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Sustainable matrix beyond GDP: investment for
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Measuring a country’s sustainable development by its gross domestic product (GDP) is

insufficient to capture the loss of capital that determines future human welfare. To address

this, we propose the inclusive wealth index, which integrates biophysical quantities and

monetary values of natural, human, and produced capital. We analyzed the level of Inclusive

Wealth in 163 countries over the past 30 years to assess sustainable development goals

(SDGs) going beyond GDP. Global wealth has suffered significant losses in natural capital,

with the biased accumulation of capital assets leading to unsustainable and unequal devel-

opment. In low-income countries, soaring population levels and biased capital investments

exacerbate the depletion of natural capital. Our results underscore the critical role of natural

capital and inclusive capital management in sustainable development. Policymakers can use

this information to make capital investments in their economies and promote recovery from

COVID-19 that aligns with the SDGs, the Paris Climate Agreement, and initiatives beyond

GDP.
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Introduction

There is a growing consensus that gross domestic product
(GDP), traditionally used as a measure of short-term
income fluctuations, does not adequately capture the

nuances of long-term sustainable progress and overall human
well-being (Stiglitz et al., 2009; Colglazier, 2015; Fleurbaey and
Blanchet, 2013; Jones and Klenow, 2016). In response, there has
been growing interest among researchers and policymakers in
developing alternative measures that more comprehensively
reflect the economic, social, and environmental dimensions of
sustainable development. The landmark ‘Beyond GDP’ con-
ference in Brussels in 2007, organized by the European Com-
mission under the leadership of Jose M. Barroso, marked a crucial
step towards this goal and catalyzed the creation of new indica-
tors (Bleys, 2012). More recently, after the COVID-19 pandemic,
which triggered a global environmental, health, and economic
crisis, governments worldwide have recognized the need to
address interconnected environmental, economic, social, and
relational challenges to build back better (OECD, 2021). United
Nations Secretary-General António Guterres (2022) echoed these
sentiments at the Stockholm+50 international conference in June
2022, emphasizing the need to value environmental health and
move beyond GDP as the sole measure of human progress.
Recent policy dialogs and initiatives, notably the ‘Beyond Growth’
conference hosted by the European Parliament in Brussels in May
2023 (Jensen et al., 2023), continue to advance this narrative. This
gathering, which echoes Barroso’s earlier initiatives, underlines
the ongoing shift in the discourse on sustainable economic policy.

This paper proposes the Inclusive Wealth Index (IWI) as a
measure beyond GDP. This indicator tracks natural, human, and
produced capital assets as sub-categories of national wealth. IWI
integrates biophysical data and monetary calculations for the
different capital components into a single indicator (Managi and
Kumar, 2018; Dasgupta Managi and Kumar, 2022). Conceptually,
IWI establishes the equivalence between wealth and human
welfare, and the wealth indicator shows that long-term and
multidimensional sustainable development goals can be achieved
through comprehensive wealth management strategies (Arrow
et al., 2012; Dasgupta, 2014).

To date, there have been three empirical measures of inclusive
wealth (UNU-IHDP, 2012; UNU-IHDP and UNEP, 2014; Man-
agi and Kumar, 2018). Our latest fourth edition covers 163
countries from 1990 to 2019, including all significant economies
on all continents, accounting for 98% of the world’s population. It
has been improved with updated data covering multiple sus-
tainable development goals (SDGs). Our empirical results reveal
overexploitation of natural capital and uneven capital accumu-
lation across countries. We conclude that developing and low-
income countries with poor natural capital management are more
vulnerable to natural capital depletion and other capital accu-
mulation deficits, leading to unsustainable progress despite short-
term income improvements.

We discuss trade-offs that policymakers can identify to
achieve the best long-term outcomes for the well-being of their
citizens. Inclusive wealth offers an opportunity to recover from
the COVID-19 pandemic regarding sustainable development,
the Paris Climate Agreement, and changes beyond GDP. In this
sense, it enables policymakers to manage the economy
sustainably.

In the following sections, we explain the concept of indica-
tors beyond GDP and the assessment of the capital base for
achieving the SDGs. We then describe the empirical challenges
of estimating inclusive wealth matrices and updating state-of-
the-art datasets. Based on our key findings, we summarize and
discuss the main results. Finally, we close the paper with a
conclusion.

Measure sustainable progress beyond GDP
Since the Industrial Revolution, economic growth has led to
remarkable improvements in human well-being, including pro-
gress in eradicating deadly diseases, significant reductions in
extreme poverty, and increases in literacy and mobility (Steffen
et al., 2007; Steffen et al., 2018; Crutzen and Stoermer, 2000). At
the same time, the intensification of globalized economic activity
has led to human impacts that may exceed the limits of the safe
and sustainable functioning of Earth’s natural systems (Rock-
ström et al., 2009; Scheffer, 2020). The concept of ‘planetary
limits’ highlights the need for a more sustainable and equitable
development model (Leach et al., 2013; Steffen et al., 2018;
Stafford-Smith et al., 2017; Kortetmäki et al., 2021). The UN’s
17 sustainable development goals (SDGs) aim to guide the
international community toward an intrinsic development path
by providing a comprehensive and integrated framework for all
aspects of sustainable development, including economic, social,
and environmental considerations (Obersteiner et al., 2016;
Stafford-Smith et al., 2017; Brewer, 2019; Glaser, 2012).

However, assessing progress towards the sustainable develop-
ment of nations, particularly in light of a better recovery from the
COVID-19 pandemic, implies that GDP as a measure of eco-
nomic growth needs to be improved (OECD, 2021). The ‘Beyond
GDP’ movement has gained increasing attention in the literature
over the past decades (Stiglitz et al., 2009; Aitken, 2019; Stiglitz
et al., 2018). Leading economists have been supporting the call to
go beyond GDP for at least half a century (Fleurbaey and
Blanchet, 2013; Colglazier, 2015). Going beyond GDP is necessary
to measure sustainable progress for three reasons. First, GDP does
not adequately reflect changes in human well-being, leading
policymakers to adopt policies that reduce welfare (Sen, 1999).
Second, as a measure of changes in income flows over time, GDP
ignores changes in the underlying assets that generate them, such
as natural capital (Arrow et al., 2012; Arrow et al., 2003). Finally,
official statistics on GDP do not keep pace with changes in the
nature and structure of economic activity, such as the deepening
process of globalization (Stiglitz et al., 2009; van den Bergh, 2022).
These shortcomings of GDP are strongly correlated and lead to
increased uncertainty about sustainable development.

Finding measures beyond GDP is a challenging task, as com-
monly proposed alternatives based on the current System of
National Accounts (SNA), such as green GDP-type indicators,
including the Index of Sustainable Economic Welfare (ISEW)
(Daly, 1994) and the closely related Genuine Progress Indicator
(GPI) (Posner and Costanza, 2011), have been criticized for being
too closely related to GDP and may not provide entirely new
information. Moreover, the stability and convergence of the
Human Development Index (HDI) and GDP suggest that GDP per
capita remains valuable (Van Den Bergh and Botzen, 2018).
According to the Sustainable Development Goals (SDG) Index and
Dashboard (Sachs et al., 2019), GDP per capita is the strongest
predictor of SDG performance, although it explains only half of the
variance in SDG scores across countries (Agarwal and Saha, 2021).

The Inclusive Wealth Index (IWI) provides a framework for
assessing a country’s sustainable development beyond GDP
(Managi and Kumar, 2018; Managi, 2019). The uniqueness of the
IWI lies in its equity (capital) based approach to measuring
changes in national wealth, which differs from but complements
GDP in that the IWI measures the capital stock, potentially
generating economic liquidity output. The IWI measures the
social value of all assets (or stocks) that are sources of human
well-being: human capital, produced (tangible) capital, and nat-
ural capital. The IWI framework recognizes the limited sub-
stitutability of finite natural resources and emphasizes the
importance of efficient and effective capital management for
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sustainable development. Wealth accounts show that achieving
the SDGs is not only linked to environmental policies but also to
efficient and effective capital management (Dasgupta, 2021).

Wealth accounts have two fundamental relationships with the
current SNA in national accounts. First, they provide a forward-
looking perspective by measuring the productive base that enables
future production of goods and services, in contrast to the SNA,
which measures consumption and welfare that has already
occurred. Second, wealth accounts allow for greater flexibility and
experimentation, which is essential given that the degradation of
natural assets can have far-reaching effects beyond a country’s
borders and the scope of the SNA. Wealth accounts offer a broader
scope because specific components of wealth, such as global public
goods like the climate system and biodiversity, are not limited to
the same geographical and political scope as the SNA.

Despite their advantages, national IW accounts still need
improvement in several areas (van den Bergh, 2022; Cook and
Davıð́sdóttir, 2021). For example, the valuation of intangibles,
such as education quality and human capital’s health component,
can be improved. Another challenge is reducing reliance on
market prices and measuring the interaction between different
capital assets. It is important to note that more than market
valuation is needed to address human participation in public
goods related to the biosphere, as natural processes cannot fulfill
the technical conditions necessary for the market to function
effectively. In addition, the relationship between technological
progress and environmental policy and the insufficient focus on
intergenerational inequalities require further discussion.

To address these issues, the latest round of Inclusive Wealth
Accounts has updated methods and data and added new dis-
cussions to complement and improve the IW accounts. The fol-
lowing section details the methodological and data improvements
made in the latest IW Accounts.

Methods
The Inclusive Wealth Index (IWI) is an indicator that measures
wealth by combining biophysical data and monetary calcula-
tions for multiple components of capital. Its foundations have
been developed through extensive theoretical and empirical
research (Dasgupta and Mäler, 2000; Arrow et al., 2003; Arrow
et al., 2004; Arrow et al., 2012; Dasgupta, 2014; Agliardi et al.,
2012). Demonstrations of the equivalence between wealth and
social welfare form the basis of the IWI assessment of inter-
generational sustainability (Supplementary Information: S1.1.
General Framework).

The construction of a cross-country IW account is a complex
task that requires the aggregation of global databases on various
aspects of the economy, society, natural resources, and the
environment, and the quantification and valuation of each
country’s assets according to a consistent methodology (see
Supplementary Information: S1.2–S1.5 for details of specific
capital accounting methodologies and data sources). The ulti-
mate, but not redundant, assets that provide exhaustive inter-
generational benefits are natural, human, and produced capital. In
the current IWI valuation method, intangible capital, such as
social capital, is assumed to be the potential embodied value of
the three main capitals that are not separately accounted for in
the basic accounts.

The crucial concept in IW is to assign shadow prices to capital
assets that reflect their social value and contribution to inter-
generational welfare. The ratio of weights measures the marginal
social substitution rates between capital assets. The valuation of
capital assets is crucial for the construction of wealth accounts.
Market prices are the primary source of information for the sha-
dow prices used in the wealth accounts, and we adjust them to

reflect long-term sustainability considerations rather than relying
solely on volatile market prices. One exception is the value of
ecosystem services. We have derived their value from the Eco-
system Services Valuation Database. (ESVD) (Brander et al., 2023).

The experience of rapid population growth in history and the
considerable uncertainty in future population projections show
that sustainability can only be maintained if population growth is
taken into account (Dasgupta, 2014; Barbier, 2019). We therefore
use the non-declining IWI per capita estimate at constant shadow
prices to measure real sustainable development. In addition to
population growth, three other time-varying adjustments are
considered: total factor productivity (TFP), CO2 damages, and oil
price gains. The first reflects technological and skill progress in
capital accumulation, while the latter two adjustments reflect the
impact of transnational externalities on national welfare.

The earlier IW accounts provided valuable insights, including
the significant global decline in natural capital and the clear
independence of IW from GDP or other wealth indicators. The
third update also found strong correlations between IW and SDG
indicators, particularly for SDGs 12, 13, and 7 (Sugiawan et al.,
2023). Building on the work of previous reports, we have pro-
duced the latest cross-country Inclusive Wealth Index (IWI) by
further updating and refining the previous framework (UNEP,
2022; UNEP, 2023). Table 1 briefly summarizes the scope and
updates made to each capital account between the last three
reports and the latest update.

The main updates are as follows: first, the scope of natural
capital accounting under the original classification has been
expanded by updating the data, resulting in an increase in the
number of national accounts assessed from 140 to 163, covering
the period from 1990 to 2019. Second, comprehensive informa-
tion on the dimensions of gender, education, and health has been
integrated to estimate human capital, expanding the scope of the
assessment in relation to the SDGs. Third, the accuracy of the
estimate of produced capital has been improved by considering
sub-categories such as investment in buildings, roads, and
transport equipment by country and year, and by applying
aggregated depreciation rates.

Although the IW account has been improved, there are still
limitations and challenges exist, such as the need for more con-
sideration of ecosystem services other than forests, the lack of
consumption-side accounts, and the lack of information on
gender differences in annual wages for estimating the shadow
prices of human capital. Despite these limitations, analyzing
trends in different capital assets provides the necessary insights
and knowledge to discuss sustainability performance. The fol-
lowing section presents the main findings of the updated IW
accounts. In particular, we focus on changes in national wealth in
relation to GDP-focused growth and the correlation with intra-
generational inequality.

Results
This study uses updated national IW accounts to assess the
dynamics of wealth accumulation in 163 countries. Our analysis
focuses on two key issues: first, we examine the relationship
between population growth, consumption, and natural capital
depletion and how this affects global per capita IW decline.
Second, we examine the developmental disparities associated with
natural capital depletion between and within countries. We
examine these trends and discuss the underlying factors driving
wealth changes across countries. We categorize the 163 countries
according to the World Bank definition by income and region
(see Supplementary Information: S2 for region and income
grouping), highlighting the distinction of the G20 countries as a
separate group from other classifications.
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Identifying population-consumption-environment nexus.
Figure 1 illustrates global changes in IW and natural capital. The
data show that natural capital has declined by 28% since 1990.
Meanwhile, per capita natural capital in 2019 was almost 50%
lower than in 1990. This translates into a global decline in per
capita IW of 0.5%. This is a worrying trend as economic growth
has come at a significant cost to natural capital due to the rapid
net increase of 2.4 billion people. Figure 1a also shows that
human capital per capita is a source of wealth accumulation,
although its growth rate has slowed in recent years.

Furthermore, unequal consumption and ownership of natural
capital across regions exacerbate countries’ environmental
challenges. As shown in Fig. 1b, there is an alarming concentra-
tion of natural capital in the hands of the G20 countries, which
now hold 68% of the world’s share of natural capital, up from
60% in 1990. In contrast, natural capital in Latin America, the
Caribbean (LAC), East Asia, and the Pacific (EAP) has declined in
quantity and global share. This disparity in natural capital
between the wealthiest countries and the rest of the world
highlights the challenge of achieving sustainable and equitable
development.

Table 2 summarizes the average rate of change in wealth per
capita and the contribution of capital accumulation and
population growth for each income group over the period
2010–2019. The results show significant differences in wealth

accumulation and the contributing factors across income groups.
G20 countries have the highest growth in per capita wealth. In
contrast, lower-middle-income countries experienced slower
growth, and low-income countries even saw their wealth shrink
due to population growth and natural capital depletion. High-
income countries had the highest investment in human and
produced capital. However, their wealth accumulation was
limited by the more significant impact of population growth
and natural capital depletion, leading to less wealth accumulation
than in upper-middle-income countries.

Figure 2 shows a stacked bar chart of per capita wealth
changes in natural, human, and produced capital for 163
countries from 2010 to 2019, with per capita accumulation
excluding the impact of population growth. Of the 163 countries,
45 experienced negative per capita wealth growth over the past
decade, 30 of which were low and lower-middle-income
countries, as they experienced the lowest per capita growth in
human and produced capital and the largest per capita decline in
natural capital. Sixteen countries experienced a decline in
human capital per capita, as population growth outpaced human
capital accumulation. Over the last decade, 18 countries, mostly
in the G20, experienced depopulation. However, they still had
positive growth in human capital per capita due to increased
investment in human capital. Ten of these countries still
experienced a loss of natural capital per capita despite

Table 1 The update of cross-country IW accounting in each version.

IWR2012 IWR2014 IWR2018 Update of 2022,2023

Target period
and regions

1990–2008, 20 countries 1990–2010, 140 countries/
regions

1990–2014, 140 countries/regions 1990–2019, 163 countries/
regions

Produced capital • King and Levine (King and
Levine, 1994) (King and Levine,
1994)

• The generally known tangible
capital.

• Perpetual Investment Method
(PIM).

•Depreciation rate is 7%.

•Depreciation rate is 4%. •Depreciation rate is 4%. •Aggregated depreciation
rates vary by country and
year.

Human capital •Arrow et al., 2012)
• Lifetime income approach.
• Education attainment measured
by Mean years of schooling
(MYS)

• Return rate of education is 8.5%
•Discount rate of education
compensation is 8.5%

• Same methodology but
education capital calculation
follows Jorgenson and
Fraumeni (1992)

• Estimate both education and health
capital separately

• Shadow price is estimated by the
Stochastic Frontier Approach (Färe
et al., 2005; Tamaki et al., 2018)

• Lifetime income approach
by estimating work life
expectancy (same as 2012
and 2014)

• Consider education and
health as components in
human capital formation

• Education attainment
measured by School life
expectancy (SLE)

• Estimated human capital
by gender

Health capital •Not included in human capital
and measured separately

•Arrow et al. (2012)
• Estimated by multiplying the
expected discounted life
expectancy of the population by
the statistical life value (VSL)

•Health capital is not estimated
• There are three effects of
health capital: direct welfare,
productivity, and longevity.

• Included in human capital
accounting

• Included in human capital
accounting

Natural capital •Agricultural land (cultivated
land, pastureland)

• Forest (timber, non-timber value
from ESVD)

• Fossil fuel (oil, coal, natural gas)
•Mineral (comprise aluminum,
nickel, copper, phosphorus, gold,
silver, iron, tin, lead, and zinc)

• Fisheries resources (4 countries
only as an example)

•No fishery resources • Introduce fishery resources
• Fish population estimation follows
Martell and Froese (2013)

• Same as 2018

Adjustment
terms

1. Carbon damage
2. Capital gains due to changes in

crude oil prices
3. Total Factor Productivity (TFP)

is measured as Malmquist
productivity Index

• Same as 2012 • Same as 2012 • TFP estimation is based on
a production function that
considers all capital assets
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population decline, suggesting that fewer people may not lead to
reduced consumption of natural capital.

These findings highlight the complex interactions between
population, consumption, and the environment. Population
growth generates more human capital but leads to more
consumption and, consequently, more natural capital depletion.
Even with increased investment in human and physical capital,
faster natural capital depletion and population growth threaten
per capita wealth accumulation. On the other hand, population
decline in developed countries does not necessarily mean less
consumption of natural capital per capita. Countries need to
monitor population growth patterns and identify excessive
consumption leading to natural capital depletion.

In conclusion, the inadequate accumulation of capital such as
manufactured capital, the stagnation of investment in human
capital, and the uneven depletion of natural capital pose a new
challenge to global, intergenerational well-being.

Identifying natural capital depletion and inequality. The rela-
tionship between natural capital depletion and development
disparities between countries is another critical issue in this study.
To this end, we examine the relationship between total factor
productivity (TFP) growth and natural capital depletion for
countries. Figure 3 shows the average growth rate of TFP and the
average rate of change of natural capital per capita for each
income group from 2010 to 2019. TFP measures the efficiency of
the inputs used in the production process (Christensen et al.,
1973). In the Wealth framework, TFP extends this concept to
include natural capital as an input in addition to human and
manufactured capital. Wealth TFP recognizes that natural capital
is also essential to the production process. Inequitable capital

accumulation can have a significant impact on economic growth
and development.

Figure 3 shows the depletion of natural capital per capita from
1990 to 2019 in relation to changes in countries’ TFP. Most
countries in Fig. 3 fall into the fourth quadrant, implying that
productivity and technological progress contribute to GDP growth
through capital accumulation. However, most countries also face
further depletion of natural capital. Low-income countries have
the highest rates of natural capital depletion, while G20 countries
have the lowest. Moreover, TFP and changes in natural capital
show a positive correlation for low-income and upper-middle-
income countries, suggesting that productivity growth in these
countries may be associated with worsening natural capital
depletion. In contrast, high-income countries show a trend that
the more technological progress is made, the lower the level of
natural capital depletion. G20 and lower-middle-income countries
also show similar trends but are less clear-cut.

These results show that natural capital depletion exacerbates
development disparities between countries. The correlation between
TFP growth and natural capital depletion highlights the need to
develop more sustainable production methods less dependent on
natural capital. In this respect, high-income countries are doing
better than others in adopting technologies that reduce natural
capital depletion. At the same time, low-income countries need
more support to develop sustainable production methods to achieve
sustainable economic growth while protecting the environment.

We then examined the relationship between natural capital
depletion and national income inequality by subcategory. We
collected a time series of Gini coefficients for 35 countries from
the World Bank database. We compared these values against
natural capital per capita (log) changes for each subcategory from
2000 to 2010 and 2010 to 2019 (Fig. 4). As the most widely used
measure of inequality, the Gini coefficient reflects a country’s
income distribution (UN DESA, 2015). It compares the income
distribution in a country with a perfectly equal distribution for
each percentile (where each citizen is modeled as having the same
income). The Gini coefficient is calculated using the Lorenz curve,
which represents the distribution of wealth or income among
people within geographical boundaries and is derived from a
perfectly equal distribution (Gastwirth, 1972). The index ranges
from 0 to 100: the higher the value or Gini coefficient, the higher
the degree of inequality and the greater the share of total income
held by the wealthiest class.

Our results show that for non-renewable energy, mineral, and
fishery resources, improvements in income equity are often
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Fig. 1 Comparative trends in global Inclusive wealth and its components (1990-2020). a Shows the percentage change from 1990 for IW per capita,
capital components per capita, GDP per capita, and total population. b Shows the change in the composition of natural capital since 1990, with East Asia
and Pan-Pacific (EAP), East Central Asia (ECA), Latin America and the Caribbean (LAC), Middle East and North Africa (MENA), Sub-Saharan Africa (SSA),
and G20 countries as groups.

Table 2 Average change of IW, contribution of capital
assets, and population by income groups from 1990–2019.

IW Total Produced
capital

Human
capital

Natural
capital

Population

G20 1.32% 0.98% 0.82% −0.04% −0.44%
High 0.56% 1.19% 1.24% −0.16% −1.71%
Low −0.39% 1.04% 1.29% −0.25% −2.47%
Lower
middle

0.14% 1.06% 1.08% −0.30% −1.71%

Upper
middle

0.64% 1.09% 0.92% −0.17% −1.20%
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Fig. 2 The average contribution of capital in per capita wealth growth in 2010–2019.
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associated with the loss of natural resources in highly unequal
middle-income countries. In contrast, for high-income and G20
countries, the opposite trend is observed, with inequality
worsening with the development of natural capital, such as
energy resources in the United States, Denmark, and India;
mineral resources in Russia, Sweden, and India; and fishery
resources in Denmark, the United States and India.

The situation for agriculture and forestry may be more
complicated, as the decline in forest resources may be related to
increased land clearing for agriculture. The decline in forest
resources per capita in middle-income countries is associated
with increased income equality. However, only two countries
(Honduras and Bolivia) show that increases in agricultural
resources per capita are associated with improvements in income
equality. In G20 and high-income countries, the decline in forest
and agricultural resources may be associated with income
inequality, as shown in India and Denmark.

These findings highlight the inequality of natural capital
depletion. Middle-income countries can improve income equality
by giving citizens free access to natural resources. However,
public goods must be better managed, as the tragedy of the
commons and rapid population growth may lead to further
resource loss. Losses of natural capital cannot be replaced by
other forms of human or manufactured capital, which signifi-
cantly impacts wealth accumulation and sustainable development
in these countries. In contrast, in high-income and G20 countries
with relatively well-established capital management and markets,
economic development and other capital accumulation can be

achieved with relatively low natural capital losses. However,
without effective redistributive policies, the benefits of natural
resource depletion may be limited to certain groups in these
countries, exacerbating income inequality. Therefore, a compre-
hensive policy framework that considers the complex interactions
between natural capital, income inequality, and sustainable
development is crucial.

Discussion
Based on the latest IW country accounts, our study shows that
global per capita inclusive wealth has not been on a sustainable
development and equity trajectory in recent decades. Historically,
the iterative relationship between rapid population growth, con-
sumption, and natural capital depletion has adversely affected
global wealth accumulation. In particular, developing and low-
income countries with inadequate natural resource management
have faced exacerbated natural capital depletion and unsustain-
able development. These countries may benefit from free access to
natural resources to improve short-term income and inequality
issues. However, they are challenged to accumulate other capital
assets to compensate for the loss of natural capital due to rapid
population growth and poorly constructed capital investments. In
particular, other capital assets cannot replace the non-market loss
of natural capital. The irreversible loss of natural capital leads to
unsustainability in these countries.

Countries have recognized the non-substitutability of natural
resources, and the past mode of development based solely on

G20
High income

Lower upper middle income

Upper upper middle income

Inequality

Equality

Fig. 4 The relation between income inequality and natural capital depletion in country groups in 2000, 2010, and 2019.
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economic growth is changing. However, policies to protect
resources and the environment can exacerbate inequalities.
Another key finding of this study is that the G20 countries, which
have historically been committed to resource and environmental
protection policies, now hold an even larger share of the world’s
natural resources, exacerbating natural capital inequalities
between countries. While high-income countries are reducing the
loss of natural resources through technological change, middle-
income, and low-income countries are contributing to the irre-
versible depletion of natural resources through technological
progress and capital accumulation. The uneven management of
natural capital has exacerbated development inequalities. In
addition, policies to protect natural resources can increase
inequality within these countries due to the unequal distribution
of wealth across income groups.

Previous seminal works on natural and environmental sus-
tainability take the pessimistic view that due to the non-
substitutability of natural capital, production, and consumption
must be limited to maintain future human well-being (Daly, 1994;
Georgescu-Roegen, 1975). On the other hand, the Inclusive
Wealth framework shows that sustainable development requires
efficient management of all capital, including natural resources,
beyond environmental policy. The COVID-19 pandemic dis-
rupted progress on many of the Sustainable Development Goals.
However, the experience of the pandemic has shown that mobi-
lizing capital is critical to addressing common global challenges.
Public investment, if effectively allocated and coordinated, can
provide the foundation for a sustainable, inclusive, resilient, and
prosperous global recovery. The United Nations 2030 Agenda for
Sustainable Development has taken the first steps towards
achieving the targets set out in its 17 Sustainable
Development Goals.

Conclusion
Based on the theory of wealth and welfare equivalence, the
Inclusive Wealth Index was developed in response to the
Beyond GDP movement and represents an evolutionary step in
sustainability measurement. Research and policy initiatives are
promoting and strengthening inclusive wealth metrics (White
House, 2023; World Bank, 2021; OECD, 2020; Schwab, 2019).
There is a consensus that decision-makers must focus on
wealth growth to ensure the well-being of people in the 21st
century.

The IWI provides a comprehensive assessment of a nation’s
wealth. As nations strive to achieve the Sustainable Development
Goals, there is a critical need to balance the enhancement of
enabling assets with strategic capital investments. Our extended
IW accounting, which mirrors a corporate balance sheet, provides
a more nuanced and comprehensive assessment, enhancing its
practical relevance.

While our extended IW accounting provides a robust frame-
work for asset valuation, data limitations require further research
and refinement. Challenges remain in accurately valuing ecosys-
tem services, particularly for diverse ecosystems and their evol-
ving functions. In addition, incorporating finer gender
disaggregation into human capital valuations will require inno-
vative shadow-pricing methods. These limitations, however, do
not detract from the IWI’s crucial contribution to the advance-
ment of environmental economics. Instead, they highlight excit-
ing opportunities for future research to strengthen the accuracy
and applicability of the IWI.

Despite the data challenges, our study paves the way for further
research refinement. The stark contrast between sustainable
wealth accumulation and depletion paths revealed by our IWI
analysis underscores the urgency of tailored development

strategies. For nations grappling with rapid urbanization and
resource depletion, the IWI provides a roadmap for investing in
human capital, fostering technological innovation, and protecting
vital natural capital. To achieve sustainable development goals
and ensure equitable prosperity for all, policymakers must
embrace inclusive wealth metrics and actively integrate them into
policy frameworks.

Going forward, we advocate the systematic inclusion of the
IWI alongside other non-GDP indicators that provide more
robust perspectives on inclusive development and the achieve-
ment of sustainable development goals. Such comparative ana-
lyses can strengthen policy discourse and ensure a comprehensive
approach to assessing progress and guiding nations toward sus-
tainable prosperity.

Data availability
The datasets generated and/or analyzed in the current study are
not publicly available. However, these data are available from the
authors upon reasonable request and subject to certain condi-
tions. Requests for access to the data should be addressed to the
author. Requests for access to the data should be directed to the
author and will be considered in accordance with the data-
sharing policies of the Urban Institute of Kyushu University and
the requirements of the data custodians.
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