is equal to the avoided loss of DALYs due to water pollu-
tion; and 22 is the recommended approximation suggested by the World Bank (Cropper
and Khanna, 2014) on the assumption that, on average, the person whose life is saved
would survive for 22 years. The value of an avoided death is taken from the air pollution
calculations in that table. The same table also gives the cost figures of avoiding such
losses. The present value of benefits over 10 years (2021-2030) are then calculated
using a discount rate of 4 per cent.

Benefits globally are 48 times the high costs, with national ratios ranging from 3 for the
Democratic Republic of the Congo to 59 for Brazil. In sub-Saharan countries, estimates
range from 3 to 53. While more information on local costs will be helpful, the main
update that is required is to replace DALY losses for a more recent year. The estimates
used here, taken from WHO, are more than 15 years old.
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Table 8: Benefits and costs of improved water quality (WQ), USS billion

Water Pollution

Cost

Benefits if

Costs of Meeting WQ Targets

SBn

No. of DALYs | Loss SMn g? golz(l)\ll $e;n
Per Annum Per Annum
(000)
DRC 5,023 $7,184 $121 $§27 $19 $38
Ethiopia 5,929 $19,196 $324 $30 $21 $42
Madagascar 1,043 $3,488 $59 $9 $6 813
Senegal 597 $3,519 $59 83 §2 85
Uganda 1,377 $5,836 $99 $14 $10 $21
Angola 2,229 N.A. N.A. §7 85 $10
Cameroon 762 $5,885 $§99 85 $3 §7
India 24997 $409,020 $6,908 $234 $156 $349
Indonesia 1,866 $65,342 $1,104 $32 $22 $47
Kenya 1,176 $9,094 $154 $14 $10 $20
Morocco 186 $4,471 $76 $3 $2 $4
Nigeria 9,125 $160,400 $2,709 $58 $40 $84
Tanzania 1,693 $10,773 $182 $19 $13 $27
Brazil 1,181 $71,261 $1,204 $14 $9 $20
China 4,534 $201,607 $3,405 8§77 $51 $116
South Africa 587 $27,842 $470 $6 84 $9
Australia 3 $636 $11 S0 S0 S0
France 2 $368 $6 S0 S0 S0
Germany 15 $3,040 $51 S0 S0 S0
USA 69 $15,757 $266 $0 $0 $0
World 90,606 $3,942,327 $66,582 $979 $680 $1,400
Note: “N.A." means data are not available.
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The relevant natural capital being addressed in this section is the atmosphere to sustain
a stable climate. In the case of reductions in GHGs, we compare the value of the gain in
the reduction through the social cost of carbon (i.e. when GHGs are reduced the costs of
carbon loss are avoided) against the costs of achieving the reduction. Each is considered
in turn.

SDG13 calls for countries to “take urgent action to combat climate change and its
impacts”, while SDG9 aims to “build resilient infrastructure, promote inclusive and
sustainable industrialization and foster innovation”. No specific values have been
specified in the SDGs although there is an indicator for CO, emissions per unit of GDP in
SDG target 9.4. In Markandya (2020), the goal of the SDGs was translated as ensuring
that GHG emissions were on track to meet the Paris Agreement of limiting global
warming of 2°C, and possibly 1.5°C, by 2030. The same consideration about the overall
aims of SDGs 9 and 13 is applied in this section.

Investments for reducing GHGs

Measures to reduce emissions of GHGs and reorient the economies of countries
towards a low-carbon future require not only a change in the types of investment made to
increase the supply and efficiency of sustainable energy systems, as well as production
and consumption systems more widely, but also an increase in the total amount of the
investments in these areas.

A large number of studies have modelled the changes required under different
assumptions about the role of market-based instruments, such as carbon taxes, to
incentivize the shift to low-carbon investments. A comprehensive attempt is represented
by McCollum et al. (2018), in which the authors use six global modelling frameworks to
estimate investments needed to chart a course toward “well below 2°C" as mandated
in the 2015 Paris Agreement, and to pursue the 1.5°C target. The paper also estimates
investments to meet the other SDGs and finds that meeting SDG13 on “limiting warming
to well below 2°C and pursuing efforts for 1.5°C” also reduces the expenditures needed
in meeting the SDG3.9 on air pollution, which aims to “substantially reduce the number
of deaths and illnesses from air pollution”.

Based on the supplementary materials of McCollum et al., Table 9 gives the present
value of the additional investments required over the period 2021-2030 in the selected
20 countries to keep the global economy on track for below 2°C and 1.5°C. Investments
are based on total estimate to 2030. In the table, the estimates for China, India and
the US are directly taken from the paper. Those for Angola, Cameroon, the Democratic
Republic of the Congo, Ethiopia, Kenya, Madagascar, Morocco, Nigeria, Senegal, South
Africa, Uganda and Tanzania are estimated from the paper’s total for Middle East and
Africa, allocated to these individual countries based on its share of GHG emissions from
the region. Similarly, the figures for Indonesia are estimated as a share of the East Asia
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total, those for Brazil from the Latin America and Caribbean total, and those for Australia,
France and Germany from the OECD total.

The annual amounts of investment, on average, are highest in China, followed by the
US and India for either target. Other countries’ requirements are an order of magnitude
smaller (or even more). Another important observation is the range of costs across the
different models. Given a climate target of 2°C, the lower bound is between 70 per cent
and 120 per cent lower than the mean, while the upper bound is 80 per cent to 145 per
cent greater than the mean. In some cases, the lower bounds are negative, implying
the costs of the low-carbon investments are less than those of the business-as-usual
scenario. Regions with the greatest ranges are Brazil, Australia, France, Germany and the
US on the lower bound and the same countries plus India on the upper bound. Thus, it
makes a great deal of difference which option for reduction is realized.

Given a climate target of 1.5°C, the variation of cost estimates relative to the mean is not
very different from those of the 2°C target — the lower bound is 60 per cent to 120 per
cent lower than the mean, while the upper bound is 80 per cent to 135 per cent greater
than the mean. Countries with the greatest ranges on the lower bound are the same as in
the 2°C target. India, Indonesia, Brazil, South Africa and the US have the greatest ranges
on the upper bound. These results mean that financial needs depend significantly on
the measures in place to encourage low-carbon investments, as well as parameters of
the economic structure around which there is still some uncertainty. Globally, costs are
estimated at $2,458 billion a year, on average, for the 2°C target (range is $308 billion
to $4,493 billion) and $3,715 billion (range is $608 billion to $6,667 billion) for the 1.5°C
target.

Benefits of the reductions in GHGs

The annual reduction in emissions over the period to 2030 is valued using the social

cost of carbon (SCC). The SCC values are based on the discounted costs arising from a
tonne of CO, over the long term and therefore are sensitive to the discount rate adopted.
The higher the discount rate, the lower will be the value attached to future costs and
hence the lower will be the discounted present value of the costs. The discounted values
also increase over time as costs rise with higher levels of GHGs in the atmosphere. The
elements in the SCC are explained in the Natural Capital Gap paper (Markandya, 2020).
Based on a review of different models to estimate damages, the document gives a range
of §11-52/tonne CO, in 2015, rising to $16-$76/tonne CO,in 2030 (in US$ 2007). These
values have been converted to USS 2020 prices, giving a range of $16-$74/tonne CO, in
2015, rising to $20-$94/tonne CO, in 2030.

11  These values are averages depending on the discount rate used. The lower bound is the result of a 5 per cent
discount rate while the upper bound is the result of a 2.5 per cent discount rate. There is a further much wider
range that can be derived, depending on what is assumed about costs, but for this study the above is consid-
ered a reasonable representation of the values most researchers would use in sensitivity analysis for the SCC.
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According to the UN Emissions Gap Report (2018), GHG emissions in 2017, including
land-use change, reached 53.5 GtCO,e. They need to be 25 per cent or 55 per cent lower
in 2030 than in 2017 to put the world on a least-cost pathway to limiting global warming
to 2°C or 1.5°C, respectively (UNEP, 2018). Under current policies, emissions are expected
to be around 59 GtCO,e in 2030. Hence, the reduction in emissions for the year 2030
relative to where they would be under current policies is 18.9 Gt for the 2°C target or 34.9
Gt for the 1.5°C target.

To get to these targets by 2030, a progressive reduction will be required over the next
10 years. It is assumed that these reductions will grow at a constant rate to get to the
2030 target values, giving a total cut globally of 115 GtCO,e under the 2°C scenario and
227 GtCO,e under the 1.5°C scenario. The benefits for the two values of SCC are given in
Table 9. Reductions for each country are based on its share of the total costs on the cost
side of the table." It is noted that the largest costs and benefits are also from the largest
emitters of GHGs among the selected countries — China, India and US whose share in
the global GHG emissions are about 45 per cent, 12 per cent and 21 per cent, respectively,
as of 2018 (World Bank, 2021a). Altogether, the mean costs and benefits of these three
countries account for about 60 per cent of the costs and benefits of meeting the global
climate target.

Given the costs and the gains in natural capital in Table 9, a comparison shows a
significant difference, with the global increase in natural capital being double the costs
for the mean case. Comparing the lower value of SCC against the lower costs, we get a
ratio of 5 and with the higher costs of reduction against the higher SCC, the ratio is back
to around 2. These are for the 2°C target values. With the 1.5°C target, the ratios of gains
to costs are slightly higher: 2.5 in the mean case, 5.3 with the low SCC/low costs and 2.3
with the high SCC/high costs. As benefits are global (so they are the same per tonne for
each country) and as they are allocated in proportion to the costs borne by each country,
these ratios apply to all countries.

Further work is needed to investigate the costs of reduction at the national level and to
make the estimates of the actual sharing of burdens other than the simple one adopted
here.

12  The assumption of emissions reductions being in proportion to share of costs should be checked once data
for reductions at the country level can be obtained along with the costs of the reductions for countries where
approximations have been made.
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Table 9: Benefits and costs of meeting climate targets, USS billion

Country PV of Benefits of Climate Target 2021-2030 ($Bn) PV of Cost of Climate Target 2021-2030 (SBn)
2°C 1.5°C 2°C 1.5°C
Mean Low High Mean Low High Mean Low High Mean Low High

DRC $3.7 $2.9 $13.6 $9.0 $1.9 $17.3 $1.9 $0.5 $3.6 $3.6 $0.4 $7.5
Ethiopia $6.4 $5.0 $23.7 $15.7 $3.3 $30.2 $3.4 $0.9 $6.2 $6.3 $0.6 $13.2
Madagascar $1.0 $0.8 $3.7 $2.5 $0.5 $4.8 $0.5 $0.1 $1.0 $1.0 $0.1 $2.1
Senegal $1.4 $1.1 $5.2 $3.5 $0.7 $6.7 $0.7 $0.2 $1.4 $1.4 $0.1 $2.9
Uganda $2.9 $2.2 $10.6 $7.0 $1.5 $13.5 $1.5 $0.4 $2.8 $2.8 $0.3 $5.9
Angola $10.7 $8.3 $39.6 $26.2 $5.6 $50.3 $5.6 $1.6 $10.4 $10.5 $1.1 $22.0
Cameroon $3.0 $2.3 $11.0 $7.3 $1.5 $13.9 $1.6 $0.4 $2.9 $2.9 $0.3 $6.1
India $508.6| $427.8| $2,029.9 $928.4 $729.4|  $2,006.1| $267.7 $81.1 $657.0 $373.1 $137.9 $876.0
Indonesia $89.0 8128.5| $609.7 $179.5 $99.1 $347.6 $46.9 $24.4 $73.1 §72.2 $18.7 $151.8
Kenya $6.6 $5.2 $24.5 $16.2 $3.4 $31.1 $3.5 $1.0 $6.4 $6.5 $0.7 $13.6
Morocco $10.5 $8.2 $38.8 $25.7 $5.5 $49.3 $5.5 $1.6 $10.2 $10.3 $1.0 $21.5
Nigeria $50.7 $839.6| $187.8 $124.5 $26.5 $238.7 $26.7 §7.5 $49.2 $50.0 $5.0 $104.2
Tanzania $4.7 $3.7 $17.6 $11.7 $2.5 $22.4 $2.5 $0.7 $4.6 $4.7 $0.5 $9.8
Brazil §72.7 -$43.3| -$205.3 $117.1 -851.9 $242.5 $38.3 -$8.2 $93.0 $47.1 -89.8 $105.9
China $1,741.4| $1,283.4| $6,089.6| $3,350.3| $2,789.1 $4,978.2| $916.5| $243.3 $1,914.2 $1,346.4 $527.2 $2,173.7
South Africa $32.8 $25.6| $121.4 $80.5 $17.1 $154.3 $17.2 $4.9 $31.8 $32.3 $3.2 $67.4
Australia $36.3 -813.2 -862.7 $77.0 $14.4 $132.9 $19.1 -$2.5 $43.2 $31.0 $2.7 $58.0
France $65.6 -823.9| -8113.2 $139.1 $26.1 $240.1 $34.5 -84.5 §78.1 $55.9 $4.9 $104.8
Germany $91.2 -$33.2| -$157.4 $193.5 $36.3 $333.9 $48.0 -86.3 $108.6 $77.8 $6.9 $145.8
USA 8585.6| -87128.3| -$609.0| $1,170.6 $343.3 $2,451.9| $308.2 -$24.3 $689.4 $470.4 $64.9 $1,070.6
World $4,669.5 $1,625.6 $7,713.4| $9,243.5 $3,218.1| $15,268.9| $2,457.6  $308.2 $4,493.4 $3,714.8| $608.3 $6,667.2

Note: PV means present value. In a few cases the lower bound is negative, implying that the climate target could be achieved by a gain in the value of economic
activities. Studies of the costs of mitigation in the climate change literature include a number of such estimates for selected countries.
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The main Sustainable Development Goal related to materials is SDG12 on sustainable
production and consumption and SDG target 12.2, which states sustainable management
and efficient use of natural resources. Indicators include: 12.2.1 (material footprint,
material footprint per capita and material footprint per GDP) and 12.2.2 (domestic
material consumption, domestic material consumption per capita and domestic material
consumption per GDP). The precise target increase in efficiency of materials use is
based on work by the Organisation for Economic Co-operation and Development (OECD)
and United Nations Environment Programme (UNEP) as explained below.

According to the OECD, global primary materials use is projected to almost double
from 89 gigatonnes (Gt) in 2017 to 167 Gt in 2060. Non-metallic minerals - such as
sand, gravel and limestone — represent the largest share of total materials use. These
non-metallic minerals are projected to grow from 44 Gt to 86 Gt between 2017 and 2060.
Metal use is smaller when measured in weight, but is projected to grow more rapidly and
metal extraction and processing is associated with large environmental impacts (OECD,
2019). Table 4 shows changes in material use to 2060 as well as materials efficiency
measured as GDP in constant USSPPP (purchasing power parity) per tonne of material.
Growth in materials is expected to be less than growth in GDP, indicating an increase in
efficiency. This is greatest for fossil fuels and biomass at around 2 per cent p.a., 1.4 per
cent p.a. for non-metallic minerals and least for metals (0.75 per cent).

Given the significant environmental impacts of material extraction and production, and
scarcity of some minerals raising concerns that overuse could lead to future limits
to growth, SDG12 looks to increase materials efficiency even further. UNEP and the
International Resources Panel (IRP) have published a Global Resources Outlook (IRP,
2019), in which they claim that “concerted resource-efficiency and sustainable resource-
management measures can reduce resource extraction by 25 per cent, significantly
mitigate negative impacts and boost the economy by 8 per cent by 2060” (IRP, 2019).
The 25 per cent reduction is relative to an historical trends scenario that has a total of
187 Gt in 2060, with a different breakdown between the four categories of materials
from the OECD study. They further claim that the historical trends projected increase
to 2060 “would result in substantial stress on resource supply systems and in higher
levels of environmental pressures exceeding the safe operating spaces for society and
companies” (UNEP, op. cit.).

The relationship between reduced use of materials and the natural capital gap is complex.
Three sources of value of natural capital associated with reducing the use of such
materials are: a reduction in the loss of ecosystem services by having less impact on
the environment; more materials being available for future generations to use, the value
of which should be based on the scarcity rent of the current extraction; and an increase
in GDP brought about by creating innovation and developing new areas of economic
activity related to materials recovery.

On the first of these, there are no data to value the reduced damages from less materials
recovery accurately. Various studies on the costs of environmental degradation give
estimates in the range of 2-8 per cent of GDP and it is likely that for materials the costs
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will be in this range as a per cent of total value of output.’™ Hence, indicative estimates
have been made on that basis. With regard to scarcity rents, research done some time
ago shows that such rents only amount to a significant amount when expected reserves
are less than a few decades worth of current extraction (Farzin, 1992). There are hardly
any minerals for which this is the case and so no scarcity rents have been included here.
Lastly, evidence for higher growth as a result of a more efficient resource use policy,
as suggested in the UNEP and IRP (2019), is very limited. It is not considered credible
enough to be included in the valuation of the natural capital gap.

In making the estimates reported here, the following assumptions have been made on
the projections from the two sources and on the valuation of minerals:

= Biomass use can be reduced from the OECD estimate of 37 Gt to the UNEP/IRP
target of 32 Gt by 2060.

» Fossil fuel use can be reduced from the OECD estimate of 24 Gt to the UNEP/IRP
target of 8 Gt by 2060.

» Metal use can be reduced from the OECD estimate of 19.5 Gt to the UNEP/IRP target
of 9.4 Gt by 2060.

»= The non-metallic minerals target for 2060 are the same in the OECD and UNEP/IRP
projections so no change is expected there.

» Changes in intervening years to 2060 are in proportion to the changes for 2060.

= Values of different materials are a weighted average of latest prices,’* with weights
based on current quantities.

Costs of improved material efficiency

Data on costs are quite limited. In the International Energy Agency (IEA) report on
materials efficiency (IEA, 2019), some cost data are given in terms of the cost per tonne
CO, abated by reducing materials use. The report refers to a study by Material Economics,
which notes that strategies accounting for a considerable portion of material demand
reduction in the Clean Technology Scenario are estimated to have positive although
moderate costs, such as EUR 50 (euros) per tonne (t) of carbon dioxide (CO,) abated
for buildings reuse and EUR 60/t for reducing steel fabrication losses. Other strategies
that account for a substantial portion of the additional material demand reductions in
the Material Efficiency variant are at the higher end of the cost curve, such as EUR 85/t
abated for material efficiency in buildings design and construction, and EUR 100/t for
vehicle light weighting. All strategies in the Material Economics analysis have abatement
costs no higher than EUR 100/t.

To convert these costs into cost per tonne of materials, such as metals, a link between

13 Reductions in fossil fuel use will provide benefits of lower GHGs. These are valued separately under Target
9.4. See Section 4 above.
14  Prices are taken for 2019 from: https://www.imf.org/en/Research/commodity-prices and some other sourc-

es.
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materials use and CO, emissions is required. In the UNEP report cited above, the
extraction and processing of metals make up about 10 per cent of total GHGs. In
2017, these emissions were estimated at 53.5 GtCO,e, including from land-use change
(UNEP, 2018). Thus, the share that is attributed to metals is 5.35 GTCO,e. Metal use in
production in 2017 globally was 8.63 Gt. Thus, emissions per tonne of metals were 620
kg CO,. Costs of reduction of CO, per tonne abated according to the IEA report lie in the
range of €50-100/t CO, abated. An average of €75/t is used, which was equal to $82.5/t
CO, at the exchange rate of the year of the estimate (2015). This implies that the cost per
tonne of metal reduced is $51.2. This figure is used (with the ranges of $34.1 to $68.2)
in estimating the costs of metal materials reduction measures.

The other category of materials for which there is an efficiency target is biomass. The
UNEP and IRP (2019) report estimates the share of emissions from this sector at 17 per
cent of global emissions, equal to 9.10 GtCO, in 2017. Biomass use in 2017 globally was
21.5 Gt. Thus, emissions per tonne of biomass were 423 kg. Measures to improve crop
efficiency and land use management would include increased grassland management,
improved agronomy practices, and dietary additives and feed supplements to reduce
emissions from livestock. McKinsey (2007) estimates that the average cost per tonne
CO, abated is around €1, equal to $1.4 at the exchange rate of the time of estimation.
This would imply a cost of $0.6/t of biomass abated. A range of +/-25 per cent is
taken based on the MACC curve in the McKinsey paper, given a cost range of $0.45 to
$0.75 per tonne. The above cost estimates for metals and biomass targets should be
considered preliminary. As the IEA report notes, further analysis is required in this area.

These estimates, combined with the targets for reductions in metals and biomass use
form the basis of the estimates given in Table 10, which gives the reduction in Gt of
metals and biomass over the decade 2020-2030, as well as cost estimates per year over
this period to achieve these reductions. It should be noted that these are averages over
the decade. As reductions and costs increase over time, one can expect lower costs in
the initial years and higher ones later. Globally, the costs range from $45 billion to $91
billion a year over the next decade, with the largest amount required in China (around a
third of the total), followed by India and the US (10 per cent and 8 per cent, respectively,
of the total). All African countries, except South Africa, have lower requirements to
achieve materials efficiency the lower bound is less than $145 million and the upper
bound is less than $245 million, accounting for less than 0.32 per cent of the global cost.

Most of the costs in Table 10 are for reducing the use of metals in production; costs of
biomass reduction only make up 0.5 per cent of the total. Given that the programme
identified here has not yet started, one can assume that these expenditures represent
additional financing that will be needed over the coming decade.
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Benefits of improved materials efficiency

The value of the natural capital gap is also presented in Table 10. It is the present value of
the reduction in ESS losses on account of the lower extraction and use of raw materials
and the savings in materials. The reductions are initially those for 2030 as that is the
date for the SDGs. Once the initial measures have been put in place to increase material
efficiency, the benefits will flow for future years beyond 2030 and that has not been taken
into account. The gap is estimated between $1.8 and $2.9 trillion, for the decade based
on the UNEP Towards Sustainability Scenario (IRP, 2019).

A comparison of the costs and benefits can be made from the data in Table 10. Benefits
are between three and four times the costs across all countries. More data is needed,
however, to make this comparison more accurate at the country level. In particular,
information on the materials savings will vary by country more than is allowed for here.
Furthermore, the information on costs of substitution is very limited and more would
have to be connected.
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Table 10: Costs and benefits of achieving materials efficiency in selected countries by 2030

Country

Reduction

Period Cost

Reduction

Biomass

Period Cost

PV of Total Cost
(SMn/Year)**

Metals & Biomass

PV of Benefits

5. Material Use and Efficiency

(zgtz)l -2030 ($Mn/Year)** (thz)l -2030 ($Mn/Year)** ($Mn/Year)**
Average |Low High Average Low High | Average Low High Average | Low High
DRC 0.017 590 393 786 0.007 3 2 4 $593 $395 $789 $730 $74 $804
Ethiopia 0.030 1,030 686 1,373 0.013 5 4 7 $1,036 $690 $1,379 $1,276 $129 $1,405
Madagascar 0.005 163 108 216 0.002 1 1 1 $163 $109 $218 $201 $20 $§222
Senegal 0.007 228 152 304 0.003 1 1 1 $229 $153 $305 $282 $29 $311
Uganda 0.013 461 307 614 0.006 2 2 3 $463 $309 $617 $570 $58 $628
Angola 0.050 1,719 1,145 2,290 0.022 9 7 11 $1,728 $1,151 $2,301 $2,128 $215 $2,343
Cameroon 0.014 476 317 634 0.006 2 2 3 $478 $319 $637 $589 $60 $649
India 1.531 52,970 35279| 70,557 0.668 271| 203 339| $53,241| $35482| $70,896| $65583| $6,642| $72,225
Indonesia 0.556 19,258| 12,826| 25,652 0.243 99 74 123| $19,357| $12900| $25776| $23,844| $2417| $26,261
Kenya 0.031 1,062 707 1,415 0.013 5 4 7 $1,068 $§712 $1,422 $1,315 $133 $1,448
Morocco 0.015 524 349 699 0.007 3 3 $527 $351 $702 $649 $67 $717
Nigeria 0.236 8,156 5432| 10,864 0.082 33 25 42 $8,189 $5457| $10,906| $10,098 $814| $10,912
Tanzania 0.022 764 509 1,018 0.000 0 0 0 $764 $509 $1,018 $946 $0 $946
Brazil 0.399 13,797 9,189| 18,378 0.172 70 52 87| $13,867 $9,241| $18465| $17,082| $1,710| $18,792
China 5172 178996 119,214| 238,428 2.231 905| 679 1,131| $179,901| $119,893| $239,560| $221,618| $22,181| $243,799
South Africa 0.081 2,787 1,856 3,713 0.035 14 11 18 $2,802 $1,867 $3,731 $3,451 $346 $3,797
Australia 0.235 8,122 5410/ 10,819 0.102 41 31 51 $8,163 $5440| $10,870| $10,056| $1,009| $11,065
France 0.101 3,510 2,337 4,675 0.051 21 16 26 $3,530 $2,353 $4,701 $4,345 $510 $4,856
Germany 0.141 4,880 3,250 6,501 0.071 29 22 36 $4,909 $3,272 $6,537 $6,042 $710 $6,752
USA 1.263 43,700 29,105| 58,210 0.545 221 166 276| $43922| $29271| $58487| $54,106| $5421 $59,527
World 15.916 550,801 366,842 733,684 6.475 2,626 1,969 3,282 $553,427 $368,811| $736,966 $681,956 $64,358 $746,314
Sources: *OECD (2019), and UNEP and IRP (2019).
**Own calculations.
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This section applies to SDG15 — “protect, restore and promote sustainable use of
terrestrial ecosystems, sustainably manage forests, combat desertification, and halt and
reverse land degradation and halt biodiversity loss”. Although agricultural land is part of
the terrestrial ecosystems, it is covered in section 2 of this report. This section focuses
on ecosystems found in forests, wetlands and protected areas.

The target year in SDG15 for losses of terrestrial and freshwater inland ecosystems is
2020, but that is obviously unrealistic, so 2030 has been adopted as the target date. The
target reduction of losses for forests (SDG15.2), wetlands and protected areas (SDG15.1)
are not specified in the SDG, but they are stated in the Aichi Biodiversity Targets that were
adopted as part of the Convention of Biological Diversity's Strategic Plan for Biodiversity
2011-2020.

The Aichi targets are closely related to the SDGs; hence it is reasonable to adopt them.
The relevant ones for this exercise are: halving the rate of loss of natural habitats,
including forests and wetlands (Aichi Target 5); and ensuring that at least 17 per cent of
terrestrial and inland water areas and 10 per cent of coastal and marine areas, especially
areas of particular importance for biodiversity and ecosystem services, are conserved
(Aichi Target 11). There has, however, been a push to raise the protected areas together
from 27 per cent to 30 per cent (Waldron et al,, 2020). If each target were raised in
proportion, that would make the terrestrial target 18.9 per cent and the marine 11.1
per cent. It must also be noted that while the Aichi Target 11 addresses protection of
terrestrial and aquatic ecosystems, this section does not include aspects about the latter
due to data limitations.

There is no formal statement, however, in the literature setting these as the new targets
and so the report has retained the original Aichi targets.'> Conservation is undertaken
through effectively and equitably managed, ecologically representative and well-
connected systems of protected areas, other effective area-based conservation
measures, and integration into the wider lands.

Reducing the rate of deforestation

Data on the rate of deforestation is taken from the World Development Indicators (World
Bank, 2017). To estimate the costs of halving the rate of loss, only one study —undertaken
by the Secretariat of the Convention on Biological Diversity (CBD, 2013) — was available.
It estimated the costs of this target, assuming the programme was initiated in 2013 and
completed in 2020, by which time the rate of loss would be halved if the programme was
successful.

In terms of what has been achieved since 2013, there are divergent views. One comes

15 A Global Biodiversity Framework is currently being drafted with revised targets. Once these are available the
report can be updated for those targets.

The Natural Capital Gap and the SDGs: Costs and Benefits of Meeting the Targets in Twenty Countries 46
6. Forests, Wetlands and Protected Areas



from Global Forest Watch (GFW) compiled from satellite images by the World Resources
Institute (WRI, 2020). It estimates the decline in tree cover in 2020 was 12.2 million
hectares, almost 50 per cent more than in 2015. That analysis is supported by on-the-
ground observations, especially in South-East Asia, where forest continues to be
converted to oil palm. If true, it would indicate that the programme has not worked so far.

The other source is the Global Forest Resources Assessment (FRA), compiled from
government inventories by the UN Food and Agriculture Organization (FAO). It estimates
the annual net loss, once forest regrowth is taken into account, at barely a tenth as much
— just 3.3 million hectares and says deforestation rates have declined by more than 50
per cent in the past decade.

The difference is not resolved, but the discussions on the topic suggest that GFW,
based on satellite data and not dependent on national reporting of registered land use,
is possibly closer to the right figure. In any event, neither measure would claim that
deforestation rates were halved between 2013 and 2020. In this analysis, it is assumed
that the target of reducing the rate of deforestation by 50 per cent relative to 2020 levels
remains in place, to be achieved by 2030.

Costs of reduced deforestation

The estimates of the costs are based on work done by the Convention for Biological
Diversity (CBD) Secretariat. They include preparation of biodiversity inventories, setting
up monitoring systems, training and education of professional officers, law enforcement
and the creation of enabling conditions (financial incentives which counter illegality).
The global cost was estimated at $10.5 billion in investments over three years and $83.1
billion in recurrent costs over eight years. These costs are in 2012 prices, thus to convert
to 2020 prices they are raised by a factor of 1.129, making a total cost of $105.6 billion
over 8 years. To be consistent with the other programmes, these costs are spread out for
the coming programme over 10 years.

To link this to a cost per hectare, an estimate of the level of deforestation was taken at
the start of the period (2012-2013). As noted, there are very different opinions of the rate
at that time. The GFW figure for that period was 22 million hectares while the FAO figure
was around 3.3 million hectares. Based on these, the costs of the CBD programme work
out between $4,804/ha and $32,028/ha spread over 10 years in 2020 prices.

The reduction in hectares of forest as a result of the programme is calculated
assuming the rate of deforestation is halved. Since forest areas will decline over
time as deforestation takes place, the estimate must allow for that. If the rate of
deforestation is p and initial forest area is F hectares then the loss of forest over a
period of 10 years is given by AF, where

AF=F*(1-(1-)*11)
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The resulting decline in deforestation is half that — i.e. 0.5*AF.® That amount is shown in
Table 11, along with the costs for the selected countries and the world. Costs are given
both for the whole period 2021-2030, as well as an average annual cost over that period,
under the basis of GFW and FAO data. Global costs amount to between $105 billion and
$700 billion, which is a wide range. The highest costs (nearly half the total) are in Brazil,
followed by Indonesia, Tanzania, the Democratic Republic of Congo and Nigeria. The
lowest costs are in Madagascar and Senegal. Large countries, such as China and India,
that have high costs of other SDGs do not need finance for this SDG, as they are not
facing deforestation.

Benefits of reduced deforestation

Primary forests provide a wide range of ecosystem services. There are no direct
estimates of all these services for each country. However, two data sources provide
some estimates of values per hectare. The first is a global database that includes
forests everywhere and has been assembled by de Groot et al. (2020). In addition, a
meta-analysis has been conducted using global data to estimate some forest ecosystem
services in all countries (Siikamaki et al., 2015). These original estimates were updated
for the World Bank publication, Changing Wealth of Nations (World Bank, 2021).

The preferred source was the meta-analysis mentioned above, which gives values by
country for the following services: recreation; habitat/species protection, non-timber
forest products (NTFPs); and water services.'” These are available for each of the 20
countries in the sample. However, the list of services provided by forests is wider than
that. The de Groot et al.'s most recent survey of global studies includes the following
other services: genetic resources; water flow regulation; air quality regulation; climate
regulation; extreme event moderation; waste treatment; erosion prevention; soil fertility;
and pollination. These have also been included to complete the set of services provided.

The figures in the de Groot et al. paper are in PPP dollars. As all our figures are in market
prices converted using market exchange rates, we have adjusted the figures from the
de Groot study to allow for this. The estimates of benefits from reduced deforestation
assume that the current values of ecosystem services will continue for the indefinite
future and the present value is calculated using a 4 per cent discount rate.’”® These
benefits are also shown in Table 11. The comparison of the benefits of reduced
deforestation relative to the costs of bringing it about depends critically on the cost
figures taken. With the lower costs, the benefits are between 3 and 10 times the cost.
With the high cost estimates, however, the increase in natural capital is less than the cost
for almost all selected countries (although globally the increase is 1.5 times the cost).
These results indicate that more effort needs to be made to estimate the costs more
accurately at the country level. There will also be something to be gained from estimating
the benefits in a more focused way, although the values given here should offer a good
point of departure.

16  The same applies in the case of wetland loss.

17  The original figures were in 2018 US dollars, so to bring them up to 2020 dollars an inflation factor of 3.1 per
cent has been applied.

18 Adiscount rate of 4 per cent was used in the calculation, which is a common discount rate employed in wealth
accounting for natural assets (Kunte et al., 1998; Lange et al., 2018; Markandya, 2019).
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Reducing the rate of loss of wetlands

The Aichi target is to halve the rate of loss of wetlands, where feasible bring it to zero,
and significantly reduce degradation and fragmentation. The original date for achieving
this was 2020, but as that has not been met, a new date is set at 2030. The baseline for
this is difficult as not all countries have up-to-date figures. The global baseline estimate
is for 2015.

Costs of reducing wetland loss

Costs of achieving the goal as estimated by the CBD were between $290 and $323
billion over 8 years in 2012 prices. Updating to 2020 prices gives a range of $327 billion
to $365 billion. The total area of wetlands, on which the estimate was based, was 1,213
million hectares, facing a loss of 19.4 million hectares a year, or 155 million hectares
over the 8 years. The costs related to that loss rate are $1,598-2,349 per hectare spread
over 8 years originally, but to be consistent with the other programmes the costs are
spread over 10 years (2021-2030).

The figures for individual countries are calculated using this cost range, but applying it
to the loss rates relevant to each of the countries. Estimates of these were difficult to
obtain in some cases and the figures used are from various sources as cited in Table 12.
Further work is needed to get better or more recent estimates, especially for Angola and
those countries whose data were obtained from Ramsar (2021). Wetlands recognized
as Ramsar Sites have national and international importance, but not all wetlands in
a country are included in the List of Sites. Given this limitation, the table provides an
estimate of total costs of meeting the wetland target. Globally, the figures are $158
billion to $232 billion, or $16 billion to $23 billion a year. The five countries with the
largest requirements to meet their respective targets are Indonesia, China, Brazil, India
and the Democratic Republic of Congo. Some small countries with a high loss rate and
large wetland area, such as Uganda, will also need significant amounts of finance; in
its case the figures indicate an amount of $51 million to $75 million a year. Another
example is Tanzania with an annual cost of $63 million to $93 million to meet the target
of halving the loss of wetlands in the country by 2030.

Benefits of reducing wetland loss

Estimates of the value of services from wetlands are estimated in de Groot et al. (2020)
at $78,452/ha/year for inland wetlands and $48,647/ha/year for coastal wetlands
(mainly mangroves). These are global averages in PPP terms. To get values at the
country level, two adjustments are made. First, a meta-analysis (Salem and Mercer,
2012) shows that values decline with per capita income. A 1 per cent decline relative to
average global income results in a 0.79 per cent decline in the value of the ecosystem
services. This factor has been used to calculate country values. Second, as the values
are in PPP terms, a further adjustment has been made to correct for the ratio of PPP
based values and market-based values. The estimates of change in benefits from
reduced wetland loss assume that the current values of the ecosystem services will
continue for 50 years, and the present value is calculated using a 4 per cent discount
rate.
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The results are shown in Table 12, along with the cost data. Benefits are much higher
than costs for all countries, by a factor of about 30 to 195 for the non-OECD countries
and by a factor of 190 to 655 for the OECD countries. These ratios of benefits to costs
are taken using the high cost estimate.

The main ongoing work is to improve the data on the cost side. Estimates of the value of
ESS at the country level would also help improve the calculations but there are likely to
change less than the cost data.

Increasing protected areas

The Aichi targets for protected areas (PA) state that such areas should account for
at least: 17 per cent of terrestrial and inland water areas; and 10 per cent of marine
and coastal areas. Since then, there has been a strong push in the post-2020 global
biodiversity framework to increase PA coverage to 30 per cent for terrestrial areas and
marine areas taken together (Waldron et al., 2020).

As noted in the introduction to this section, however, the 30 per cent overall figure does
not separate the marine and terrestrial targets and so it has not been adopted for the
purpose of this report. The Protected Planet Report 2016 (UNEP-WCMC and IUCN, 2016)
puts the protected terrestrial protected areas at 14.7 per cent and marine ones at 10.1
per cent each of their respective total areas. In terms of hectares, the report states that
to meet the target an additional 3.1 million km? would need to be protected globally. For
marine and coastal areas, the same report states that the 10 per cent target has been
met globally, but not for all countries. This arises because a few countries have coverage
well in excess of 10 per cent. Estimates of the additional areas needed to be protected
for the selected countries are taken from the World Database on Protected Areas.’

Costs of Increasing Protected Areas

The costs of meeting the goals are spread over 10 years (2021-2030). For terrestrial
areas, the unit costs are taken from Hussain et al. (2011). The cost of converting land
to protected areas is considerable. Hussain et al. carried out a detailed survey of the
different components of the cost, which include transfer of property rights in some
cases, establishing and maintaining networks of areas, transactions costs and, most
importantly, opportunity costs of the alternative use of the land. Costs per hectare turn
out to be in the range of $2,792 to $11,869 (the original figures have been adjusted
for inflation to get them into 2020 prices). The CBD (2013) study also makes some
estimates, with even wider ranges, but with less detail on method, so the Hussain et al.
estimates have been used. For marine sites, the CBD study has been used. It estimates
the costs of meeting the 10 per cent target between $16.3 billion and US$39.4 billion
(prices adjusted for inflation to get them into 2020 prices). The amount of land they

19  See the Protected Planet dashboard, the online interface of the World Database on Protected Areas: https://
www.protectedplanet.net/en.
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would protect is estimated at 1,097 million hectares, given a cost per hectare of between
$15and $36.

In addition to these costs, Waldron et al. (2020) estimate an additional annualized cost
for meeting the 30 per cent combined target at between $78.7 billion and $153.7 billion,
of which $43.1 billion is additional funding required to make existing protected areas
effectively protected. The total cost estimates from that study for new areas cannot be
converted into a cost per hectare as the additional terrestrial and marine areas protected
are not specified in the paper. The costs of upgrading management for existing sites,
however, can be converted into a cost per hectare as current areas are given as 19.8
million km? (terrestrial) and 14.9 million km? (ocean). Together they imply an additional
$12.4/ha. As this is not included elsewhere, it has been added to the cost data.

Table 13 gives the estimates of the finance needed over 10 years to meet the targets
for protected areas. Global costs per annum amount to $62 billion to $261 billion — a
very wide range. Most of these costs are for terrestrial areas, with largest shares going
to the US and India, followed by China, Angola and South Africa. Even smaller countries
like Cameroon and Madagascar, however, would also need a significant amount to meet
the targets by 2030 — Cameroon in the range of $0.8 billion to $3.4 billion per year, and
Madagascar from $1.6 billion to $6.8 billion per year. Further work is needed to pin these
estimates down more accurately.

Benefits of protected areas

In terms of benefits, Hussain et al. (op. cit.) estimate the biophysical changes resulting
from the protection and value the ecosystem services that such a change provides. The
areas that increase in most parts of world include grassland and forest, but in some
cases protected areas are created by reducing land from these biomes as well.

The value of the services is derived by taking the value of ESS from forest areas (as
outlined above) for the share of the total terrestrial area that is forests and by taking
the value of ESS from grasslands for the share that is grasslands. The latter is obtained
(along with many of the other ecosystems in this section) from de Groot et al. (2020).
The average global value in PPP dollars is $1,597/ha/year. This has been adjusted for
each country to convert it into market dollars. In addition, some protected areas are
marine areas, for which the value in the de Groot et al. study is $30,794/ha/year. This has
also been adjusted for each country to convert it into market dollars.

Since the areas marked for protection already provide some of the services associated
with the corresponding ecosystems, we need an estimate of how much their
classification as protected areas will increase the value of these services or prevent
them from declining. It is reasonable to assume that if the areas remain unprotected, the
flow of ecosystem services from them will decline. It is assumed that 10 years from now
they would only provide 10 per cent of what they currently provide. In addition, moving
them into protected status will restore full value gradually over 5 years. Clearly, these
assumptions need further investigation.
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Finally, the estimates of change in benefits from reduced wetland loss assume that the
current values of the ecosystem services under each condition will continue for the next
50 years and the present value is calculated using a 4 per cent discount rate.

The results are given in Table 13 along with the cost data. Benefits range from $2 billion
in present value terms for Uganda to $6 trillion for Indonesia. The ratio of the present
value of benefits (i.e. the increase in natural capital) to the costs ranges between 1 and
2 in Uganda, Ethiopia, Angola and Cameroon to over 113 in Indonesia and over 5,000 in
two outliers (Senegal and Tanzania). The reason is that these two countries only have
marine protected areas and the costs of protection for these areas is estimated to be
very low (§35-$62/ha in Senegal and $46-$82/ha in Tanzania) compared to nearly $3,000
to $149,600/ha for terrestrial areas of sub-Saharan countries in the table. In addition, the
value of ESS is very high for marine areas relative to terrestrial ones.
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Table 11: Costs and benefits of reducing deforestation by half in 2021-2030, USS million

Deforest- Forest Area

ation Rate

Country

Based on GFW Data

Based on FAO Data

Benefits of Reduced Deforestation

(% per year) (Ha) Cost of Annual Cost | Cost of Annual Cost ESS per | Reduction (ha) PV of Gain
Halving Loss (SMn/Year) Halving Loss ($SMn/Year) 2021-2030 S$SMn
(SMn)
DRC 0.2 152,569,100 $7,982 $798 $53,217 $5,322 1,021 1,661,578 $42,429
Ethiopia 0.6 12,500,000 $1,923 $192 $12,822 $1,282 722 400,345 $7,223
Madagascar 0.3 12,454,800 $973 $97 $6,484 $648 604 202,449 $3,057
Senegal 0.5 8,299,000 $1,069 $107 $7,129 $§713 899 222,602 $5,001
Uganda 4.1 2,090,400 $1,853 $185 $12,354 $1,235 727 385,716 $7,008
Angola 0.2 57,860,800 $3,027 $303 $20,182 $2,018 841 630,142 $13,249
Cameroon 1.1 18,825,400 $5,180 $518 $34,536 $3,454 833 1,078,318 $22,463
Kenya -1.4 4,438,200 - - - - - ; ]
India 0.5 70,757,400 - - - - - ] ]
Indonesia 0.6 90,962,400 $13,996 $1,400 $93,307 $9,331 680 2,913,308 $49,498
Morocco -0.8 5,619,600 - - - - 1,126 - -
Nigeria 4.1 7,014,700 $6,218 $622 $41,455 $4,146 1,231 1,294,338 $39,849
Tanzania 0.8 46,072,000 $9,358 $936 $62,390 $6,239 798 1,947,997 $38,871
Brazil 0.4 493,122,000 $51,087 $5,109 $340,595 $34,060 1,142 10,634,293 $303,525
China -1.1 208,413,600 - - - - - : )
South Africa 0.0 9,218,800 - - - - - - ]
Australia 0.2 124,448,400 $6,511 $651 $43,408 $4,341 2,292 1,355,325 $77,668
France -0.7 16,988,000 - - - - - - R
Germany 0.0 11,412,300 - - - - - - -
USA -0.1 310,083,300 - - - : - - .
World 0.1 3,995,776,400 $105,050 $10,505 $700,363 $70,036 2,004 21,867,215  $1,095,681

Sources: The deforestation rate is from World Bank (2017), reporting average figures from 2000 to 2015 (the negative numbers indicate an increase in forest
areas); data for forest areas are for 2015 and obtained from World Bank (2017); costs are based on CBD (2013).
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Table 12. Costs and benefits of reducing loss of wetlands by half in 2021-2030, US$ million

Country

Inland
U EHERGES
(000 ha)*

Coastal
U EHEDTLS
(000 ha)»

Total
U EHEDTS
(000 ha)®

% Loss
per Year®

Cost of Both
Targets 2021-2030
(SMn)

Annual Cost of
Targets 2021-
2030 (SMn/Year)

Reduction of Loss
2021-2030 (000 ha)

PV of Gain
SMn

Low High Low High Inland Coastal Inland &
Wetlands Wetlands | Coastal
DRC 11,841 66 11,907 -1.6% $1,547 $2,274 $155 $227 963 5 $120,634
Ethiopia 1,370 0 1,370 -1.6% $178 $262 $18 $26 111 0 $12,209
Madagascar 1,993 155 2,148 -1.6% $279 $410 $28 $41 162 13 $13,482
Senegal 146 11 157 -1.6% $20 $30 82 $3 12 1 $1,698
Uganda 2,631 0 2,631 2.5% $514 $755 $51 $75 321 0 $33,035
Angola 400 90 490 -1.6% $64 $94 $6 $9 33 7 $6,560
Cameroon 662 165 827 -1.6% $107 $158 $11 $16 54 13 $7,838
India 10,557 4,743 15,300 -2.5% $2,987 $4,391 $299 $439 1,289 579 $198,886
Indonesia 16,950 22,650 39,600 -1.6% $5,145 $7,563 $514 $756 1,378 1,841 $370,194
Kenya 102 164 266 -1.6% 835 $51 83 85 8 13 $1,472
Morocco 82 164 246 1.2% $24 $36 82 $4 5 10 $1,290
Nigeria 1,048 0 1,048 -1.6% $136 $200 $14 $20 85 0 $15,104
Tanzania 4,272 597 4,869 -1.6% $633 $930 $63 $93 347 49 $44,992
Brazil 17,369 9,425 26,794 -1.6% $3,481 $5,117 $348 $512 1,412 766 $§712,726
China 42,870 10,550 53,420 1% $4,468 $6,568 $447 $657 2,243 552|  $1,269,312
South Africa 2,636 189 2,825 -1.6% $367 $540 $37 $54 214 15 $74,643
Australia 3,320 4,980 8,300 0% S0 80 S0 $0 0 0 $0
France 2,795 690 3,485 -0.8% $238 $350 $24 $35 120 30 $229,070
Germany 114 703 817 -0.8% $56 $82 86 $8 5 30 $15,654
USA 42,200 2,400 44,600 0% 80 $0 S0 $0 0 0 S0
World 1,128,090 84,910, 1,213,000 -1.6%| $157,592| $231,656 $15759| $23,166 91,699 6,902 $56,560,742
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Sources: Davidson et al. (2018); Angola - Finlayson and Spiers (1999); Ethiopia - Desta (2003); DCR, Cameroon, Kenya, Nigeria, Tanzania, Senegal, Madagascar,
Morocco, Brazil - Ramsar (2021); Uganda - Government of Uganda (2016); South Africa - van Deventer et al. (2020) India - Bassi et al. (2014) and Prasher (2018);
Indonesia - Margono et al. (2014) and Sulaiman et al. (2019); China - Meng et al. (2017); Australia - Australian Government, Department of Agriculture, Water and the
Environment (2013); USA - U.S. Fish and Wildlife Service (2011); and France, Germany and World - Ramsar Convention on Wetlands (2018)

A The respective inland and coastal wetlands area of Senegal and Madagascar are based on Davidson et al. (2018), where they estimate that globally, inland is 92.8
per cent and coastal is 7.2 per cent of total continental wetlands.

B In total wetlands area, Ramsar Sites are used for some countries due to lack of data for the individual countries.
¢ The global average loss per year is 1.6 per cent. This estimate was used in countries where country-level data are not available.

Notes: In the case of Australia and the USA, no additional costs are involved as current programmes meet the target.
Costs are based on CBD (2013).
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Table 13: Costs and benefits of meeting the protected areas targets by 2030, USS million

Country Terrestrial Marine  Cost of Terrestrial Cost of Marine Cost of Both Annual Cost of Benefits of Protected Areas
Target by Target Target 2021-2030 Target 2021- Targets 2021- Both Targets (2021-2030)
2030 by 2030 (SMn) 2030 ($Mn) 2030 (SMn) 2021-2030
(000 ha) (000 ha) (I ACED)
Low High Low High Low High Low High Terrestrial Marine | PV of Gain
($/ha) ($/ha) | ($Mn)
DRC 7,431 129| $20,841 $88,296 84 $6| $20,844 $88,302| $2,084 $8,830 $12,743| $228,155 $124,237
Ethiopia 1,067 0| $2993 $12,681 S0 80| $2993 $12,681 $299 $1,268 $9,282| $166,185 $9,907
Madagascar 5,656 10,961 | $15,861 $67,200| $298| $529| $16,159 867,729 $1,616 $6,773 $7,656| $137,083| $1,545,858
Senegal 0 1,291 $0 $0 $35 $62 $35 $62 $4 $6 $10,268| $183,836 $237,364
Uganda 229 0 $641 $2,716 $0 $0 $641 $2,716 $64 $§272 $8,748| $156,633 $1,999
Angola 12,590 0| $35307| $149,587 S0 $0| $35307| $149,587| $3,531| $14,959 $10,080| $180,473 $126,904
Cameroon 2,840 0| §7,965 $33,744 $0 $0| $7,965 $33,744 $796 $3,374 $9,972| $178,536 $28,320
India 29,020 22,460| $81,384| $344,805| $611| $1,085| $81,996| $345889| $8,200| $34,589 $7,875| $135176| $3,264,597
Indonesia 9,209 41,279| $25825| $109,413| $1,123| $1,994| $26,948| $111,407| $2,695| $11,141 $8,799| $151,027| $6,315236
Kenya 2,687 1,039 $7,537|  $31,931 $28 $50| $7,565|  $31,981 $756|  $3,198 $10,108| $180,969 $215,113
Morocco 5,185 2,571 $14,540 $61,602 §70| $124| $14,610 $61,726| $1,461 $6,173 $9,805| $184,419 $524,945
Nigeria 2,807 1,825 $7,872 $33,351 $50 888 | $7,921 $33,439 $§792 $3,344 $10,461| $187,303 $371,197
Tanzania 0 1,697 80 $0 $46 $82 $46 $82 $5 88 $10,189| $182,429 $309,591
Brazil 0 0 $0 $0 $0 $0 $0 $0 $0 $0 $13,310| $256,648 $0
China 12,919 3070, $36,230| $153,498| $108| $192| $36,338| $153,690| $3,634| $15369 $14,203| $273,864| $1,270,783
South Africa 10,248 0| $28740| $121,764 80 $0| $28,740| $121,764| $2,874| $12,176 $11,584| $207,405 $118,716
Australia 0 0 S0 80 80 80 80 80 80 S0 $24,096 | $464,623 $0
France 0 0 $0 $0 80 80 80 S0 80 S0 $18,551| $357,711 S0
Germany 0 0 $0 $0 80 S0 $0 $0 $0 S0 $18,860| $363,660 $0
USA 49,445 0| $138,664| $587,484 $0 $0| $138,664| $587,484| $13,866| $58,748 $24,453| $450,455| $1,209,083
World 218,177 326,667 | $611,859 $2,592,287 | $8,889 | $15,776 | $620,748 | $2,608,063  $62,075 $260,806 $17,785  $289,150 $98,335,956




Sources: CBD (2013), Hussain et al. (2011), UNEP-WCMC and IUCN (2016), and UNEP-WCMC (2021)

Notes: The world figure for marine areas only covers the selected countries. Targets are estimated from the Aichi targets as explained in the text. Marine costs are based

on CBD (2013). Other costs are from Hussain et al. (2011). Terrestrial target or marine target that is “0” means that the relevant Aichi target has been met by the county.
Furthermore, Australia and Brazil have expanded their protected area networks since 2016.
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Net gains in natural capital by sector and country

The results for the different SDGs by sector and country are summarized in Tables 14-15.
Table 14 gives the net benefits for each SDG by country based on average costs and
average gains in natural capital. Table 15 gives the ratios of benefit to cost under the
same assumptions.

Table 14: Net benefits of meeting the selected SDG targets, (US Sbillion)

Country Ag Air Water & Climate Material Terrestrial Net

land pollution® sanitation Change® Efficiency Ecosystem Benefits

reme- & All of All

diation? Protected gglgcted

Areas® Targets
($Bn)

DRC $84.09 $17.78 $94.43 $1.74 $0.14 $216.66 $414.84
Ethiopia §728.13 $65.65| $294.50 $3.03 $0.24 $16.82| $1,108.37
Madagascar| $221.57 $20.25 $49.88 $0.48 $0.04 $1,525.07| $1,817.29
Senegal $295.68 $9.21 $55.96 $0.67 $0.05 $240.68 $602.25
Uganda $307.06 $27.77 $84.15 $1.36 $0.11 $34.40 $454.85
Angola - N.A. N.A. $5.06 $0.40 $62.25 $67.71
Cameroon $420.06 $42.40 $94.42 $1.40 $0.11 $25.49 $583.88
India $1,130.19| $8,521.65| $6,674.05| $240.90 $12.34| $3,286.96| $19,866.10
Indonesia - $1,852.07| $1,071.15| $42.17 $4.49 $6,624.17|  $9,594.04
Kenya $206.63 $6.74| $139.72 $3.13 $0.25 $206.49 $562.96
Morocco - $56.03 $§72.40 $4.96 $0.12 $495.25 $628.77
Nigeria $822.99| $598.90| $2,650.85| $24.02 $1.91 $389.90| $4,488.57
Tanzania $71.26 $49.34| $162.76 $2.25 $0.18 $363.67 $649.46
Brazil $102.71| $1,372.07| $1,189.67| $34.46 $3.22 $853.92|  $3,556.04
China -1 $26,576.69 | $3,327.63| $824.91 $41.72| $2,458.55| $33,229.50
South Africa| $181.19 $337.91 $464.23| $15.52 $0.65 $131.95| $1,131.45
Australia - $56.76 $10.73 $17.21 $1.89 $57.42 $144.02
France - $1,370.02 $6.22| $31.08 $0.81 $228.83| $1,636.97
Germany -[ $3,025.44 §51.34| $43.22 $1.13 $15.60| $3,136.74
USA - $7,67329| $266.12| $277.40 $10.18 $914.60| $9,141.60
World $571.19 | $84,715.65 | $65,602.90 | $2,211.93 |  $128.53 | $154,198.46 | $307,428.66

Note: “N.A.” means data are not available.
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A Agricultural land remediation is based on estimates of remaining pledge under the Bonn Challenge.
Countries with “no data” did not commit to the Bonn Challenge, except for USA that already met their
pledge.

B In calculating the cost, the average of the “With 1.5°C Climate Target” and “With No Additional Climate
Investment” was taken.

¢ Estimates are for the 2°C target.

P Refers to reducing the rate of deforestation and loss of wetlands by half and increasing protected
areas. Deforestation is based on FAO data.

Globally, the greatest net gains come from meeting the targets for terrestrial ecosystems
and all protected areas (including marine ones). They make up half of all net benefits.
The next largest gains are for improvement in air quality, where the gains in natural
capital net of costs are around 28 per cent of the total, followed by water and sanitation,
which accounts for 21 per cent. Surprisingly, the gain in natural capital for land is smaller
compared to these sectors and makes up only 0.2 per cent of the total, although its
share is much higher for selected countries. The net gains from material efficiency and
climate change are small but they are still positive. It is also important to note that the
range of net gains from addressing these two areas of natural capital loss could be much
higher. The estimation has taken an average damage avoided; if it is at the upper end,
for example, as it could be, then the net benefits will be much larger. Action on climate
change and materials is partly to avoid the risk of such losses.

As mentioned, the global picture is not repeated for all the 20 countries, which is further
illustrated in Figure 1. Deviations from the global shares of net gains are the following:

= Cameroon has the greatest gain in natural capital through agricultural land
remediation (72 per cent of total), followed by safer water and sanitation (16 per cent).

» Ethiopia, Senegal, Uganda and Kenya also have natural capital gains from remediating
land as the top item. Conservation of terrestrial ecosystems and all protected areas
(including marine) and water quality improvements provide the next two important
net gains.

= Nigeria and South Africa differ from the rest of Africa in having other areas at the top
of the list. In Nigeria, the greatest gain in natural capital is from water quality (59 per
cent), followed by land remediation (18 per cent) and air quality (13 per cent). In South
Africa, improvements in water quality and air quality are first and second (41 per cent
and 30 per cent, respectively), followed by land remediation (16 per cent).

* In the large countries of Asia, the dominant gains in natural capital come from air
quality and conservation of terrestrial ecosystems and of protected areas (including
marine).

* Inthe developed countries, the areas of gain are similar to India and China: air quality
is top or second, followed by conservation of terrestrial ecosystems and protected
areas (terrestrial and marine).
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Figure 1: Shares of net benefits (per cent) for meeting natural capital-related SDG
targets with respect to total net benefits in selected countries by 2030
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Benefit-cost ratios (BCRs) by sector

Another indicator of where the greatest gains in natural capital can be made is the ratio
of the increase in capital to the expenditures required to achieve it (Table 15).
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Table 15. Benefit-cost ratios (BCRs) for selected SDG targets

Ag land Air Water & Climate Material Deforesta- Wetland® Protected | All Targets
remedia-  pollution® |sanitation® Change® Efficiency |tiont Area®
tion”
DRC 83.9 2.2 4.5 1.9 1.2 1.7 77.8 2.8 4.6
Ethiopia 112.0 4.3 10.9 1.9 1.2 1.2 68.2 1.6 16.2
Madagascar 114.5 7.7 6.5 1.9 1.2 1.0 48.1 454 35.9
Senegal 449.4 2.2 171 1.9 1.2 1.5 80.5 5,902.9 38.0
Uganda 228.4 6.8 6.8 1.9 1.2 1.2 64.1 1.5 16.1
Angola - N.A. N.A. 1.9 1.2 1.4 101.8 1.7 1.5
Cameroon 35.8 10.1 20.0 1.9 1.2 1.4 72.4 1.7 11.3
India 39.7 938.7 29.5 1.9 1.2 - 66.5 18.8 26.8
Indonesia - 8.1 34.0 1.9 1.2 - 71.8 112.6 23.8
Kenya 13.7 1.1 11.1 1.9 1.2 1.1 41.7 134 5.0
Morocco - 9.2 24.3 1.9 1.2 - 51.2 17.0 14.4
Nigeria 75.7 17.5 46.6 1.9 1.2 2.1 110.2 22.1 26.4
Tanzania 9.2 5.6 9.5 1.9 1.2 1.3 70.9 5,881.3 10.1
Brazil 35.1 60.2 86.8 1.9 1.2 1.9 204.4 - 15.0
China - 98.3 44.0 1.9 1.2 - 283.6 16.5 22.7
South Africa 17.2 31.9 78.3 1.9 1.2 - 202.7 1.9 11.3
Australia - - - 1.9 1.2 3.8 - - 4.0
France - 113.5 - 1.9 1.2 - 956.8 - 334
Germany - 187.0 - 1.9 1.2 - 276.4 - 46.3
USA - 1,333.2 - 1.9 1.2 - - 4.1 15.0
World 4.6 63.9 68.0 1.9 1.2 3.4 358.3 75.1 43.2
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Agricultural land remediation is based on estimates of remaining pledge under the Bonn Challenge. Countries with no data mean they did not commit to the
Bonn Challenge, except USA that already met their pledge.

B “N.A” means data are not available. “-” means the country already met the air pollution target.
¢ “"means the country already met the water and sanitation target.
b Estimates are for the 2°C target.

Refers to reducing the rate of deforestation by half. “-” means the country does not have investment costs to address the SDG target because they have
positive annual rates of change in their forest areas.

Refers to reducing the rate of loss of wetland by half. In the case of Australia and the US, “-" means no additional costs are involved as current programmes
meet the target.

Refers to increasing protected areas.

“«n

means the country already met the target.
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Benefit-cost ratio (BCR) results show the following:

» Globally, the benefit-to-cost ratio is highest for wetland restoration, followed by
protected areas, water quality, air quality, and agricultural land remediation.

» Ratios are less than 2 for materials efficiency and climate change. The data for
the values of reduction in emissions and material use (benefits) are only available
globally. When calculating the BCR, the global benefits are divided by the global costs.
This result applies to all countries, explaining why their BCRs do not differ

= The ratios vary a little across countries but not much. The following variations are
worth noting:

In the case of protected areas, the BCRs are very high when the area
being protected is largely or exclusively marine. Such areas have a
high gain in natural capital but modest costs of protection. Data on
costs, however, need to be confirmed. This is the case for Senegal
and Tanzania in Africa.

+ Agricultural land remediation has BCRs of over 35 in African coun-
tries. The exceptions are Kenya, Tanzania and South Africa.

+ Air quality has relatively low BCRs in developing countries compared
to the large emerging economies of China and India and developed
countries.

« The top three BCRs for water quality are in Brazil, South Africa and
Nigeria.
The BCRs for reduced deforestation are in the range of 1-2 for most
countries in the sample.

Wetland conservation BCRs are more than 100 in Angola, Nigeria,
Brazil, China, South Africa, France and Germany

Additions of natural capital achieved relative to
stock

The gains in natural capital for some categories reported here can be compared to
estimates of the stock of that capital (Table 16). The World Bank has recently completed
an update of trends in capital that covers some components of natural capital (World
Bank, 2021b). It includes, as separate forms of natural capital, the following renewable
resources: forests, mangroves, fisheries, protected areas, cropland and pastureland. In
addition, it also covers a number of sub-soil assets, namely: oil, gas, coal and metals and
minerals. It does not value assets such as clear air or water, so a number of important
items in our assessment are not tracked in these accounts. The report will be made
public in November 2021.

Meeting the SDGs will increase the value of natural capital associated with natural
resources by very significant amounts, especially in developing countries. For the
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developed countries, the increases are modest: from a low of 4 per cent in Germany to
a high of 42 per cent in France. In Africa, the smallest increase is in South Africa, with a
gain for 180 per cent to a high of 2,706 per cent in Madagascar. In Asia, the gains are 36
per cent in China, 150 per cent in India and 621 per cent in Indonesia. Globally, the total

natural capital gains of $157 trillion amounts to a 442 per cent increase.?

Table 16: Gains in natural capital as per cent of stock

Country Natural Capital Gains ($ Bn) Stock of | Increase
Capital, as % of

Crop and Wetlands | Protected 2018 Stock

Pasture Areas ($Bn)

Land*
DRC $85 $42 $121 $124 $372 $283 132%
Ethiopia $§735 $7 $12 $10 $764 $196 390%
Madagascar $224 $3 $13 $1,546 $1,786 $66 2706%
Senegal $296 $5 $2 $237 $540 $39 1386%
Uganda $308 §7 $33 $2 $350 $59 594%
Angola - $13 §7 $127 $147 N.A. N.A.
Cameroon 8432 $22 $8 $28 $491 $142 346%
India $1,159 $0 $199 $3,265 $4,623 $3,074 150%
Indonesia - $0 $370 $6,315 $6,685 $1,077 621%
Kenya $223 $49 81 $§215 $489 $186 263%
Morocco - $0 81 $§525 $526 $156 337%
Nigeria $834 $40 $15 $371 $1,260 $260 485%
Tanzania $80 $39 $45 $310 $473 $176 269%
Brazil $106 $304 $713 $0 $1,122 $2,558 44%
China - $0 $1,269 $1,271 $2,540 $§7,074 36%
South Africa $192 $0 $§75 $119 $386 $214 180%
Australia - $78 S0 $0 $78 $804 10%
France - $0 $229 S0 $229 $543 42%
Germany - 80 $16 S0 $16 $433 4%
USA - S0 S0 $1,209 $1,209 $4,185 29%
World $729 $1,096  $56,561  $98,336 $156,721 $35,448 442%
* This is based on estimates of remaining pledge under the Bonn Challenge. Countries with “-" mean

they did not commit to the Bonn Challenge. In the case of US, they have already met their pledge.
Note: “N.A." means data are not available.

20

data set for doing that is not available.
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This report has brought together an analysis of the costs of meeting certain key natural
capital-related SDGs in selected countries and the gains in natural capital that meeting
them will generate. The top four sectors with the highest costs, globally, are associated
with meeting the respective SDG targets for climate change, air quality, protected areas
and water quality (in that order). However, the BCR results show that benefits outweigh
the costs. Globally, the results show a large gain from the perspective of renewable
natural capital from undertaking actions to meet SDGs in the areas of air and water
quality, forests and wetlands, and in terrestrial and marine protected areas.

In terms of results regionally and country-wise, agricultural remediation has very high
benefits relative to costs in most sub-Saharan African countries. The exceptions are
Kenya, Tanzania and South Africa. The gains from air quality improvement are greatest
in the large emerging economies of India, China and Brazil, followed by the developed
countries. The highest gains for water quality improvement are in Brazil, South Africa and
Nigeria. Reduced deforestation generally has a modest benefit to cost ratio of around 2,
while wetland conservation has a higher ratio widely, with it going above 100 in Angola,
Nigeria, Brazil, China, South Africa, France and Germany.

The gains for climate change and material efficiency are more moderate, based on
average values of gains. However, there is an issue of uncertainty: with climate change,
the gains could be much greater if we avoid huge climate-related losses; and with
materials, the damages from extraction and disposal maybe much higher than the
figures we have taken. Thus, the estimated benefit to cost ratios may be underestimated
for these two in particular.

The gains of natural capital as per cent of stock are especially large across sub-Saharan
Africa, but also in some other parts of the developing world. They are more modest
in developed countries and emerging economies. Gains in natural capital from actions
towards climate change and materials efficiency, while also positive and greater than the
estimated cost, are lower than for targets related to the SDGs mentioned above. Finally,
gains from meeting remediation targets for degraded land make up a small part of the
gain in overall natural capital globally but play a much larger role for many sub-Saharan
Africa countries.

Further work is needed to make the estimates more accurate and extend the coverage:
at present many marine targets related to the SDGs are not covered. The improvement
in the estimation applies both on the cost side and on the natural capital side, but is
especially the case for the cost data. Work that is ongoing to improve the information
database will be of great value. There is currently an initiative by WRI in collaboration
with FAO to create such a database. Once available it would certainly make further work
in this area easier. The idea is that individual countries can apply the methods developed
here to improve estimates of the costs and benefits of the SDGs and of the gains in
natural capital with more accurate data. This will help them in prioritizing sectors for
action and, within sectors, locations where the greatest gains can be made.
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Appendix 1: Estimated agricultural areas to be remediated in 20 selected countries
by 2030 (thousand hectares)

Country Remaining area to be  Share of Degraded agricultural area
remediated by 2030*  agricultural to be remediated by 2030

Under Under Bonn land= Under Under Bonn

Proportional Challenge Proportional | Challenge

Rule Rule
DRC 17,510 8,000 20% 3,502 1,600
Ethiopia 3,859 15,000 69% 2,662 10,350
Madagascar 2,130 4,000 77% 1,640 3,080
Senegal 451 2,000 52% 234 1,040
Uganda 487 2,448 87% 424 2,129
Angola 10,764 - 46% 4,952 -
Cameroon 308 10,400 32% 98 3,328
India -2,108 11,189 72% -1,518 8,056
Indonesia 13,376 - 41% 5,484 -
Kenya 1,365 5,100 88% 1,201 4,488
Morocco 876 - 84% 736 -
Nigeria 1,189 4,000 76% 903 3,040
Tanzania 5,021 5,200 46% 2,310 2,392
Brazil 15,037 2,575 32% 4,812 824
China 28,518 - 72% 20,533 -
South Africa 4,570 3,600 85% 3,885 3,060
Australia 25,925 - 75% 19,444 -
France 607 - 63% 382 -
Germany 422 - 59% 249 -
USA 8,832 -1,959 57% 5,034 -1,117
World 307,157 165,533 54% 165,865 89,388

Source: FAOSTAT Land Use (http:/www.fao.org/faostat/en/?#data/RL)

*  From Table 3

** Agricultural land as percentage of total agricultural land and forest land by country
Note: “-" means the country has no commitment under Bonn Challenge.
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Appc)andix 2: Additional costs of meeting air quality standards by 2030 (US$ million/
year

Country % Population Population Population Cost to Meet Air Quality
>WHO Std.  (Million) > WHO Std. Target (SMn/Year)

ULEDEEE ith 1.5°C With No
Climate Target | Additional
Climate
Investment

DRC 100 77 77 $709 $846
Ethiopia 100 99 99 $912 $1,088
Senegal 100 15 15 $139 $165
Uganda 100 39 39 $358 $427
Madagascar 99 24 24 $220 $262
Angola 100 25 25 $229 $274
Cameroon 100 23 23 $214 $§255
Kenya 99 46 46 $419 $500
India 100 1,311 1,311 $12,027 $14,354
Indonesia 89 258 229 $2,103 $2,510
Morocco 34.4 100 34 $316 8377
Nigeria 100 182 182 $1,671 $1,995
Tanzania 100 54 54 $491 $586
Brazil 56 208 116 $1,067 $1,274
China 100 1,371 1,371 $12,578 $15,012
South Africa 100 55 55 $505 $602
Australia 0 24 0 S0 S0
France 92 67 61 $561 $670
Germany 100 82 82 §749 $894
USA 9 321 29 $265 $317
World 92 7,347 6,759 $62,000 $74,000

Sources: McCollum et al. (2018) and World Bank (2017)

*  This number is the product of “% Population > WHO Std.” and “Population”.
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Appendix 3: Additional costs of meeting the safe water and sanitation targets by 2030 (USS$ million/year)

Country Unimproved* Population (000)®  To Connect By Annual Cost For Safe = Annual Cost For Safe = Additional Finance to
2030 (000) Sanitation® ($Mn/Yr) Water® (SMn/Yr) Attain Safe Water &
Sanitation (SMn/Yr)
Sanitation % Water % 2015 2030 Sanitation Water Mean |Low High Mean |Low High Mean Low High

DRC 71 48|  75413| 107,350 85481 68,135 $794| $507| $1,243| $709| $555| $860| $1,143| $1,071| $1,296
Ethiopia 72 43| 92,596| 123,971 98,044 71,191 $910| $582| $1,426| $814| $636| $987| $1,311| $1,229| $1,487
Madagascar 88 48| 23,728 33,270 30,423| 20932 $283| $181 $442| $252| $197| $306 $407| $381| $461
Senegal 52 21 14,043 18,791 12,050 7,697  $112 $71 $175|  $100 §78| $121 $161| $151| $183
Uganda 81 21 39,119 59,961 52,528 | 29,057| $488| $312 $764| $436| $341| $529 $§702| $658| $797
Angola 48 51 22,013 31,855 20,409 21,069 $190| $121 $297| 8169 $132| $205 $273| $256| $309
Cameroon 54 24| 21,659 27,315 17,352 10,854, $161| $103 $252| $144| $113| 8175 $232| $217| $263
India 60 6| 1,307,933 | 1,528,595| 1,005422| 299,138| $9,336| $5965| $14,620| $8,343| $6,524|810,119| $13,442| $12,599 | §15,247
Indonesia 39 13| 251,396 277,364| 124,012 58,649| $1,152| $736| $1,803| $1,029 $805| $1,248| $1,658| $1,554| $1,881
Kenya 70 37 45,566 60,593 46,923 31,886 $436| $278 8682 $389 §304| $472 $627| $588| $712
Morocco 23 15 33,955 36,367 10,222 7,505 $95 $61 $149 $85 $66| $103 $137| $128| $155
Nigeria 71 31| 178,837 | 252,724| 200,861 129,327 | $1,865| $1,192| $2,921| $1,667| $1,303| $2,021| $2,686| $2,517| $3,046
Tanzania 84 44 51,352 73,026 64,810 | 44,269 8602 $385 8942 $538 $421 $652 $867| $812| $983
Brazil 17 2| 203,150| 222819 54,204 | 23,732 8503 | $322 §788|  $450 8352 8546 §725| $679| $822
China 24 5| 1,363,420 | 1,380,651 344,452 | 85402 $3,799| $2,044| $5009| $2,858| $2,235| $3,467| $4,605| $4,316| $5223
South Africa 34 7 52,494 58,585 23,940 9,766 §222| $142 8348 | $199 8155|  $241 $320| $300| $363
Australia 0 0 24,140 29,562 0 0 80 S0 80 80 80 80 80 $0 $0
France 0 0 64,696 70,324 0 0 80 S0 S0 S0 80 80 80 80 $0
Germany 0 0 82,124 81,357 0 0 80 S0 S0 S0 S0 S0 S0 S0 S0
USA 0 0| 322835| 361,029 0 0 $0 $0 $0 $0 $0 $0 $0 $0 $0
World 32 96,019,353 | 6,950,479 | 3,269,737 | 1,584,743 $30,363 |$19,400 | $47,546 $27,134| $21,216 $32,907 | $60,003 | $48,157 | $76,728

Sources: AUNICEF and WHO (2015); ERiahi et al. (2017); °Cost estimates are derived from Hutton and Varughese (2016).
Note: Global population figures exclude countries where no improvements are required.
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