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Valuing the Great Green Wall economic benefits
with the Inclusive Wealth Index approach

Thierry Yerema Coulibaly'? & Shunsuke Managi"2®

Eleven nations launched the Great Green Wall (GGW) initiative to restore 100 million
hectares of degraded land in the Sahel by 2030 and combat worsening desertification.
However, investment in the initiative has stagnated, and public funding may be necessary. A
key barrier to mobilizing such support is the difficulty in comparing the economic benefits of
investing in nature against the trade-offs it may pose for other sectors of the economy. This
study applies the Inclusive Wealth Index (IW1) framework to assess the net economic value
of the GGW. The IWI| measures long-term national productivity by accounting for changes in
human capital (HC), produced capital (PC), and natural capital (NC). We compare the
growth of these assets and overall IWI between GGW and non-GGW countries. Findings
show that in 2019, natural capital comprised 19% of Africa’s wealth, down from 31% in 1992.
While NC declined in 16 of 40 African countries over this period, HC and PC expanded in all.
Between 1990 and 2019, NC grew by 0.1% annually in GGW countries, compared to a
—0.06% decline among non-GGW participants. Despite this, IWI growth in GGW countries
was 1.3%, substantially lower than the 3.11% observed in other nations. Projections based on
historical growth suggest NC could grow by 3.1% if GGW goals are fully met, or by 1.8% if
only partially achieved, both significantly higher than business-as-usual trends elsewhere.
However, increased investment in NC may reduce growth in HC, PC, and overall IWI for
GGW countries. These results underscore that NC investments under the GGW may slow
future economic growth unless external funding offsets opportunity costs. There is a need for
external funding to balance ecological restoration with sustained economic development.
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Introduction

he Sahel is a region with a hot and semi-arid climate

stretching across the southernmost of North Africa.

Globally, it is one of the areas hardest hit by land degra-
dation and desertification owing to climate change and poverty
(Nkonya et al., 2016). Research suggests that the Sahara Desert
expanded over the Sahel by 8% from 1950 to 2015 while dis-
placing and eradicating diverse ecosystems (Liu and Xue, 2020).
This expansion has had profound implications for the 135 million
Sahelians, who heavily rely on rain-fed agriculture and are con-
fronted with significant economic limitations to adapt to this
evolving climatic circumstance (Barbier and Hochard, 2018;
Coulibaly et al., 2020; O’Connor and Ford, 2014).

In response, a consortium of nations comprising Burkina Faso,
Chad, Dijibouti, Eritrea, Ethiopia, Mali, Mauritania, Niger,
Nigeria, Senegal, and Sudan joined forces to strengthen invest-
ment in nature. They conceived the Great Green Wall (GGW)
initiative, which is an African-originated program aimed at
stopping the environmental, climatic, and developmental chal-
lenges of desertification and environmental degradation (Mbow,
2017). Since its active implementation in 2007, the GGW con-
sisted of a holistic approach to ecosystem management envi-
sioning the establishment of a barrier of trees across Sahelian
nations (O’Connor and Ford, 2014). The initiative’s main goal is
to restore 1 million km? of degraded land in the Sahel, sequester
250 million tons of carbon, and create 10 million jobs in rural
areas by the year 2030. However, the holistic economic benefits of
investment in nature under the GGW remain difficult to appraise
(Johnson et al., 2023).

This study adopts the Inclusive Wealth Index (IWI) frame-
work to assess the net benefit of a successful GGW initiative for
the overall wealth of these nations. Developed by the United
Nations Environment Programme (UNEP), the IWI framework
provides a comprehensive accounting system for evaluating
nations’ productive bases across three forms of capital: pro-
duced capital (PC), natural capital (NC), and human capital
(HC) (Managi and Kumar, 2018). An assessment of variations
of this productive base indicates the sustainability of the
development of countries and highlights the relevance of
investment choice. Therefore, this framework is fit to assess the
benefits of investing in nature as it economically values it. It can
be used to illuminate the worth of current investment and the
tradeoff between investment under the GGW against invest-
ment in other forms of capital (Aly and Managi, 2018; Cheng
et al,, 2022; Zhang et al.,, 2024).

Particularly, progress for the GGW goals has been slow. As
illustrated in Table 1, only 2.31% of the GGW goal concerning

land degradation has been achieved as of 2019. The main reason
for the slow progress under the GGW initiative may be financial
since countries involved in the GGW initiative, henceforth
referred to as GGW nations need to prioritize the most valuable
investment. Previous studies argue that USD 33 billion (UNCCD,
2022) or USD 44 billion (Mirzabaev et al., 2022) are required for
the initiative. As of 2021, the international community had
pledged to disburse 19 billion USD for the program through the
GGW Accelerator program (Macia et al, 2023). Hence, an
important share of the program needs to be funded by the gov-
ernments of the GGW nations. However, their budget is highly
limited. For instance, the total fiscal budget for Nigeria, which is
the most developed Sahel country, was USD 19 billion total in
2020. Thus, although research shows that African countries may
benefit between 1.1 and 4.4 USD for every USD invested in land
restoration under the GGW (Mirzabaev et al,, 2022), they may
not move policymakers for one important reason. Governments
may not invest in environmental projects if their profitability is
lower than other sectors of the economy (Bilal et al, 2019).
African economies are geared around income maximization,
whereas benefits from investment in nature can mostly be
appreciated in the long run (Tenaw and Beyene, 2021; Turner
et al,, 2021). In this context, there is a lack of study assessing this
optimization issue faced by governments which can be filled by
an analysis with the IWI framework (“Get Africa’s Great Green
Wall back on track,” 2020).

Our analysis addresses this gap with an approach in two parts.
First, we evaluate the historical performance of GGW nations
compared to other African nations between 1992 and 2019 by
measuring IWI in a sample of 40 countries. NC is estimated based
on historical remote sensing data of land cover and ecosystem
therein (Coulibaly and Managi, 2023; Zhang et al., 2021). We
relied on Mirzabaev et al. (2022) study to value ecosystems in
wetlands, grasslands, shrublands, woodlands, forests, and crop-
land concerning NC. HC was estimated by valuing the labor force
based on their education level and current income, while PC was
valued as the discounted worth of current infrastructure. Com-
parisons across countries are based on the average difference as
well as a Synthetic Control Method (SCM).

Second, the analysis estimates the trajectory of growth in NC
and IWI under two main scenarios and multiple complementary
scenarios. The first scenario envisions nations reaching their goals
of land restoration under the GGW initiative, while the second
assumes they achieve half by 2030, the deadline of the initiative.
Both scenarios account for the tradeoffs that investment in NC
will have on PC and HC by accounting for the return on

Table 1 Achievement under the GGW in 2019.

Country Area restored as of The restoration goal by The success rate as of Public fund (millions  External finance
2019 (km?) 2030 (km?) 2019 UsD) (millions USD)

Ethiopia 20,060 132,000 15.2% 0.4 1.6

Senegal 1190 8000 14.9% 18.3 -

Eritrea 5010 124,000 4.0% - -

Sudan 880 23,000 3.8% 0 19.7

Niger 8090 473,000 1.7% 7.8 70

Burkina Faso 530 133,000 0.4% 1.4 31

Chad 160 30,000 0.5% 4.8 0.7

Mali 60 444,000 0.0% 33 235

Nigeria 30 174,000 0.0% 0.4 1.6

Djibouti 1.3 3400 0.0% 4.8 0.7

Mauritania 35 16,500 0.2% 9.2 1.4

Total 36,046 1,560,900 2.31% 50 150

Source: (UNCCD, 2020).

| (2025)12:935 | https://doi.org/10.1057/s41599-025-05221-z




ARTICLE

investment on these three types of capital. One set com-
plementary scenario depicts IWI and NC outcomes in inter-
mediary success rates of the initiative. Another set of sensitivity
analyses projects growth in IWI and NC with varying mixes of
tradeoffs concerning the funds that will be redirected from HC
and PC.

The analyses reveal that investment in NC will enable sus-
tainable development for all but two of the GGW nations and
positive growth in their three types of capital, under a successful
GGW initiative. This pattern contrasts with other nations, which
will experience a decrease in NC but an increase in other types of
capital and IWL However, an emphasis on investment in NC
under the GGW will slow down the IWT rate of growth for GGW
countries. Therefore, financial assistance for the initiative will be
paramount to ensure future economic growth in the GGW
nations is not hampered.

The study provides two added values to the literature. First, like
in previous studies (Mirzabaev et al., 2022; Turner et al,, 2021),
the study notes a historical reduction of natural land covers and
cropland in GGW nations. However, the IWI approach shows
that despite this decrease, renewable NC increases on average in
these countries over time. It means that there is a conversion of
land cover from a less to a more lucrative ecosystem. Second, the
study shows that although investment under the GGW is prof-
itable for countries, as mentioned in a previous study (Mirzabaev
et al,, 2022), investment in other types of capital is more lucrative.
Therefore, there is an incentive for the government not to pub-
licly fund the program.

The remainder of the paper is structured as follows: The sec-
ond section briefly describes the GGW initiative. The third sec-
tion presents the methodology used to estimate the IWI and to
project the impact of the GGW on IWI The fourth section
portrays the results. Finally, the fifth and sixth sections introduce
the discussion and conclusion of the analysis, respectively.

The GGW initiative

The GGW is an approach to ecosystem management for
establishing a barrier of trees across Sahelian nations
(O’Connor and Ford, 2014). This barrier will be 8000 km-long
line of trees and plants from the Atlantic coast of Senegal to
the east coast of Djibouti to stop desertification and create a
buffer of green land in Africa (Turner et al., 2021). To this end,
the initiative encompasses sustainable dryland management,
habitat restoration, and the revitalization of natural vegetation
and water retention systems (UNCCD, 2020). The project
engages a diverse set of stakeholders, including national gov-
ernments, international organizations, private entities, and
civil society (Sacande et al., 2021). They collaborate under a
Pan-African umbrella through government-determined plans,
executed by local farmers, land users, municipalities, and local
authorities.

The primary quantitative goal of the initiative is to restore 1
million km? of degraded land in the Sahel and sequester 250
million tons of carbon by the year 2030. This goal also entails the
training of stakeholders for roles such as rangers, nature guar-
dians, and producers and vendors of non-timber forest products.
This program plans to create 10 million jobs in rural areas. As of
2019, across these rubrics, governments estimated that actions
taken under the GGW leadership enabled the restoration of
40,000 km? and contributed to the production and/or seeding of 8
billion plants. They are also estimated to have garnered around
USD 90 million, created more than 335,000 jobs, and trained
around 900,000 farmers, land users, municipalities, and local
governments on sustainable land management (SLM) since 2007
(UNCCD, 2020).

Yet, progress under GGW land restoration actions is still low
since achievement rates range between 15% in Ethiopia and
0.1% in Djibouti as of 2019, despite large investment to be
expected from pledges by the international community (see
Table 1). Thus, motivations to internally finance the project is a
factor determining its progress since national GGW funding is
positively correlated with the achievement rate of land
restoration (Pearson correlation = 0.0664 (p <0.01)). However,
governments of GGW nations face budget constraints and their
nations are either lower-middle- or low-income countries, and
investment in improving education, income, or infrastructure is
much needed to improve HC and PC (Dieng, 2021). In this
context, comparing the profitability of investment in NC
against those in HC and PC to show that the GGW does not
dwarf the resources necessary for development may bolster the
incentive to invest in the GGW.

Methodology

The goal of the study is to estimate the net benefits of GGW if
successful under its land restoration practices. The concept of
IWTI is instrumental in illustrating how redirecting investment
from the HC and PC to the NC will affect nations involved in the
initiative in terms of sustainability. The IWI is the sum of natural,
produced, and human capital in monetary terms. In this frame-
work, a nation can be considered sustainable if its IWI is not
decreasing over time and it is unsustainable otherwise. In addi-
tion, a nation whose three forms of capital are not decreasing in
time is classified as following a strong sustainability pattern.
Therefore, the study estimates yearly IWI trends and capital types
from 1992 to 2019 between nations involved in the GGW and
others.

It also compares the growth in IWI and NC across nations
while investigating simple differences in mean, and SCM statis-
tical analyses. SCM is a statistical technique used to estimate the
causal effect of a treatment or intervention on a unit by com-
paring its outcomes to a “synthetic control” group. This control
group is a weighted average of other, untreated units in the data,
designed to mimic the treated unit’s pre-treatment trends. The
estimated impact is then the difference in outcomes between the
treated unit and its synthetic control after the intervention
(Coulibaly et al., 2022; Doudchenko and Imbens, 2016). Details
on the SCM tests are presented in the Appendix Tables
Al and A2.

Then, it projects these trends up to 2030 to derive the impli-
cations of a successful initiative. Owing to data availability, GGW
countries in our sample are limited to Senegal, Mauritania, Mali,
Burkina Faso, Niger, Nigeria, Chad, and Djibouti.

Natural capital

Renewable natural capital. Renewable NC is the sum of the
economic values of services provided to the populations by eco-
systems in each country. The study uses the concept of shadow
price to estimate these values. A shadow price is an estimated
price of a good or service for which no market price exists.
Shadow prices are collected from Mirzabaev et al. (2022). Their
database reports the median economic benefits of the ecosystems
based on the worth of their provisioning, regulating, habitat, and
cultural services. Like this previous study, we focus on forests,
woodlands and shrublands, grasslands, wetlands, and cropland
ecosystems to estimate NC.

Estimates of ecosystem areas are measured by the ESA
(European Space Agency) CCI (Climate Change Initiative) land
cover product. It describes a land cover dataset at a 500 m?2
resolution yearly. Using Coulibaly and Managi (2023) land cover
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Table 2 Correspondence of land cover with ecosystem services.

Land cover Ecosystems
VALUE 10 (Cropland, rainfed) VALUE 20 (Cropland, irrigated or post-flooding) VALUE 30 (Mosaic cropland (>50%)/natural vegetation Cropland
(tree, shrub, herbaceous cover) (<50%))

VALUE 160 (Tree cover, flooded, fresh or brakish water) VALUE 170 (Tree cover, flooded, saline water) VALUE 180 (Shrub or Wetland
herbaceous cover, flooded, fresh/saline/brakish water)

VALUE 50 (Tree cover, broadleaved, evergreen, closed to open (>15%)) VALUE 60 (Tree cover, broadleaved, deciduous, closed to open Forest
(>15%)) VALUE 61 (Tree cover, broadleaved, deciduous, closed (>40%)) VALUE 62 (Tree cover, broadleaved, deciduous, open

(15-40%)) VALUE 70 (Tree cover, needleleaved, evergreen, closed to open (>15%)) VALUE 80 (Tree cover, needleleaved, deciduous,

closed to open (>15%)) VALUE_90 (Tree cover, mixed leaf type (broadleaved and needleleaved))

VALUE 100 (Mosaic tree and shrub (>50%)/herbaceous cover (<50%)) VALUE 110 (Mosaic herbaceous cover (>50%)/tree and shrub  Shrubland
(<50%)) VALUE 120 (Shrubland) VALUE_122 (Deciduous shrubland)

VALUE 150 (Sparse vegetation (tree, shrub, herbaceous cover) (<15%)) VALUE 151 (Sparse tree (<15%)) VALUE 152 (Sparse shrub  Woodland
(<15%)) VALUE 153 (Sparse herbaceous cover (<15%))

VALUE 130 (Grassland) Grassland

types linked to ecosystems to estimate the total areas of each
ecosystem, as described in Table 2.

Using the areas of ecosystems and their respective shadow
prices, the renewable natural capital was estimated as follows:

6
RNC; = > Area,,; x Shadow price, (1

e=1

where RNC;; is the renewable NC of the country i in year j that is
the sum of values of the six types of ecosystems denoted by the
index e. These values are estimated by multiplying Area,,;, the
area of the ecosystem e, and Shadow price, of the economic
benefits of the ecosystem e.

Non-renewable natural capital. The scope of the research for non-
renewable NC is restricted to fossil fuels owing to data unavail-
ability in the mining sector in Africa (UNEP, 2023). Data on non-
renewable NC about natural gas, oil, and coal reserves is collected
from the (UNEP, 2023).

Human capital. HC was estimated as a function of educational
attainment and the cumulative actualized sum of future
employment compensation individuals may expect to earn in
their lifetime. Estimation of the human capital can be presented
as follows:

J; )
HCy = %P Pyys o - / T e %idj )]

where HC;; denotes the human capital of the country i at year j.
The estimation of human capital is composed of three terms
AP Pjy5+, and [47; - e %idj. The term ei® represents the
benefit of education to human capital. The component A is the
average years of formal education, and p represents the average
return of education on future wages, set to 8.5% based on
(Managi and Kumar, 2018; UNU-IHDP and UNEP, 2014).

The term Pj;5_q, stands for the total working population.
The population older than 15 years old and younger than 60
years old is used as a proxy for the working population. Finally,
f{)"r} -e7% is the discounted sum of average income (7;) an
individual may expect to earn in her lifetime (T;). Average
income is multiplied by the discount rate of future earnings,
¢~%, where 8 is the interest rate set at 8.5% following (Managi
and Kumar, 2018).

The effective working lifetime, J;, is the remaining working
time per individual after 15 years of age. Following previous
studies (Coulibaly and Managi, 2023), we set the average

4

retirement age to 60 for all countries and defined J; as follows:
; { 60 — 15 ifaverage life expectancy =60
"7 | average life expectancy — 15if average life expectancy < 60
3)

The estimation described in Eq. (3) is separately applied for age
groups 15-20, 20-30, 30-40, 40-50, and 50-60 and then summed
since populations in these age groups have different remaining
working time. For each range, the median age is postulated to be
the age of the population in that range (Coulibaly and Managi,
2023).

Produced capital. PC is estimated based on a perpetual inventory
method (PIM). PIM suggests that PC in year j is equivalent to the
value of capital in j — 1 plus the new investment on capital and
minus depreciation of capital between j and j — 1. This method
requires the valuation of the initial capital K, of each country.

The initial capital K, in each economy is estimated in a year
where it is posited that the economy is in a steady state, that is,
the capital-output ratio is constant in the long term (Cheng et al.,
2022) as in the following equation:

_ 1y
©6+y

where k is the capital-output ratio, I is investment; y is the output
of the economys; y is the steady-state growth rate of the economy;
d is the depreciation rate of the capital. Consistent with (Managi
and Kumar, 2018), y is estimated as a weighted average growth
rate of the economy under study while § is assumed to be 4%
across countries and time. This steady state refers to a period
where there is an assumed long-term equilibrium of the economy.

For each country, this ratio is then multiplied by the output
(GDP;y) to estimate K, the initial capital. The analysis uses
values in 1970 as initial capital estimates consistent with previous
estimation techniques (Managi and Kumar, 2018). Following the
estimation of the initial capital, PIM can be applied as described
here:

4

. J j
Kij =(1-90K,+ Z:lllj(l - (S)I_t ®)

Finally, regarding the lifetimes of PC assets, we have assumed
an indefinite depreciation period J. All data for this calculation
come from (UNEP, 2023).

Projections. Projections are estimated up to 2030. For GGW
nations, future wealth is estimated based on the land restoration
goals and the achievements by countries, displayed in Table 1.
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Table 3 OLS Human Capital and investment in education
between 1992 and 2019 in GGW nations.

m

Dependent variable Human Capital

log(Public spending on primary school) 0.903*** (0.273)

Constant —16.02*** (5.298)
Observations 173

Country Fixed effects Yes

Period 1992-2019
R-squared 0.497

Standard errors in parentheses.
*++p < 0.01.

Table 4 OLS Produced Capital and investment in education
between 1992 and 2019 in GGW nations.

(Q))

Dependent variable Produced Capital

Gross Capital Formation 9.72e-10*** (0.0001)

Constant —0.130*** (0.0464)
Observations 224
Country Fixed effects Yes
Period 1992-2019
R-squared 0.999
Standard errors in parentheses.
***p<0.01.
400
300
8 IWI in 1992
D 211.4 billion
S 200
(11]
190 5098
431 B
0
1992 1995 2000

Produced capital

Il Non renewable natural capital

The projections assumed that efforts of land restoration occur on
bare land and consist of rehabilitation of ecosystems in wetlands,
grasslands, shrublands, woodland, forest, and cropland, which are
the main land cover targeted in afforestation projects (Liu et al.,
2023; Mirzabaev et al., 2022). Thus, for every year between 2019
and 2030, we assume that countries convert the total area of bare
land to areas of these six types equally as follows:

2020 1
RL.. = | GGW area goal. - RL; | x = 6
icj < 8045030 j:%w z;) 6 (6)

where RL;; is the restored land from bare land areas to the
ecosystem e, made in year j and by country i. RL; is the total area
that country i has restored until the year j, and GGW area
goal;xg30 is the total area that country i set as a goal of restoration.

Following this projection, NC is measured using the net

present value approach:
1 T

RNC,,; = s El RL,,, x Shadow price, (7)
where T is the planning horizon of the users of the ecosystems
which is represented by the subtraction of year 2030 minus year j
(j ranges between 2020 and 2030). p equals 1 + r, where r is the
land user’s discount rate, set at 10 percent. Data on the benefit of
restored ecosystems and the discount rate come from Mirzabaev
et al. (2022).

During this same period, variations of HC, PC, and NC for
countries not involved in the GGW are estimated under a
business-as-usual scenario (BAU). The BAU uses the average
growth rate of the respective capital between 1992 and 2019 to

IWl'in 2019
370.4 billion

474 B

43.1B

2005 2010 2015 2019
Year

Human capital
Renewable natural capital

Fig. 1 Total inclusive wealth between 1992 and 2019. Variation in the composition of Inclusive Wealth across capital types.
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estimate future values. However, the projection considers that
additional funding under the GGW stems from investments that
could have been made in HC and PC in GGW countries. For
simplicity, our analysis assumes that investment in NC under
the GGW will be equally subtracted from HC and PC. We use the
elasticity of public funding on HC and PC to estimate the
opportunity cost that the GGW will cause them after applying
the BAU.

The elasticity between HC and public spending on primary
education is used as a proxy for the marginal rate of return on
investment on HC. This elasticity is estimated with an ordinary least
squares regression (OLS) and WBG data on education and
government spending between 1992 and 2019. OLS results are
presented in Table 3. As for PC, it is assumed that the return on
investment on PC is equivalent to the elasticity between gross capital
formation (GCFC) and PC estimated via an OLS (see Table 4).
Then, the opportunity cost for HC and PC is valued as a sum of
actualized expenses for GGW every year between 2020 and 2030
that are multiplied by the respective capital elasticities as follows:

2030 Cost GGW 1
AHG tzzozofHC( 2 ) . ot ®
2030 Cost GGW, 1
APC, = SO i) o 2 9
i tz%ﬂ)f})c( 2 ) x o )

where AHC; and APC; represent the opportunity costs for HC and
PC in the country i, with A being the variation symbol. fyc () and
frc () are the functions converting investment to HC and PC
estimated via OLS regressions, respectively. Cost GGWj; is the cost

60%

40%

Share in percentages

20%

10 %

necessary for rehabilitation of land covers estimated in Equation (6)
in year t. The costs are composed of establishment costs, and
maintenance costs of the restored ecosystem collected using
scenario S9 of Mirzabaev et al. (2022). This scenario stipulates that
the benefits of ecosystems from investment under the GGW are
noticeable in the establishment years, and ecosystems restored have
a survival rate of 0.6.

Finally, two sets of robustness checks are performed. First, it is
useful to understand the implications of countries not reaching the
full success of the initiative since less than 3% of the overall goal is
achieved as of 2019. Therefore, we investigate scenarios where
countries only achieve fractions of 10s of their pledged goals for
sensitivity analyses. In these robustness checks, the term GGW area
goal; is multiplied by the success rate of their goals before applying
Equation (6) and implications for IWI and NC are estimated.

Second, we examine the sensitivity of our findings to
assumptions regarding the sources of investment for NC
restoration in a self-funded GGW scenario. The baseline assumes
an equal reallocation of investment from HC and PC, as specified
in Equations (8) and (9). Since this is a simplifying assumption,
we explore alternative funding mixes, varying the proportion of
redirected investment from HC and PC between 10% and 90%.
This allows us to test whether our conclusions are robust to
different resource allocation strategies.

Results

Composition of IWI in Africa. Figure 1 presents the evolution of
Africa’s IWI from 1992 to 2019, shown as the cumulative sum of
HC, PC, renewable NC, and non-renewable NC. Figure 2 reports

0%

1992 1995 2000

Produced capital

Human capital == Non renewable natural capital

6 %

2005
Year

2010 2015 2019

Renewable natural capital

Fig. 2 Proportion of IWI from 1992 to 2019. Shifts in the proportion of human, produced, and natural capital in the overall composition of the Inclusive

Wealth Index.
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Average non GGW participants 12% - 7% 3% 396.6
Average GGW participants o [ 9% 5% 262.3
0 100 200 300 400
Billions dollars (2011 constant)
B South Africa | | 3299.9
Egypt ] 1723.7
Nigeria o I 1483.4
Angola [ ] 1266.1
Algeria ] 1261.9
Morocco 735.2
Democratic Republic of the Congo 717.3
Kenya 484.4
Ghana | 374.9
Cameroon | 325.7
Tunisia I 303.8
Mozambique | 282.6
Zambia 246.9
Cote d'lvoire 246.2
Uganda | | 2255
abon [ | 215.2
Chad  ©ow [l 153.2
» Madagascar 145.3
[0} Namibia | 141.6
=) Zimbabwe | 135.3
c Central African Republic 133
a ongo 130.1
o Botswana 1 119.5
Mali 117.2
Guinea 115.2
Senegal  (©ow 98.7
Benin 87.5
Mauritania [ 83.1
Mauritius 74
Burkina Faso 73.3
Niger | 68.3
Somalia 52.6
Rwanda I 465
Malawi 46
Togo 404
Sierra Leone 40.3
Burundi 27.6
Djibouti  cew 213
Lesotho 18.4
Gambia 13.9
Cape Verde 121
0 1000 2000 3000

Produced capital

Il Non renewable natural capital

Billions dollars (2011 constant)

Human capital
Renewable natural capital

Fig. 3 Inclusive wealth per country. The symbol (GGW) indicates countries involved in the Great Green Wall initiative. A Average IWI by group of
countries; B IWI by country. IWI values are presented as the cumulative sum of human, produced, and non-renewable and renewable natural capital types.

the percentage contribution of each capital type to total IWI over
time. During this period, Africa’s IWI increased from USD 211
billion in 1992 to USD 270 billion in 2019. This growth was
primarily driven by a substantial rise in HC, from USD 113 bil-
lion to USD 267 billion, and an increase in PC from USD 4 billion
to USD 12 billion. In contrast, renewable NC remained nearly
stagnant at around USD 43 billion, while non-renewable NC
declined slightly, from USD 50 billion to USD 47 billion. As a
result of the rapid accumulation of HC, the composition of IWI
in 2019 was dominated by HC (71%), followed by renewable NC
(19%), non-renewable NC (6%), and PC (3%). Notably, the share
of renewable NC in total wealth declined significantly from 31%
in 1992 to 19% in 2019.

Country-level discrepancies in IWI. Figure 3 describes IWI and
its composition by capital type in 2019. It describes the average
IWTI values of groups of countries based on participation in the
GGW initiative in Panel A and the average values for each
country in Panel B. Figure 3B highlights that there is a large
discrepancy in wealth on the continent. South Africa, Egypt,
Angola, Nigeria, and Algeria come out as the wealthiest African
nations. Their IWI exceeds USD 1,000 billion. On the other side,
the least wealthy states are Burundi, Lesotho, the Gambia, and
Djibouti, with wealth lower than USD 20 billion.

Concerning the involvement in the GGW initiative, Fig. 3A
reveals that GGW nations have an average IWI of USD 262.3
billion against USD 396.6 billion for non-GGW nations. The
proportion of capital type is also different across countries
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participating in the initiative. Sahelian countries are composed of
41% of HC, 5% of PC, 9% of renewable NC, and 13% of non-
renewable NC in 2019. Non-GGW nations have a population
composed of 77% of HC, 3% of PC, 12% of renewable NC, and
8% for non-renewable NC in 2019. In sum, these figures show
that there is a relatively low renewable NC density in GGW
nations, and they are less wealthy on average, with Nigeria being
the noticeable exception to this trend. In sum, the discrepancies
displayed in Fig. 3A suggest that attributing the difference in
mean variation in IWI and NC to actions taken under the GGW
can be biased.

Historical capital variation between 1992 and 2019 presented
in Fig. 4 also differs between GGW nations and others. Average
growth of countries based on their participation in the GGW is
presented in Fig. 4A, and average growth for each country is
displayed in Panel B. For each observation presented in Fig. 4, the
growth in PC, HC, and NC is shown as cumulative bars while
IWTI growth, which corresponds to the weighted average of the
capital types is drawn inside the cumulative bars. Panel A of the
plot shows that on average, IWI growth for GGW nations was
1.3% per year, against 3.11% for other African nations. However,
nations involved in the initiative increased their renewable NC by
an average of 0.1% unlike other countries, where NC declined by
0.06%. These figures may suggest a stronger effort by GGW
countries to invest in their environment although they do not
grow economically faster than other countries.

In panel B of Fig. 4, two important continental patterns emerge
when assessing country-level IWI growth between 1992 and 2019.
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First, all African countries increased their IWI, with the lowest
increase in the Central African Republic (CAR) with 0.2% growth
and the highest in Djibouti with a 7.1% rise. Second, HC and PC
were the main capital driving the positive growth of IWI in time.
All African countries but CAR increased their PC and HC. On the
other side, NC contracted in 19 countries out of the 40 countries
in the sample. Burkina Faso and Chad are the only GGW nations
in the sample to have a negative historical NC growth with 0.17%
and 0.0023% declines, respectively.

Overall, historical growth in IWT highlights that GGW nations
have slower IWI growth but faster NC growth than other African
countries. Djibouti, a GGW nation, is the country with the fastest
IWT increase, with a total increase of 7.1% per year, supported by
growth in the three types of capital. However, CAR, Somalia, and
Nigeria had the slowest IWI growth, with increases lower than 1%
per year owing to the low increase in HC during this period and
despite noticeable PC and renewable NC growth in all three
countries.

Additional sensitivity analysis with historical data between
2007 (the beginning of the GGW initiative) and 2019 also
supports the claim that IWI in non-GGW nations grew faster
than that of GGW nations, but their NC increased less strongly
than GGW nations. The SCM is used for this sensitivity analysis
to account for inherent discrepancies between GGW countries
and other African countries described in Fig. 3. The SCM uses
observations of IWI, NC, GDP, and population before 2007 to

8

create a synthetic control unit corresponding to a weighted
average of non-GGW countries whose characteristics are the
closest to GGW participants. Figure Al in the Appendix shows
estimates of NC by year and for GGW nations and their synthetic
control unit. It highlights that the NC of GGW participants
decreased at a pace slower than that of their synthetic counter-
factuals after 2007. Figure A2 which displays the average IWI
growth between GGW participants, and their control unit
highlights that the IWI increase of the former is slower than
the synthetic observation after 2007.

IWI Projection under the GGW initiative up to 2030. The
results of the projection until 2030 are presented in Fig. 5
under the scenario that the GGW initiative enables the
restoration of 156 million ha of land. Panel A of the Figure
shows the average growth of countries based on their invol-
vement in the GGW and the panel B shows growth for each
country individually. In Panel A, the figure reveals that GGW
countries will have an IWI growth of 1.1% against 2.9% for
other countries. Their HC and PC are expected to grow by
1.4% and 3%, and renewable NC will expand by 3.1% for GGW
nations. On the other hand, non-GGW nations will experience
growth in HC, PC, and renewable NC by 3.4%, 7.6%, and
0.04%, respectively. Both groups of countries will experience a
decrease in non-renewable NC. In sum, although the

achievement of goals set for the initiative
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Panel B reports that Djibouti, which is involved in the GGW
initiative, will have the fastest IWI growth on the continent
(5.3%). The IWI growth of all GGW nations includes an
important increase in renewable NC. Thus, most of these
countries follow a strong sustainable development whereby all
forms of capital increase in time. Nevertheless, this projection
shows that the performance of IWI growth in GGW nations will
pale compared to the rest of Africa since they are at the bottom of
the ranking of IWI growth. It shows that self-funding the
initiative will cause important tradeoffs between NC and both HC
and PC. The case of Niger and Burkina Faso is the direst. PC and
HC will deplete in Niger and PC in Burkina Faso if the GGW
initiative is self-funded by the countries.

Sensitivity analyses of the achievement rate of the GGW goals
suggest that IWI in GGW nations is expected to grow at a slower
pace with more advancement of the initiative, provided invest-
ment comes from funds that would have invested in potential HC
and PC. In the sensitivity analysis using a scenario where
countries achieve only half of their goals, the IWI of GGW
countries will increase by 1.3% and so will NC by 1.7% on
average, as presented in Fig. 6. HC and PC are estimated to
increase by 2.3% and 3.7%, respectively. In this scenario, Niger
and Burkina Faso do not experience a decrease in HC, while all
GGW nations still increase their NC. More detailed investigations
bolster the claim of faster IWI growth in case of low GGW
achievement. Figure A3 in the Appendix depicts achievement

rates varying between 10 to 90% by an increment of 10% bolster
highlight faster IWI growth with lower achievement rate of the
initiative.

The extreme case presented by a scenario in which ecosystems
of GGW nations grow at their historical rate is also explored. This
scenario suggests that the IWI growth of the GGW nations will be
1.8% and NC growth will be 0.1% on average (see Fig. 7). HC and
PC will grow by 3.3% and 4.8% for these countries and will drive
their IWT growth.

Another set of sensitivity analyses was conducted to identify
the most effective mix of resources to fund the GGW initiative.
The results suggest that relying heavily on HC investment to
finance the program slows overall IWI growth the most.

Specifically, the analyses examine scenarios where 10% to 90%
of funding comes from HC investment, with the remainder
coming from PC. This creates a range of HC-PC investment
ratios from 90:10 to 10:90, as shown in Fig. A4 in the Appendix.
The findings indicate that when 90% of the funding is diverted
from HC investment, IWI grows by only 0.9% over the study
period. In contrast, when 90% of the funding comes from PC,
IWT grows by 1.4%. These trends remain consistent even under
scenarios where the GGW is only partially completed (see Fig. A5
in the Appendix).
Overall, the sensitivity analyses suggest that GGW countries
will achieve greater long-term wealth growth if they prioritize

investment in human capital.
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Discussions
In summary, the results provide three main implications. First,

it underscores the important composition of wealth in Africa.
In 2019, the main source of wealth on the continent is human
capital, composing 71% of the IWI, while the second most
valuable resource is the renewable NC, contributing 19% of the
continental IWI. PC contributes to only 3% of this wealth.
These results call for actions concerning the need for govern-
ments to monitor NC as meticulously as HC and PC, given its
importance as a source of wealth. The prevailing reliance on
traditional economic indicators such as GDP and HDI for
policy analysis overlooks the critical role of NC while
emphasizing factors about human and PC. It is imperative to
incorporate the IWI and similar indices into policy to foster
sustainable growth and ensure the protection of NC (Aly and
Managi, 2018; Jingyu et al.,, 2020; Lange et al., 2018). These
results also show an important lack of PC on the continent
compared with other resources. Investment in PC is necessary
to ensure the population can use the machinery to improve
their productivity (Managi et al., 2024).

Second, the declining trend in renewable NC in 19 out of 40
countries highlights the urgency to invest in this vital resource.
Figure 8 presents a more detailed analysis of the components of
renewable NC, aiming to explain the causes of its depletion on
the continent. These components are the different stocks of
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land covers used to value the ecosystems. The graph presents
the growth of land cover and NC between 1992 and 2019 in all
countries. There are mixed patterns for almost all countries in
the variation of their NC, but most African countries decreased
their surface area in forest, grassland, woodland, and shrub-
land. This contrasts with the fast expansion of cropland, which
is positive in almost all African countries. Therefore, it is
important to monitor the benefits of public natural land cover
such as woodland and shrubland to ensure they increase or
decrease in smaller proportions (Li et al., 2023). Particularly,
previous studies have shown that Sahelian countries are
experiencing a fast decrease in natural land cover. Although
the data in Fig. 8 supports this concern and the need to address
it, it also appears that all but two GGW countries in our sample
increased their NC. A general increase in NC is driven by the
expansion of croplands.

Third, our projections estimate that more than USD 76.1 bil-
lion will be required to fully implement the GGW initiative. The
USD 14.3 billion pledged by the international community for the
GGW Accelerator programs falls short of this target. Notably, our
estimate exceeds previous projections, such as the USD 33 billion
cited by UNCCD (2022). This higher figure may reflect the
simplified assumption in our model, which distributes restoration
efforts equally across six land cover types, despite likely variations
in cost. The lack of specific targets, for each land cover from
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Fig. 7 IWI variations under the historical rate of growth. A Average IWI growth by country group; B growth by country. The IWI growth estimates are
overlaid on the cumulative growth of human capital, produced capital, and renewable and non-renewable natural capital.

participating countries limits our potential for a more refined cost
analysis.

Lastly, the results show that projects targeting NC growth are
profitable but slow avenues for increasing a nation’s wealth. At a
micro-scale, GGW support can increase income and reduce food
insecurity in communities where it is implemented (Sacande et
al,, 2021). Thus, the low achievement rate in the GGW program
per country in 2019 may underscore the challenges posed by
security issues (O’Connor and Ford, 2014), political stability
(Turner et al., 2023), armed conflicts (Gwaza and Akpan, 2022),
and climate change (Oxford Analytica, 2022). Here, the results
highlight that governments have an incentive to prioritize
investment in HC and PC because it will lead to faster long-term

development. It adds up to the challenge of meeting the ambitious
goal of completing the GGW program by 2030. Hence, financial
assistance will be required for countries to ensure the most effi-

cient application of this program.

Conclusions
This study employs the IWI framework and diverse datasets for

two objectives: First, it assesses Africa’s IWI; second, it quantifies
the impact of the GGW initiative on the growth of NC and total
wealth in participating countries by comparing their growth with
that of non-participating countries. Regarding IWI estimation,
there is fast growth from 1992 to 2019, with a valuation of USD

270 billion in 2019. This wealth is largely composed of NC,
particularly its non-renewable component, standing by as much
as 19% of the total wealth on the continent. However, there is a
mismanagement of this resource across nations, with 19 out of
40 states experiencing a decline in this critical asset between 1992
and 2019. On the other side, all African countries expanded their
human and PC. These results underscore the diligence for
investment in HC and PC and a relative indifference concerning
natural capital protection.
Regarding the impact of the GGW, historical data reveals a
marginally higher growth of renewable NC in GGW nations
compared with other African nations, as of 2019. However,
GGW countries display an IWI growth lower than that of other
countries during the same period. Our projections indicate that
this initiative could boost renewable NC growth to an average
of 3.6% if fully successful and 2.3% if half successful, compared
to the historical 0.1% growth in NC. However, progress under
the initiative will cause underperformance in terms of IWI
growth if they use investment planned for HC and PC to fund
this project. Therefore, foreign aid will be key to an effective
implementation of the GGW while not slowing down long-
term development.

Nevertheless, our study comports some limitations. First,
benefits to local communities, countries, and the world are not
differentiated in the analyses. This differentiation plays an
important role in the implementation of the reforestation
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Fig. 8 Yearly Land cover growth between 1992 and 2019. Renewable Natural Capital refers to Renewable natural capital.

project since investors in the project are those who are the several simplifications in the land cover that will be invested in.
most interested in net benefits. This limit can cause difficulties Further analyses are required with actual plans of restoration
in gathering these three types of stakeholders to discuss fair land per country to improve the accuracy of the interpreta-
contributions of investment for the project. Second, we made tions. Moreover, our estimates of progress made during the
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project are measured with 2019 data. It obstructs the
accounting of several events that occurred in the countries
studied and the novel issues they face such as COVID-19. The
lack of more recent data on the project limits our analyses in
this context. Finally, it is important to note that these statistical
analyses cannot ascertain the causal claim because efforts to
decelerate desertification had started before the launch of the
initiative. Therefore, endogeneity issues may persevere despite
our use of the SCM. These shortcomings remain for future
studies to address.
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