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Foreword

A decade ago, the World Bank launched the book Where Is the Wealth of Nations?, 
which first introduced the concept of wealth as a complementary indicator to gross 
domestic product (GDP) for monitoring sustainable development in a country. For the 
first time, we showed that development is about managing a broad portfolio of assets—
produced, human, and natural capital. Just as a company measures its value by looking 
at both its income statement and balance sheet, a look at comprehensive national 
wealth signals if GDP growth can be sustained over the long run. 

There is some good news from the analysis presented in The Changing Wealth 
of Nations 2018—global wealth grew significantly between 1995 and 2014 and 
middle-income countries are catching up to high-income countries in terms of their 
wealth, mainly because of rapid growth in Asia. More than two dozen low-income 
countries, where natural capital dominates the composition of wealth, have moved to 
middle-income status, in part by investing resource rents into infrastructure and edu-
cation and health, which increases human capital. 

However, the wealth accounts also indicate areas of concern. Some low-income 
countries—especially in Sub-Saharan Africa—saw a decline in per capita wealth as 
rapid population growth outpaced investment. We also see that in 12 countries the 
percentage of people living in extreme poverty has jumped over the last decade. 
Looking at this disturbing trend through the lens of wealth accounting shows that the 
‘demographic dividend’ from population growth can be realized only with rapid 
investment in infrastructure and education, and by managing the natural asset base 
sustainably in the long run. In high-income countries, human capital accounts for 
70 percent of wealth, whereas for low-income countries, natural capital is still the 
biggest asset. 

Of the 24 countries that have remained low-income since 1995, 13 are classified 
as fragile and conflict states and out of these a majority are resource-rich. This helps us 
see better the links between poverty, fragility, and governance. It is not a coincidence 
that several fragile countries are rich in resources but cannot at present use resource 
rents to build their institutions and people. 

In The Changing Wealth of Nations 2018, which covers 141 countries over 
20 years (from 1995 to 2014), we have made huge strides in how we measure compre-
hensive wealth. For the first time, we have a sound estimate of human capital, drawing 
from a unique database of more than 1,500 household surveys maintained by the 
World Bank. New data has greatly improved our estimates of natural capital as well. 

This new volume sets the stage for addressing development through a compre-
hensive measure of wealth, which underpins income and well-being. We hope that the 
results will be used by policy makers and others to improve measures of economic 
progress and lead to policies that improve lives for generations. 

Kristalina Georgieva
Chief Executive Officer

World Bank
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Executive Summary

Glenn-Marie Lange, Quentin Wodon, and Kevin Carey

Key Findings

• Global wealth grew significantly between 1995 and 2014. 
Middle-income countries are catching up in large part because of 
rapid growth in Asia, but inequality in overall wealth persists. 
Because wealth underpins national income, measuring changes in 
wealth permits us to monitor the sustainability of development, 
an urgent concern today for all countries.

• Although total wealth increased almost everywhere, per capita 
wealth did not. Several low-income countries experienced a 
decline in per capita wealth because population growth outpaced 
investment, especially in Sub-Saharan Africa. As per capita 
wealth declines, the ability of countries to maintain per capita 
income will decline.

• Human capital, measured as the value of earnings over a person’s 
lifetime, is the most important component of wealth globally. 
Human capital wealth on a per capita basis is typically increasing 
in low- and middle-income countries. In some upper-middle- and 
high-income countries, aging and stagnant wages are reducing the 
share of human capital in total capital.

• Women account for less than 40 percent of human capital wealth 
because of lower earnings, lower labor force participation, and 
fewer average hours of work. Achieving higher gender parity in 
earnings could generate an 18 percent increase in human capital 
wealth.
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Why Should We Measure Wealth?

National income and well-being are underpinned by a country’s assets or 
wealth—measured comprehensively to include produced capital, natural 
capital, human capital, and net foreign assets. Sustained long-term eco-
nomic growth requires investment and management of this broad portfolio 
of assets. Although a macroeconomic indicator such as GDP provides an 
important measure of economic progress, it measures only income and 

• A country’s level of economic development is strongly related to 
the composition of its national wealth. Natural capital is the larg-
est component of wealth in low-income countries (47 percent in 
2014) and accounts for more than one-quarter of wealth in 
lower-middle-income countries.

• Getting rich is not about liquidating natural capital to build other 
assets—natural capital per person in high-income Organisation 
for Economic Co-operation and Development (OECD) coun-
tries was three times that in low-income countries in 2014, even 
though the share of natural capital in high-income OECD 
 countries was only 3 percent.

• Growth is in part about more efficient use of natural capital and 
investing the earnings from natural capital sources, such as miner-
als, into infrastructure and education. This investment then 
results in growth of total wealth.

• Renewable resources—agricultural land and forests and pro-
tected areas—can produce benefits in perpetuity if managed sus-
tainably. In low- and middle-income countries, the monetary 
value of renewable assets more than doubled, keeping up with 
population growth on average, which is good news, with greater 
gains in value of agricultural land than forests.

• In contrast with renewable resources, nonrenewable natural 
 capital—such as fossil fuels and minerals—offer a one-time 
chance to finance development by investing resource rents. 
Nearly two-thirds of countries that have remained low income 
since 1995 are classified as resource-rich, or fragile and conflict 
states, or both. This shows that resources alone cannot guarantee 
development: strong institutions and good governance are needed 
to ensure that rents are invested and not used entirely for 
consumption.

• In conclusion, wealth should be used as an indicator of sustain-
ability to complement GDP, which measures only current income.
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production and does not reflect changes in the underlying asset base. Used 
alone, GDP may provide misleading signals about the health of an economy. 
It does not reflect depreciation and depletion of assets, whether investment 
and accumulation of wealth are keeping pace with population growth, or 
whether the mix of assets is consistent with a country’s development goals.

Nobel Laureate Joseph Stiglitz observed that a business is always eval-
uated by both its income statement and its balance sheet1 (assets and lia-
bilities, or wealth). Similarly, a prospective homeowner can obtain a 
mortgage only by demonstrating both his or her income and net assets—
income in any given year can always be made to look good by selling off 
assets, but liquidating assets undermines the ability to generate income in 
the future; the true picture of economic health requires looking at both 
income and wealth. The economic performance of countries, however, is 
only evaluated based on national income; wealth has typically been 
ignored. Indeed, one of the primary motivations for the early natural capi-
tal accounting efforts in the mid-1980s was concern that rapid GDP 
growth in resource-rich countries was achieved through liquidation of 
natural capital—a temporary boost to consumption that created no basis 
for sustained advances in wealth and human well-being (for example, 
Repetto et al. 1989). Monitoring wealth, including natural capital, was 
part of the solution to the challenge of long-term sustainability.

The goal of this book is to broaden the measures economists, policy 
makers, the private sector, and civil society use to assess economic progress. 
Without a forward-looking indicator, it is difficult to conclude that we can 
accurately measure economic progress. Wealth, by its nature, concerns the 
future—the flow of income that each asset can generate over its lifetime. 
Measuring changes in wealth permits us to monitor the sustainability of 
development, an urgent concern today for all countries, and a critical, 
 yet-to-be-defined indicator for the Sustainable Development Goals (see 
box ES.1). GDP indicates whether a country’s income is growing; wealth 
indicates the prospects for maintaining that income and its growth over 
the long term. They are complementary indicators. Economic performance 
is best evaluated by monitoring the growth of both GDP and wealth.

This book covers a wide range of topics related to produced, natural, 
and human capital, as well as total wealth as an indicator of sustainability. 
This is an intentional strategy for building bridges across disciplines by 
demonstrating how the comprehensive wealth approach provides a  useful, 
indeed essential, lens for viewing a broad set of development concerns—
the sustainability of development.

What Is New in This Version of The Changing Wealth 
of Nations?

Measuring national wealth and changes in wealth is part of an ongoing 
effort by the World Bank to monitor the long-term economic well-being 
of nations. The Changing Wealth of Nations 2018 builds on two previous 
World Bank reports—Where Is the Wealth of Nations? Measuring Capital 
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for the 21st Century (2006) and The Changing Wealth of Nations: Measuring 
Sustainable Development in the New Millennium (2011).

This book reports wealth for 141 countries for the period 1995 to 
2014. The wealth accounts include the following asset categories:

• Produced capital and urban land—machinery, buildings, equipment, 
and residential and nonresidential urban land, measured at market 
prices.2 For brevity, the term produced capital is used in the book to 
include produced capital and urban land.

• Natural capital—energy3 (oil, gas, hard and soft coal) and minerals 
(10 categories), agricultural land (cropland and pastureland), forests 
(timber and some nontimber forest products), and terrestrial protected 
areas (for brevity, referred to simply as protected areas in the book). 
Marine-protected areas are not currently included. Natural capital is 
measured as the discounted sum of the value of the rents generated 
over the lifetime of the asset.

• Human capital—human capital disaggregated by gender and employ-
ment status (employed, self-employed). Human capital is measured as 
the discounted value of earnings over a person’s lifetime.

• Net foreign assets—the sum of a country’s external assets and liabilities,4 
for example, foreign direct investment and reserve assets (for further 
explanation, see Lane and Milesi-Ferretti 2007, 2017)

BOX ES.1 wealth Accounting and the sustainable development Goals

The Sustainable Development Goals (SDGs) came into force at the beginning of 2016. They build on the Millennium 

Development Goals and set a new global development agenda to eradicate poverty and shift the world onto a 

sustainable development path by 2030. The SDGs are comprehensive and include goals on poverty reduction, 

education, health, the environment, and peaceful and inclusive societies. The 17 SDGs and their 169 targets are 

interrelated, given that progress toward one goal can enhance progress in others.

The comprehensive wealth accounts provided in this book can primarily contribute to SDG 17, which aims to 

revitalize the global partnership for sustainable development. Under the systemic issues articulated in this goal, the 

wealth accounts contribute to (1) policy and institutional coherence, by providing a common and sound analytical 

framework for assessing sustainable development; and (2) the targets related to data, monitoring, and accountability. 

The final target of the entire SDGs is target 17.19:

By 2030, build on existing initiatives to develop measurements of progress on sustainable development that 

complement gross domestic product, and support statistical capacity building in developing countries.”a

At present, there is no agreed-upon macroeconomic indicator of sustainability, but measures of a country’s 

change in wealth per capita over time can help fill this void. The World Bank’s data on trends in wealth per capita 

for 141 countries can provide an indicator for this target. Moving forward, countries may start implementing this 

approach to produce balance sheets in their own statistical agencies, and ultimately contribute to improvements in 

measuring sustainable development. 

a. see http://www.undp.org/content/undp/en/home/sustainable-development-goals.html.

http://www.undp.org/content/undp/en/home/sustainable-development-goals.html�
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This book covers a much longer period (1995–2014) with better data 
and country coverage than previous reports. The focus of the book is on 
natural capital and human capital since information for produced capital 
and net foreign assets has been well established by other institutions. For 
the first time, explicit estimates of human capital, which is the largest com-
ponent of global wealth, are provided. The availability at the World Bank 
of a unique global database of more than 1,500 household surveys has 
made possible the first-of-its-kind5 global implementation of the well-
known Jorgenson-Fraumeni lifetime earnings approach (Jorgenson and 
Fraumeni 1989, 1992a, 1992b) for measuring human capital based on 
individual data from household surveys. The estimates of human capital 
are presented by gender. In addition, drawing on work from the Penn World 
Table (Feenstra, Inklaar, and Timmer 2015), human capital is estimated for 
both employed and self-employed workers. Estimating human capital 
explicitly using household survey data enables us to calculate comprehen-
sive wealth by summing up direct estimates of each component of wealth, 
thereby providing a more accurate indicator of sustainability. By contrast, 
previous versions of wealth accounts only measured produced capital and 
natural capital directly; total wealth and human capital were inferred.

Since the first version of the book in 2006, great progress has been 
made in data availability. Asset and country coverage have increased and 
deepened, although critical components of natural capital are still missing, 
specifically water, important minerals, some ecosystem services such as 
pollination and protection from natural hazards, and the condition of nat-
ural capital (for example, pollution and land and forest degradation). 
Market prices used to value natural capital typically do not reflect these 
ecosystem services or their value is not explicit, making it more difficult to 
manage natural capital to promote sustainable, long-term growth. With a 
20-year time series of country wealth accounts, we can now examine in 
much greater depth the dynamics of wealth and development, which we 
began with a 10-year time series in the last version published in 2011. The 
introduction of human capital accounts in this book opens a new avenue 
for understanding sustainability. In addition, more analytical work is under 
way using various components of the wealth accounts. Overall, our hope 
is that this work presents insights into development issues that, in some 
cases, may not be new but are grounded in an approach to wealth account-
ing and long-term sustainability that is quantifiable.

Sustainability into the 21st century will depend not only on produced 
capital, but also on investments in human capital, the strength of our insti-
tutions and governance, and the integrity of our natural capital. This new 
volume sets the stage for addressing these issues in an integrated manner. 
This executive summary presents some of the main findings.

Global and Regional Trends from 1995 to 2014

Middle-Income Countries Are Catching Up to High-Income Countries
Global wealth increased 66 percent from 1995 to 2014 (from $690 trillion 
to $1,143 trillion, in constant 2014 U.S. dollars at market prices), marked 
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by a sharp rise in the share held by middle-income countries from 19  percent 
to 28 percent over the period, while the share of high-income OECD coun-
tries declined from 75 percent to 65 percent (see figure ES.1). This change 
largely reflects the phenomenal rise of Asia, which has gone from mostly 
low- to middle-income status (except for Nepal) in one generation.

Mixed Progress in Some Low-Income Countries
The share of global wealth held by low-income countries, mainly in Sub-
Saharan Africa, barely moved from less than 1 percent throughout the 
period 1995–2014, even as those countries’ share of world population 
grew from 6 percent to 8 percent. However, this result masks divergent 
trends in this group. Although wealth in many countries increased sub-
stantially, these gains were offset by slower progress and in some cases 
losses in wealth in a few large low-income countries in this group, such as 
the Democratic Republic of Congo, Madagascar, and Tanzania.

Although Total Wealth Increased in Most Countries, Per Capita 
Wealth Did Not
Per capita wealth grew fastest in middle-income countries and in some 
low-income countries, contributing to convergence in levels of wealth. 
However, convergence is a very slow process; in addition, per capita wealth 
changed very little or fell in some countries (see map ES.1). Particularly 
hard hit were some of the low-income countries in Sub-Saharan Africa, 
several carbon-rich countries in the Middle East, and a few OECD 
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countries affected after 2009 by the financial crisis. Although the growth of wealth from 
1995 to 2014 in many Sub-Saharan African countries matched that of other regions, the 
growth was not sufficient to keep up with relatively high population growth in some 
of them. Countries with similar or even less investment growth over the period still 
increased per capita wealth because of lower population growth rates (see figure ES.2). 

MAP ES.1 Percent Growth in total wealth Per Capita, 1995–2014

< –5 –5–5 5–50 50–100 >100

Source: World Bank calculations based on wealth data and population figures from World Bank 2017.
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The “demographic dividend” of a rapidly growing, younger population can 
only be realized if investment is sufficient to provide each potential new 
worker with the same (or more) human, natural, and produced capital. 
High population growth rates make meeting this goal more challenging.

Natural Capital and Development

Natural Capital Is the Most Important Asset for Low-Income Countries
Natural capital constituted 47 percent of wealth in 2014, and a major part 
of wealth in lower-middle-income countries as well (27 percent). As a gift 
from nature, natural capital has historically been the most abundant asset 
available to all countries at one point in their development, although the 
endowment has varied enormously among countries. At low incomes, 
economies are largely built around this relatively abundant asset, invest-
ing the proceeds in the relatively scarce assets—produced and human 
capital—to foster development. So, it is not surprising that low-income 
countries rely primarily on natural capital for their development (see 
table ES.1).

Richer countries clearly have greater wealth per person than low-
income countries, but a strong relationship between development and the 
composition of national wealth can also be discerned. The share of natural 
capital gradually declines as countries graduate from low- to middle- and 
high-income status. Human capital reaches 70 percent of wealth in high-
income OECD countries (and natural capital only 3 percent)—not by 
reducing the amount of natural capital but by adding more produced 
 capital, especially human capital. This makes sense because economies can 
only move beyond subsistence production of food and shelter to manufac-
turing and services with the addition of human capital, infrastructure, 
and other produced capital. The exception is high-income non-OECD 

TABLE ES.1 wealth, by type of Asset and region, 2014

Type of asset
Low-income 
countries (%)

Lower-middle-
income 

countries (%)

Upper-middle- 
income 

countries (%)

High-income 
Non-OECD 

countries (%)

High-income 
OECD 

countries (%) World (%)

Produced capital 14 25 25 22 28 27

natural capital 47 27 17 30 3 9

Human capital 41 51 58 42 70 64

net foreign assets –2 –3 0 5 –1 0

total wealth 100 100 100 100 100 100

total wealth, us$ billion $7,161 $70,718 $247,793 $76,179 $741,398 $1,143,249

total wealth per capita $13,629 $25,948 $112,798 $264,998 $708,389 $168,580

Source: World Bank calculations.
Note: Figures for wealth are in constant 2014 US dollars at market exchange rates.
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countries, dominated by the high-income oil and gas producers of the 
Middle East, where natural capital remains a large component of wealth.

Getting rich is not about liquidating natural capital to build other 
assets—natural capital per person in high-income countries is three times 
that in low-income countries, $19,525 versus $6,421 in 2014, even though 
the share of natural capital in high-income OECD countries is only 3 
percent. Development is about more efficient use of natural capital (and 
its sustainable management in the case of renewable natural capital), 
bringing to bear other assets to increase productivity, together with the 
strong institutions and policies that make investment attractive. In 1995, 
52 countries were classified by the World Bank as low-income countries; 
28 of these countries are now middle-income countries. Of these 
28  middle-income countries, the majority (23) were highly dependent on 
natural capital in 1995. More than half (15) were considered resource-
rich and managed their energy and mineral wealth (nonrenewable natural 
capital) to build a broader set of assets, joining the middle-income group 
of countries. Another 8 countries, including India Kenya, Pakistan, and 
Senegal, were heavily dependent on agricultural land and forests (renew-
able  natural capital), and have now built larger and more diverse  portfolios 
of assets, especially human capital, but also infrastructure and other 
 produced capital.

At the global level, the value of natural capital assets doubled between 
1995 and 2014. Most of the growth was in nonrenewables (308 percent), 
largely because of changes in both volume and prices, while renewable 
resources grew by 44 percent. The increase in the value of energy and 
minerals might seem surprising since extraction depletes these stocks. But 
these resources, which of course existed long before 1995, only become 
productive assets for an economy and are added to the balance sheet when 
they are economically proven—that is, discovered and profitable to extract 
with available technology at a given price. The value of renewable resources 
can increase by bringing more land into productive use or by using the 
resource more productively, for example, by improving crop yields or 
developing nature-based tourism on forestland. The different trends for 
renewables and nonrenewables require a closer look. But first we examine 
what this information about natural capital assets can add to our under-
standing of growth at the macroeconomic level.

Natural capital accounts can help inform policy decisions by 
improving measures of economy-wide productivity gains. Economic 
growth is key to poverty reduction and better living standards. An econ-
omy can grow by either increasing the use of inputs, such as labor and 
produced capital, to produce more, or by improving productivity—that 
is, how efficiently a country produces goods and services using a given 
set of inputs. Traditionally, economists measure productivity, termed 
multifactor productivity,6 by considering only two factor inputs: stocks 
of labor and produced capital. Multifactor productivity is assumed to 
represent factors such as more efficient management and technological 
change not directly embodied in capital stocks. However, the traditional 
two-factor approach to measuring multifactor productivity ignores the 
role of natural capital in economic growth, and may send misleading 
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signals about a country’s economic progress, for example, by overesti-
mating economic growth in countries that rely on natural resource 
depletion (OECD 2017).

To correct the mismeasurement of productivity, the OECD (Brandt, 
Schreyer, and Zipperer 2017) recently added environmentally adjusted 
multifactor productivity to its headline indicators for green growth in 
OECD countries (OECD 2017). The OECD found that some countries, 
such as Japan, Finland, Germany, and the Russian Federation, achieved 
economic growth almost entirely through productivity gains. But eco-
nomic growth in other countries—notably Brazil, China, India, and 
Turkey—has relied much more on increased use of labor, produced capi-
tal, and natural capital. Comprehensive wealth accounts, which include all 
three factors (produced, human, and natural capital), enable countries to 
apply this more accurate productivity diagnostic, providing new insights 
into productivity and growth. This approach is applied for selected 
resource-rich countries in the book.

Natural capital poses different development challenges for coun-
tries dependent on renewable resources (agricultural land, forests, and 
protected areas) versus nonrenewable resources (fossil fuels and miner-
als) (see box ES.2). Renewable resources are unique in that, if managed 
sustainably, they can produce benefits in perpetuity. Improvements in 
productive use of renewables can increase the benefits they generate 
and, consequently, the value of these assets, even if the land area does 
not increase, or even decreases, which has been the case for a number of 
countries. By contrast, nonrenewable natural capital offers a one-time 
chance to finance development by investing the resource rents7 in other 
assets to replace the depleted natural capital. Some, but not all, coun-
tries have made good use of this opportunity. In all cases, these assets, 
similar to others in our wealth accounts, are valued at market prices or 
by using market price information to derive a value, as explained in 
appendix A.

Looking more closely only at low- and middle-income countries, 
natural capital grew in all regions. Nonrenewables,  particularly oil and 
coal, accounted for most of the increase, but there were also gains in 
renewables in all regions except Sub-Saharan Africa. As a share of wealth, 
natural capital increased in three out of six regions—Latin America and 
the Caribbean, Europe and Central Asia, and the Middle East and North 
Africa (see figure ES.3). On a per capita basis, natural capital increased in 
all regions except Europe and Central Asia and Sub-Saharan Africa. 
A closer look at each type of natural capital will help provide a better 
understanding of the role of renewables and nonrenewables in develop-
ment in these regions.

In low- and middle-income countries, the value of renewable assets—
agricultural land, forests, and protected areas—more than  doubled from 
1995 to 2014, with better progress for agricultural land and protected 
areas than forests. In 1995, agricultural land was the most important asset 
after human capital in many countries, especially in South Asia and Sub-
Saharan Africa. In Nepal, for example, natural  capital—mostly agricultural 
land—accounted for 50 percent of total wealth in 1995 and remains a 
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BOX ES.2 renewables, nonrenewables, and the Challenge of development

For countries that are dependent on nonrenewables, the development challenge is twofold: recover rents from usually 

private (often foreign) operations and invest rents to build other assets. The use of nonrenewables, by definition, is 

unsustainable, and these resources will eventually be depleted, but the income from these assets can be plowed 

back into other assets, especially infrastructure and human capital, to build an economy and support long-term 

growth. However, nonrenewables often involve highly capital-intensive mining operations that do not generate many 

jobs or support livelihoods, and can result in factors that hinder development associated with the “resource curse.”

Revenue from nonrenewables can finance investments for sustainable wealth, but this requires careful 

macroeconomic management and strong institutions, both of which are lacking in some countries. Countries such 

as Botswana and Chile have succeeded in using resource wealth for development by recovering the resource rents 

generated and investing them in other assets. Of the 52 countries classified as low-income in 1995, 28 used their 

natural capital effectively to build wealth and move into the middle-income group of countries. Of the 24 countries 

that have remained low-income since 1995, 12 are classified as resource-rich, and of those, 8 are also classified 

as fragile-conflict states. For these 24 countries, characterized by low rankings on various dimensions of institutions, 

governance, and policy such as the World Governance Indicators, resource wealth alone has not been sufficient to ensure 

rapid development. Using the wealth accounts for Ghana and Niger—together with indicators of political economy and 

macroeconomic policy—demonstrates the complex interplay between resource wealth and development; for example, 

Ghana, which invested in human capital, has managed the challenges more successfully than Niger.

Renewable natural capital is a unique asset. If managed sustainably, it can produce benefits in perpetuity, in 

contrast to nonrenewables. For countries that are highly dependent on renewable assets, long-term growth requires 

maintaining or improving the productivity of these natural resources and managing them sustainably. Substantial 

investments may be needed to improve agricultural yields, use scarce water resources more efficiently, or switch to 

higher-value crops. Increasing productivity may also require managing land for a different mix of goods and services 

over time. For example, a forest once managed primarily for timber may generate higher value and employment as an 

ecotourism resource or as a source of clean, sediment-free water for downstream hydroelectric power.

FIGURE ES.3 shares of renewable and nonrenewable natural Capital in total wealth, 
by region,1995 and 2014
percent

Source: World Bank calculations.
Note: Only low- and middle-income countries are included.
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significant source of wealth today. The asset value of agricultural land has 
gone up sharply in most  countries,  especially in Asia and Latin America. 
Part of the gain is due to expansion of area under cultivation, especially in 
Latin America and  Sub-Saharan Africa.

Despite growth in the value of agriculture land in Sub-Saharan 
Africa, it did not keep pace with population growth in 18 of the 35 coun-
tries in the data set, and per capita agricultural land value declined (see 
figure ES.4). Significant numbers of people rely on agriculture for liveli-
hoods in these countries, including in Côte d’Ivoire, Gabon, Ghana, 
Mali, Nigeria, Tanzania, and Zambia. By contrast, significant gains were 
achieved in Ethiopia, The Gambia, Mozambique, Namibia, Togo, and 
Uganda.

A positive development is the rapid increase in protected areas, which 
provide critical ecosystem services. These areas have increased in all 
regions, both in extent and value. In low- and middle-income countries, 
the extent of land in protected areas increased 65 percent, accounting for 
17 percent of these countries’ total land area in 2014, up from 10 percent 
in 1995.

But the extent of forestland declined by 4 percent overall as a result 
of conversion to agriculture and other land uses, notably in forest-rich 
Africa and Latin America. Of concern is the decline in forestland area, 

FIGURE ES.4 Change in Per Capita value of Forest and Agricultural Land, 1995–2014
percent
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although the regional averages conceal significant variation between 
countries. In East Asia, for example, the reported gains in forestland 
area in countries such as China, the Philippines, Thailand, and Vietnam 
outweigh significant losses in Cambodia and Indonesia. The loss in 
 forestland area was more extensive in Latin America (7 percent) and 
Sub-Saharan Africa (9 percent), where conversion to agriculture was 
widespread.

By contrast, the asset value of forests stayed roughly constant from 
1995 to 2014 across the regions while populations grew, and, thus, on a 
per capita basis, forest asset value per capital declined everywhere (see 
figure ES.4). The widespread loss of forestland can have significant, poten-
tially irreversible effects that are not fully accounted for in the monetary 
value of forests included in the wealth accounts—for example, adverse 
impacts on water regulation, loss of protection from natural hazards, and 
reduced biodiversity and carbon storage. The conversion of forestland to 
other uses may be far worse than the monetary accounts indicate because 
the accounts are largely based on market prices that do not fully reflect the 
loss of nonmarket ecosystem services and externalities.

In contrast with renewable resources, nonrenewable natural capital—
fossil fuels and minerals—offer a one-time chance to finance development 
by investing resource rents. The challenge of development for countries 
rich in energy and minerals has been well documented in the literature on 
the “resource curse.” Resource-rich economies face unique development 
challenges to transform an exhaustible resource, such as oil, into assets 
that can continue to generate income and employment once the oil is 
gone. Oil rents, for example, provide substantial revenues for financing 
development and moving a country onto a higher growth trajectory, but 
this goal can only be achieved with the right institutions and governance 
to capture the rents and invest them effectively in other, productive assets 
(human capital, produced capital, renewable natural resource capital), an 
issue addressed further in chapter 3.

An endowment of natural resources alone may not ensure rapid devel-
opment. Of the 24 countries that have remained low-income since 1995, 
12 are classified as resource-rich; of those, 8 are also fragile-conflict states. 
The importance of strong institutions and sound policies for managing 
resource revenues is essential to turn these riches into sustainable develop-
ment (see box ES.2).

Fossil fuel energy—carbon-based wealth—grew faster than any 
other asset, but that asset is increasingly at risk because of price uncer-
tainty, advances in technology, and large-scale attempts at global decar-
bonization to slow climate change. These risks may diminish the value 
of carbon-based assets and undermine traditional development path-
ways for carbon-rich nations (see box ES.3). The major energy produc-
ers of the Middle East, as well as countries such as Brazil, China, Mexico, 
and the Russian Federation, have greater resources with which to 
address these risks. However, some smaller producers—many of them 
low- and lower-middle-income countries in Africa—rely heavily on car-
bon wealth for development and have fewer resources with which to 
address the risks.
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Human Capital: Driver of Development

Human capital wealth is measured for the first time as the present value 
of the future earnings of the labor force using household surveys for 141 
countries. Human capital is often interpreted to include, among other fac-
tors, the years of schooling of the population, the actual learning taking 
place in school and after leaving school, and health investments. In this 
book the measure of human capital is based on the present value of the 
expected earnings of the labor force, a measure that is consistent with the 
concept of capital used for other assets. This measure factors in not only 
the number of years of schooling completed by workers, but also the earn-
ings gains associated with schooling (which implicitly factors in the quality 
of the learning taking place in school) and how long workers can work 
(which implicitly accounts for health conditions through life expectancy, 
among others).

In per capita terms, human capital wealth stood at $108,654 per per-
son in 2014 versus $88,874 in 1995, accounting for roughly two-thirds of 
global wealth. This share declined over the past two decades, from 69 per-
cent in 1995 to 64 percent in 2014. This decline is observed only for com-
paratively richer countries—in most developing countries, the share of 
human capital in total wealth is rising. This rising trend is expected to con-
tinue. In simple terms, a skilled labor force appears to be the key to future 
development in an increasingly globalized economy. This book highlights 
significant facts on human capital, with a companion volume providing 
additional insights into how the data can be used for policy (see box ES.4).

Growth rates in human capital wealth per capita are presented in 
figure ES.5. At the global level, growth in human capital is driven 

BOX ES.3 the Carbon wealth of nations at risk

Carbon assets—oil, gas, and coal—make up a significant share of wealth in many countries. In the Middle East and 

North Africa, carbon assets average almost 30 percent of total wealth, exceeding the amount of produced capital, 

and they average nearly 10 percent in Sub-Saharan Africa. However, carbon wealth is becoming increasingly risky 

because of price uncertainty. Furthermore, large-scale attempts at global decarbonization may diminish the value of 

carbon assets and undermine traditional development pathways for carbon-rich nations. 

Carbon-rich developing nations hold a median of 45 years of reserves of carbon resources at current depletion 

rates. If the international effort to hold global warming below 2° C is to be achieved, a large share of resources must 

remain in the ground for a far longer period (hundreds or thousands of years instead of decades). Estimates suggest 

this could leave about 25 percent of Africa’s oil and 35 percent of its gas stranded, while the Middle East could see 

almost 40 percent of its oil stranded and more than 60 percent of its gas. Globally, the top 10 state-owned carbon-

resource companies account for $2.3 trillion of state-owned produced assets related to extraction and processing 

of fossil fuels. Mitigating the risks they face will require diversifying the total wealth portfolio away from carbon, 

including belowground natural capital (oil, gas, coal) and the associated aboveground physical and human wealth.
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primarily by shifts taking place in OECD and upper-middle-income coun-
tries, which account for 87 percent of global wealth (65 percent for the 
OECD and 22 percent for upper-middle-income countries) and an even 
larger share of human capital wealth. In these countries, the share of 
human capital wealth in total wealth is falling, as labor earnings (as a share 
of GDP) have declined because of factors such as technological change, 
stagnating wages, and aging in many countries. Aging reduces the remain-
ing years in the labor force for part of the population, hence the time over 
which future lifetime earnings are estimated.

Whereas in some high-income countries human capital as a share of 
total wealth is declining, in low-income and lower-middle-income coun-
tries the share of human capital wealth in total wealth is rapidly increasing. 
In low-income countries this share increased from 32 percent to 43 per-
cent over two decades, consistent with the growth path discussed earlier 
in which development occurs by increasing investment in human capital 
and produced capital. In lower-middle-income countries, it rose from 
44 percent to 52 percent. Many of these countries are experiencing a 
demographic transition and are reaping the benefits of the demographic 

BOX ES.4 using Human Capital data for Policy: A summary of the Companion volume

The new estimates of human capital wealth are a significant improvement over past estimates by the World Bank, 

where total wealth included a large unexplained residual called “intangible capital.” This residual, it turns out, consists 

for the most part of human capital. Since these new estimates of human capital wealth have important implications 

for wealth accounting and policy work, we prepared a companion volume—Human Capital and the Changing Wealth 

of Nations: Investing in People for Sustainable Development (Wodon, forthcoming)—specifically on human capital.

Apart from a more detailed description of the methodology for constructing estimates of human capital, the 

companion volume includes an analysis of human capital wealth along the life cycle. After introducing a simple 

framework for looking at investments across a person’s life, various chapters provide examples of how the data on 

human capital wealth can be used for simulations of the benefits from specific investments. One chapter focuses on 

investments in early childhood development, specifically considering the benefits that could be reaped from ending 

under-five stunting. Another chapter examines investments in basic education, showing that such investments tend 

to have high benefit-to-cost ratios. Still another chapter considers the transition to adulthood, using the issue of child 

marriage as an illustration to show how ending the practice could bring large benefits, specifically higher earnings 

in adulthood.

The companion volume also considers inequality in the wealth of nations, including inequality in human capital 

wealth. It compares the treatment of human capital in wealth accounting with that treatment in adjusted net savings. 

Finally, the volume provides examples of how estimates of human capital wealth can be used for country-level work.

The various chapters in the companion volume by no means cover all the ways in which the data on human 

capital can be used, but we hope they will encourage other researchers and policy analysts to apply the data to their 

own work. The new measures of human capital wealth provided in this book and in the companion volume are a 

powerful new resource for advocacy of investments in human capital as well as policy analysis.
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dividend as population growth rates are being reduced and the population 
is becoming better educated.

Globally, women account for just 38 percent of human capital wealth, 
versus 62 percent for men, because of lower earnings. In types of employ-
ment, the differences are even more striking. These lower earnings are likely 
due to multiple factors, including lower levels of pay, lower labor force par-
ticipation, and fewer average hours of work. Globally, the self-employed 
account for only 9 percent of human capital wealth, whereas employed 
workers account for 91 percent of that wealth. Global figures can be mis-
leading, however, simply because most human capital wealth is concentrated 
in upper-middle and high-income countries, so that these countries are more 
heavily weighted in global estimates. Figures ES.6 and ES.7 show the rela-
tionship between the share of human capital wealth attributed to men (both 
employed and self-employed) and that attributed to self-employed workers 
(both men and women) as a function of the level of human capital wealth 
achieved, which is highly correlated with GDP per capita.

Figure ES.6 shows a weak downward relationship between the share 
of human capital attributed to men and the level of human capital wealth. 
Countries with higher levels of human capital wealth have slightly higher 
shares of wealth attributed to women. However, there is also a lot of varia-
tion among countries. By contrast, the relationship between human capital 
wealth or economic development and the share of the wealth attributed 
to the self-employed is much stronger in figure ES.7. Self-employment is 

FIGURE ES.5 Annual Growth rates in Human Capital wealth Per Capita, 
1995–2014 (%)
percent
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much higher in countries with lower levels of human capital wealth. This 
finding was expected, given that many individuals in those countries are 
working in subsistence agriculture and very small businesses in the infor-
mal sector.

Achieving higher gender parity in earnings could generate large 
increases in wealth. Consider the case of gender differences in human 

FIGURE ES.6 male share in Human Capital wealth, 2014
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FIGURE ES.7 self-employed share in Human Capital wealth, 2014
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capital wealth. Assume for the sake of simplicity that the working-age 
 population is equally divided between men and women. Simple 
 calculations show that gender parity in earnings would increase global 
human capital wealth by 18 percent, with notably large potential gains in 
South Asia.

Another finding is that estimates of human capital wealth are highly 
correlated with GDP per capita (figure ES.8). The orders of magnitude are 
different, with human capital wealth per capita typically 7–10 times larger 
than GDP per capita. However, as expected, the two measures remain 
highly correlated.

Growth rates in human capital between countries appear to be con-
verging, with poorer countries catching up with richer countries. Are 
poorer countries catching up with richer ones through higher growth in 
human capital wealth per capita? It does seem to be the case as shown 
in figure ES.9, which displays levels of human capital wealth per capita 
in 1995 (on the horizontal axis) and in 2014 (on the vertical axis). For 
both men and women, most countries lie above the diagonal, suggesting 
that an overwhelming majority of countries increased human capital 
wealth per capita between 1995 and 2014. However, a few countries, 
below the diagonal, have lost ground, often because of a conflict or 
other shocks.

Higher growth in human capital wealth per capita in lower-income 
countries is confirmed by further analysis in the book, which also 
 suggests that demographic factors play an important role in these 
growth rates, pointing again to the importance of the demographic 
dividend. An example of the role of human capital in building wealth 
in Morocco is given in box ES.5 and explored in greater detail in 
 chapter 8 of the book.

FIGURE ES.8 Human Capital wealth Per Capita and GdP Per Capita
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FIGURE ES.9 Convergence in Human Capital wealth Per Capita, by Gender
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Organization of the Book

The book is divided into three parts. The first part presents the overall approach, trends in 
wealth accounts over the past two decades, and examples of how wealth accounting is used 
in policy assessments and analysis. The second part describes the new work on human capi-
tal and its uses for policy analysis. A companion volume goes into greater detail about 
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BOX ES.5 intangible Capital and diversification as the engine for 
development in morocco

As an example of the use of human capital data at the country level, this book includes a case study for Morocco. 

Morocco achieved strong growth in per capita wealth from 2005 to 2014, with notable gains in produced capital and 

the values of agricultural land and minerals. However, this growth masks relatively low levels of investment in human 

capital wealth, which may hold the country back from achieving upper-middle-income status. In 2014, 41 percent 

of Morocco’s total wealth was human capital, a share well below that of countries such as Tunisia (55 percent), 

Lebanon (65 percent), and Jordan (55 percent). As shown in table ES.6.1, this gap in human capital essentially 

explains why total wealth per capita in Morocco is well below the average for those three countries. 

In a 2014 speech, the King of Morocco highlighted the role of intangible capital—which consists in large part 

of human capital—in powering the country’s development. One of the factors leading to insufficient levels of wealth 

per capita in Morocco is the gap in human capital—and thereby in wealth—by gender. Women account for only 

about a fifth of total earnings and human capital in Morocco. If gender parity in earnings were achieved, human 

capital wealth in Morocco could increase by more than a third. In governance, another aspect of intangible capital, 

Morocco leads its North African peers on rule of law, but is less strong on political stability, voice, and accountability. 

Levels of trust also tend to be low. 

Reforms outlined in the government of Morocco’s 2040 strategy could make a significant difference. The 

strategy prioritizes not only macroeconomic reforms, but also human capital growth through education and labor 

market reforms as well as efforts to increase gender equality. Equally important will be institutional reforms to 

create a modern administration, to improve public investment and financial management, and to increase voice and 

accountability and access to information.

TABLE BES.6.1 wealth Per Capita in morocco and Comparator Countries
US$

Total 
Wealth

Produced 
Capital

Natural 
Capital

Human 
Capital

Net Foreign 
Assets

Individual countries

morocco (1) 40,488 13,616 12,372 16,490 –1,990

egypt, Arab rep. 38,470 5,605 11,229 22,591 –955

Jordan 49,287 17,577 8,876 27,312 –4,478

Lebanon 65,148 31,015 4,131 42,153 –12,151

tunisia 45,150 14,838 10,178 24,796 –4,662

spain 342,470 142,821 10,298 215,593 –26,241

upper middle income 112,798 28,527 18,960 65,742 –432

MENA-3 (Jordan-Lebanon-Tunisia)

Average for menA-3 (2) 53,195 21,143 7,728 31,420 –7,097

Morocco versus MENA-3

difference (2) – (1) 12,707 7,527 –4,643 14,930 –5,107

Source: World Bank calculations.
Note: Figures are in constant 2014 US dollars at market exchange rates. MENA = Middle East and North Africa.
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human capital and development. The last part of the book reports on new 
developments for natural capital that had been poorly measured in the 
past or not measured at all, and prospects for including them in future 
work on wealth accounts: air pollution, marine fisheries, and ecosystems 
and their services.

Summing Up

Great progress has been made in estimating wealth since the first volume 
of the wealth of nations was published in 2006. But much work remains to 
be done. The major innovation in this edition is the explicit estimation of 
human capital, with breakdowns by gender and type of employment. These 
estimates should be considered a first attempt at measuring human capital 
wealth within a coherent national accounts framework. Improvements to 
the methodology can, and will, be made in future work. But the available 
data can already inform policy. The companion volume to the Changing 
Wealth of Nations presents several such analyses and their policy implica-
tions for development.

Regarding natural capital, the measure of energy and mineral assets 
has greatly improved8; renewable natural capital, however, is still not fully 
represented in wealth accounts. Some important ecosystem services 
are certainly undervalued or omitted. Thus, our understanding of how 
 countries leverage natural capital—still the main asset for low-income 
countries—for sustainable development is not complete, and the market 
prices used to value these assets may provide misleading signals about the 
costs and benefits of land conversion. Renewable natural capital is a unique 
asset. If managed sustainably it can produce benefits in perpetuity. At 
 present, data about forests, for example, do not include information about 
forest condition, and degradation of forests has potentially serious impacts 
on the future well-being of countries and the planet. Natural capital is also 
subject to irreversible changes in natural systems and thresholds that 
may precipitate catastrophic events—but great uncertainties surround 
these factors. None of the uncertainty, including potential climate change 
impacts, is currently incorporated in the value of renewable natural 
capital.

Given these limitations, wealth accounts must be interpreted with 
some sensible caution. Changes in total wealth provide a measure of what 
economists call “weak” sustainability, that is, it assumes a high degree of 
substitution possibilities among different kinds of assets. Where assets are 
complements rather than substitutes, and where serious irreversibility is 
likely to occur, this assumption does not hold. For example, an increase in 
fishing vessels cannot compensate for heavily depleted fish stocks. We have 
seen that in some countries, the conversion of forestland to agricultural 
land did not reduce total wealth, but the impacts on sustainability are likely 
not fully captured. Wealth should be paired with biophysical measures of 
natural capital, particularly critical natural capital (natural capital that per-
forms important and irreplaceable functions), as well as measures of good 
governance and institutions needed for sound management of wealth.



THE CHANGING WEALTH OF NATIONS 201822

The wealth accounts provide a new lens for assessing economic per-
formance and sustainability, complementing traditional measures such as 
GDP. Sustainability into the 21st century depends not only on economic 
wealth but also on the strength of our institutions and governance to man-
age wealth productively and the integrity of our various forms of capital.

Notes

1. Balance sheet generally refers to a presentation of information about assets, lia-
bilities, and net worth in a specific format defined by a formal accounting frame-
work such as the System of National Accounts or business accounting 
frameworks. This book generally uses the terms wealth and assets synonymously 
but without the same presentation structure.

2. Urban land is a nonproduced asset in the System of National Accounts, but the 
book separates it from other nonproduced assets (natural capital) to focus on 
the other forms of natural capital.

3. Energy accounts only include fossil fuels at this time. When the text refers to 
energy, it means fossil fuel energy, unless otherwise stated.

4. Domestic financial assets do not add to national wealth because “assets + liabili-
ties” sum to zero. Nevertheless, it would be useful to have such information; 
unfortunately, data are not readily available for many countries.

5. This work builds on household survey–based estimates of human capital in a 
number of countries, as described in chapter 6.

6. Multifactor productivity may also be called total factor productivity. The terms are 
used interchangeably in the book.

7. Resource rent is the price of a natural resource in situ whose supply is fixed at a 
point in time, thus resulting in scarcity relative to demand. Markets for many 
natural resources in situ are missing or very limited, so there is no observed 
market price, or rent. The rent is incorporated in the market price of the resource 
only after it is extracted and sold, along with the costs of other inputs used for 
extraction. Rent is commonly measured as the difference between the market 
price of a resource and its costs of production.

8. Although some important resources are still not included because of a lack of 
data, notably platinum group minerals, diamonds, and other minerals, as well as 
renewable energy sources such as solar, hydropower, and wind.
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1
Estimating the Wealth of Nations

Glenn-Marie Lange and Quentin Wodon

Complementary Measures: GDP and National Wealth

Imagine a firm trying to raise capital to fund investments that will ensure 
its future growth and competitiveness. The firm only releases its annual 
income statement to potential investors, without disclosing its entire bal-
ance sheet. Or consider a potential homeowner applying for a real estate 
loan. The homeowner provides a bank with information on annual 
income, but not existing debts and assets. That firm and that homeowner 
are unlikely to obtain financing, simply because annual income state-
ments provide an incomplete assessment of the firm’s or homeowner’s 
financial health. The same is true for countries. The annual income state-
ment of a country—as summarized by its GDP or another similar 
measure— provides only a partial picture of the country’s economic 

Main Messages

• This third World Bank report on the wealth of nations provides new measures of 
the changing wealth of nations for 141 countries over the period 1995 to 2014.

• In a major departure from the earlier approach, comprehensive wealth is calcu-
lated by summing up estimates of each component of wealth: produced capital, 
natural capital, human capital, and net foreign assets. For the first time, we also are 
able to estimate human capital directly with estimates by type of employment 
(employed and self-employed) and by gender using household  surveys for all 
countries.
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health and potential for future growth. This is especially clear for resource-
rich countries, which could deplete their natural resources for short-term 
gains—increasing GDP per capita at the expense of long-term sustain-
ability and future growth.

To assess a country’s economic health, measures of annual economic 
activity such as GDP per capita need to be complemented with measures 
of the country’s asset base or wealth, noting that the asset base of coun-
tries is what enables them to generate future income. This volume, the 
third in a series of studies on the wealth of nations published by the 
World Bank, provides new measures of the changing wealth of nations 
and illustrates how these measures can inform policy. A key innovation in 
this volume is the estimation of countries’ human capital wealth using 
household surveys for 141 countries. A separate companion volume looks 
in more detail at human capital wealth accounts and their use for policy 
(Wodon, forthcoming).

Wealth accounts are an integral part of the System of National 
Accounts (SNA) (EC et al. 2009). The SNA provides the basis for mea-
suring national economic progress by governments, the private sector, 
international organizations, and many other stakeholders around the 
world. However, wealth accounts are not nearly as widely implemented 
as the measures of annual production and income, such as GDP. This 
might appear somewhat puzzling, since standard business accounting 
systems developed for the private sector include both an income state-
ment (revenues, costs, and so on), as well as a balance sheet (assets and 
liabilities).1

National wealth accounts have not yet been widely implemented by 
countries for two main reasons. First, the focus of the SNA and statistical 
offices on national production and income is largely the result of histori-
cal conditions. The idea of national economic accounts has been around 
for several centuries, but only came to be widely implemented after 
World War II in response to a combination of, first, serious social and 
political crises arising from the Great Depression and then the financing 
of World War II and, second, the development of Keynes’ macroeconomic 
theory that explained what needed to be done to counteract a depression. 
The theory addressed itself essentially to the short-term challenges of 
macroeconomic management, not long-term sustainability. National eco-
nomic accounts were developed as a tool for measuring the economy and 
informing macroeconomic policy, and were guided in part by the infor-
mation needs of this relatively short-term perspective (see, for example, 
Coyle 2015).

A second reason is related to the first. Because the primary focus was 
on the measurement of economic production and income, the develop-
ment of an internationally agreed-upon methodology and the collection of 
data needed to measure wealth were not given the same attention as mea-
sures of output and income. Agreement on measurement for some natural 
capital was only achieved in 2012 (UN et al. 2014). There is still no agree-
ment on the measurement of human capital, although methodologies for 
doing so have now been developed. The data requirements for construct-
ing comprehensive wealth accounts have also been a significant constraint. 
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For example, to measure human capital wealth, survey data on earnings 
for the labor force are needed. Although these data have long been avail-
able in developed countries, household and labor surveys have become 
systematically available in low- and lower-middle-income countries only 
relatively recently.

Today, the data required to make reasonable estimates of wealth and 
how it changes over time are available in many countries. The need to 
measure countries’ wealth—and the interest in such measurement—has 
spiked in recent years. The 2008 global economic crisis, which largely 
affected housing and financial assets, as well as the work of Thomas Piketty 
(2013), illustrate growing public concern over inequality not only of 
income, but also of wealth. More generally, there is increasing concern 
about the long-term environmental sustainability of the planet and the 
impact of environmental and climate conditions on the poor. These con-
cerns have led to new efforts to track natural capital and its connections 
with economic development. These efforts were instrumental in leading 
to the path-breaking extension of the SNA to record stocks and flows of 
natural capital in the System of Environmental-Economic Accounting 
(SEEA) (UN et al. 2012), which was adopted by the UN Statistical 
Commission in 2012.

Finally, wealth accounts can support the Sustainable Development 
Goals (SDGs), especially SDG 17, which aims to revitalize the global 
partnership for sustainable development. The final target of the entire 
SDGs is target 17.19: “By 2030, build on existing initiatives to develop 
measurements of progress on sustainable development that complement 
gross domestic product, and support statistical capacity-building in devel-
oping countries.” Currently, there is no agreed-upon macroeconomic indi-
cator of sustainability, but measures of a country’s change in wealth per 
capita over time can potentially help fill this void.

This book builds on these broader trends to show how wealth accounts 
can be implemented for a large number of countries. The book presents a 
wide range of examples and analyses—from global and regional trends to 
country case studies—to show how wealth accounts can deepen our under-
standing of development that is both sustainable and inclusive. This, in turn, 
can start to motivate a broader conversation about sustainable development 
to include wealth as well as income, or stocks as well as flows.

How We Measure Wealth

Measuring national wealth and changes in wealth is part of an ongoing 
effort by the World Bank to monitor the long-term economic well-being 
of nations. The Changing Wealth of Nations 2018 builds on two previous 
World Bank books—Where Is the Wealth of Nations? Measuring Capital for 
the 21st Century (World Bank 2006), and The Changing Wealth of Nations: 
Measuring Sustainable Development in the New Millennium (World Bank 
2011)—as well as on work on adjusted net saving that was started in the 
late 1990s and is published annually in the World Bank’s World Development 
Indicators.
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This volume introduces significant changes in methodology and data 
to improve the coverage and quality of wealth estimates. The main changes 
in methodology and data sources for this version of comprehensive wealth 
accounts (and a comparison with the earlier approach) are summarized in 
the annex to this chapter. Appendix A to this volume provides a more 
detailed technical explanation of methodology and data sources.

In a major departure from the earlier approach, comprehensive wealth 
in this volume is calculated by summing up estimates of each component 
of wealth: produced capital, natural capital, human capital, and net foreign 
assets. This method represents a shift from a “top-down” approach used in 
earlier estimates to a “bottom-up” approach, which is possible because 
human capital is now measured as an explicit component of the 
wealth accounts for each country. The World Bank has developed a unique 
global database of more than 1,500 household surveys, which provides the 
foundation for a first-of-its-kind global implementation of the well-known 
Jorgenson-Fraumeni lifetime earnings approach for human capital 
(Jorgenson and Fraumeni 1989, 1992a, 1992b). Drawing on work from 
the Penn World Table (Feenstra, Inklaar, and Timmer 2015), we also are 
able to estimate human capital for both employed and self-employed 
workers and by gender.

Wealth accounts are grounded in the framework of the SNA. The SNA 
measure of wealth is actually much narrower than what is presented here 
because the SNA asset boundary includes only produced assets, 
some natural resource assets, and net foreign assets. Although there has 
been experimentation with human capital, it is not yet part of the SNA 
national balance sheet. This volume reports wealth data for 141 countries 
for 1995 to 2014. (Because of space constraints, data in this book are 
reported at five-year intervals only. The dataset is available on the wealth 
accounting page of the World Bank website.) The wealth estimates are 
provided according to four asset classes:

• Produced capital and urban land—machinery, buildings, equipment, and 
residential and nonresidential urban land, measured at market prices.2 
For the sake of brevity, the abbreviated term produced capital is used in 
the volume to include both produced capital and urban land.

• Natural capital—energy3 (oil, gas, hard and soft coal) and minerals 
(10 categories), agricultural land (cropland and pastureland), forests 
(timber and some nontimber forest products), and protected areas. 
Natural capital is measured as the discounted sum of the value of rents 
generated over the lifetime of the asset.

• Human capital—the value of skills, experience, and effort by the work-
ing population over their lifetimes disaggregated by gender and 
employment status (employed, self-employed). Human capital is mea-
sured as the discounted value of earnings over a person’s lifetime.

• Net foreign assets—the sum of a country’s external assets and liabili-
ties;4 for example, foreign direct investment and reserve assets (for fur-
ther explanation, see Lane and Milesi-Ferretti 2007, 2017).
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Not all assets or countries are included in the wealth database. 
Additional assets could be included in the database in the future 
when the necessary data become available for a large number of 
countries (at least 100), are updated regularly to provide a time 
series, and are publicly available. These criteria set a rather high bar 
for some assets for which such data are not readily available. For some 
assets, such as produced capital and net foreign assets, the asset values 
used in this volume are directly available from other sources. The 
value of natural capital and human capital is estimated using data 
collected from a wide range of global sources, as described in appen-
dix A. Given the need to harmonize data across countries, these 
wealth accounts for any country are unlikely to be as accurate as the 
accounts that the country might construct itself using its own, more 
comprehensive data sources. The value added in this book lies in the 
provision of comparable measures of wealth for many countries, with 
countries included when data for the core set of assets are available 
or can be reasonably estimated.

The construction of the wealth accounts in this volume is guided by 
the concepts and methods of the SNA. While values for produced capital 
and net foreign assets are generally derived from widely used methods 
based on observed transactions for these assets, the value of natural capital 
and human capital must be estimated. The approach to asset valuation is 
based on the concept that the value of an asset should equal the discounted 
stream of expected net earnings (resource rents or wages) that it earns 
over its lifetime.

The SEEA guides estimates of natural capital. The SEEA is an 
extension of the SNA, uses consistent concepts and structure, and pro-
vides the basis for the estimates of the value of natural capital. No such 
standard yet exists for human capital, but a great deal of experimental 
work has been done on this topic based on the Jorgenson-Fraumeni 
approach, including some work by national statistical offices. To main-
tain consistency with the SNA, human capital estimates are restricted 
to earnings that are recorded in the SNA or that can be reasonably 
derived from data in a country’s SNA. Although the SNA includes 
unpaid household production of some goods, it excludes the produc-
tion by households of services for final consumption within the house-
hold, such as family care, meal preparation, or home repairs. Women 
provide a disproportionate share of this unpaid work (for example, 
Blackden and Wodon 2006). Because these services are excluded from 
the SNA, they are also excluded from the human capital estimates 
reported here.

Comprehensive wealth presently is measured at market exchange 
rates in constant 2014 US dollars. An alternative would be to value 
wealth accounts using purchasing power parities (PPP), which pro-
vide a better measure of the well-being derived from assets, just as 
GDP can be measured using both market exchange rates and PPP. This 
is a topic of great importance for future work and is explored further 
in box 1.1.
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Wealth, Adjusted Net Saving, and Sustainability

Income measures such as GDP can be understood as the annual produc-
tion generated by a country’s use of its asset base. Said differently, income 
is the annual return that a country derives from its wealth. Therefore, the 
key to increasing economic well-being in the future lies in building 
national wealth. This, in turn, requires savings to finance this investment, 
as well as good institutions and governance to make productive use of 

BOX 1.1 measuring wealth in Purchasing Power Parity terms

The wealth accounts presented in this book are valued at market exchange rates. 

For example, to value cropland, land rents are measured as the value of crops produced 

at local prices minus the economic cost of production (input costs including labor plus an 

assumed “normal” return on capital). The value of agricultural land then equals the present 

value of all the rents associated with agricultural production in local prices. This value is 

converted to US dollars using the market exchange rate (averaged over the year) between 

the local currency and US dollars. Although using market exchange rates is a practical way to 

put all asset values for different countries in a common unit for cross-country comparisons, 

the values may not necessarily capture well-being adequately.

To provide a better measure for comparison of well-being, an alternative would be to rely 

on “international dollars” at purchasing power parity (PPP). PPP-adjusted aggregate national 

accounting takes into account the purchasing power that a dollar has in a given economy. 

For example, table B1.1.1 compares GDP per capita for China in 2014 using both market 

exchange rates and PPP. The valuation using PPP is almost twice the valuation at market 

exchange rates.

PPP estimates are obtained from the International Comparison Program, a joint effort 

by the World Bank and its partners using regular surveys (the most recent being 2011) 

to measure the purchasing value of a dollar across countries at a highly detailed level of 

aggregation for the goods considered. PPP values for individual products and services are 

used to arrive at weighted aggregate PPP values for aggregate final demand and for GDP. 

Both market exchange rates and PPP have their uses, and, for example, countries’ GDPs are 

reported in both units. The use of PPP in addition to market exchange rates is currently under 

discussion for future editions of wealth accounts.

TABLE B1.1.1 Alternative measures of GdP Per Capita in China, 2014

Local currency (yuan renminbi) 47,203

us dollars at market exchange rates 7,684

international dollars at purchasing power parity 13,440

Source: World Development Indicators.
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assets. From a wealth accounting perspective, development can be viewed 
as a challenge of portfolio management, with countries deciding how 
much to save or consume each year, what assets to invest in, and how to 
make the most efficient use of their assets.

The wealth accounting approach provides two related sets of infor-
mation: comprehensive wealth accounts (a stock measure in total and 
per capita values), and adjusted net (genuine) saving (a flow measure). 
Adjusted net saving (ANS) is measured as gross national saving minus 
depreciation of produced capital, depletion of subsoil assets and timber 
resources, the cost of air pollution damage to human health, plus a credit 
for education expenditures. The rule for interpreting ANS is simple: if 
ANS as a percentage of gross national income (GNI) is negative, the 
country is consuming more than it is saving, which will undermine long-
term sustainability; if ANS is positive, it is adding to wealth and future 
well-being.

For countries with growing populations or aspirations to higher 
standards of living, maintaining wealth is not sufficient; per capita 
wealth must be growing, or at least not declining. Comprehensive 
wealth accounts show the value of various assets at a particular time 
and they can also be used to monitor whether per capita wealth is 
maintained or is increasing over time. This is a simple criterion for sus-
tainable, long-term growth. ANS provides a complementary indicator 
to help us understand some of the dynamics that drive the changes in 
wealth from one period to the next by capturing some of the important 
policy-induced dynamics.

Measured annually, ANS provides policy makers with immediate 
feedback about the direction of the economy and possible actions they 
may need to take to ensure long-term growth. Breaking down the com-
ponents of ANS makes it easy to discuss policy interventions that could 
improve a nation’s ANS, such as increasing the level of gross saving, 
improving the quality and maintenance of built capital to achieve a lon-
ger lifetime and enhance its resilience to reduce depreciation of fixed 
capital, increasing investment in education and innovation to boost 
human capital, optimizing use of natural capital (sustainable use of 
renewables and efficient extraction of nonrenewables), or improving air 
quality to reduce pollution damage costs.

Although ANS is a very useful concept, it is important to note that 
it does not correspond exactly to changes in wealth for reasons 
explained in box 1.2. Many factors affecting wealth are not included in 
ANS because of SNA conventions regarding saving and investment. 
This means that it is possible to observe negative (positive) ANS and 
an increase (decrease) in wealth, even if this is typically not the case for 
most countries. Given that much of the difference between ANS and 
changes in wealth result from exogenous factors, increased prudence in 
the government’s fiscal and investment management is warranted when 
ANS is observed to be negative even though wealth may be increasing. 
More generally, squandering existing wealth, especially exhaustible 
resources that can finance future investment, is never prudent. 
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BOX 1.2 savings and Changes in wealth

In economic theory, investment net of depreciation and depletion equals the change in 

wealth. As a result of both practical data limitations faced in measuring adjusted net saving 

(ANS), as well as accounting definitions for savings and investment in the System of National 

Accounts (SNA), this is not the case for this volume’s wealth accounts. A significant gap 

between ANS and the change in wealth may sometimes occur.

A number of factors affecting national wealth are currently omitted from ANS because 

of a lack of data (a weakness that could be corrected in the future). These factors include 

changes in the extent of agricultural land, as well as changes in the present value of earnings 

for the labor force (our measure of human capital) that need not reflect investments through 

the public budget in education (the measure used for ANS).

In addition, certain factors affecting national wealth are not included in saving and 

investment according to SNA conventions, but are part of changes in wealth:

New discoveries of subsoil assets, which are only added to the balance sheet, not ANS.

Some capital gains and losses from commodity price changes, which are included in wealth 

accounts when the GDP deflator is used to value an asset in constant prices.

Changes in technology, world prices, and management that affect the productivity of an 

asset, or the volume of resources that are now economically feasible to exploit.

• Improvements in extraction technology for energy and minerals can make extraction 

of previously uneconomic resources feasible, increasing the volume of resources 

and adding to wealth, but changes in technology may reduce the demand for other 

resources (for example, shale gas can reduce the demand for and value of coal 

resources, or cheaper renewable energy sources may reduce the demand for fossil 

fuel energy).

• Changes in world prices may increase the volume of resources, adding to wealth 

resources that were not previously profitable to exploit (a separate effect from capital 

gains and losses).

• Agricultural land will increase in value if a farmer switches to higher-value crops or 

changes to a technology that results in higher yields, or simply improves efficiency of 

management.

Policy changes may affect asset value; for example, trade policy, transport infrastructure, 

or environmental regulation may influence a country’s costs. Education, labor markets, 

and changes in the business environment may affect the opportunities for human capital 

and other assets. The effect would show up in higher returns and higher asset values in 

wealth accounts, but not in ANS.

Other exogenous impacts on assets such as civil unrest, natural disasters, or 

similar events.
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Negative ANS often suggests that opportunities to increase future 
well-being may be wasted for short-term gains.

The Role of Institutions, Governance, and Social Capital

Following the SNA, the wealth accounts presented here seek to measure 
productive assets and how they contribute to national income. Like the 
SNA, they do not attempt to provide a full measure of economic welfare. 
But country institutions, governance, and even what has been called social 
capital can influence how efficiently productive capital is used, the returns 
generated, and hence the value of an asset. These factors can vary over 
time within a country, or across countries even for an asset that is physi-
cally identical.

The work on human capital in China reported in The Changing Wealth 
of Nations (World Bank 2011), for example, shows a very rapid increase in 
urban human capital from the mid-1990s, in part because of the transition 
to a market-oriented economy that provided opportunities for much 
higher returns. A wide range of indicators are available with which to 
assess institutions, governance, and policy, such as the World Governance 
indicators or the Ease of Doing Business indicators. Several chapters 
explore this issue in greater detail, showing that sustainable development 
depends on a combination of accumulation of capital and sound political 
economy and macroeconomic policy.

Social capital is based on the idea that more cooperative behavior can 
facilitate economic activity and increase well-being. A widely accepted 
definition of social capital is that it constitutes “networks together with 
shared norms, values and understandings that facilitate co-operation 
within or among groups” (OECD 2001, 41). A broad literature has 
coalesced around “social trust” as a key indicator of social capital. Social 
trust is usually measured using a standard question in the World Values 
Survey: “Generally speaking, would you say that most people can be trusted 
or that you need to be very careful in dealing with people?” We have not 
yet been able to incorporate social trust in these analyses, as we have 
started to do for institutions and governance.

A Roadmap for the Book

This book is divided into three parts. The first part presents overall 
trends in wealth accounts over the past two decades. The second part 
describes new work on human capital, focusing on broad trends in human 
capital wealth and whether there is convergence between countries in 
this component of wealth as well as other factors affecting its growth. 
(A  companion volume goes into much greater detail about human capi-
tal and development, especially with regard to policy analysis [Wodon, 
forthcoming].) The last part of the report discusses new developments for 
increasing the coverage of natural capital accounting to include important 
assets that are currently not measured.
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Part 1. Global, Regional, and Country Perspectives on Wealth and 
Sustainable Development
The main goal of this volume is to broaden the measures used to assess 
economic progress by providing forward-looking indicators based on 
wealth, which is defined to encompass most productive assets. Chapter 2 
begins with the big picture, showing broad trends in wealth at the global 
level over the past two decades. The chapter explores how the volume and 
composition of wealth have changed over time for different income groups 
and takes a closer look at wealth in low- and middle-income countries by 
geographic region.

Resource-rich economies face unique development challenges to 
transform an exhaustible resource, such as oil, into assets that can 
continue to generate income and employment once the oil is gone. Oil rents 
provide essentially “free” revenue for financing development and moving 
a country onto a higher growth trajectory, but this jump can only be 
achieved with the right institutions and governance. Drawing on previous 
work (de la Briere et al. 2017; Gill et al. 2014), chapter 3 explores the rela-
tive success of several resource-rich African countries, combining the 
wealth accounting approach with a rapid assessment of political economy 
and fiscal policies.

Chapter 4 reviews new work by the Organisation for Economic 
Co-operation and Development (OECD) on total factor productivity or 
multifactor productivity (MFP),5 a standard analytic tool used by macro-
economists to assess long-term economic performance. MFP is typically 
based on the contribution to GDP growth of labor and fixed capital 
alone. Based on a new methodology proposed by the OECD (Brandt, 
Schreyer, and Zipperer 2017), this analysis shows how including natural 
capital along with fixed capital and human capital changes the measure 
of MFP.

Fossil fuel resources are a significant component of wealth for many 
countries, including many low-income countries. Chapter 5 explores 
the risks to the value of these assets faced by carbon-intensive nations 
from technological advances in alternative energy and wider adoption of 
climate policies.

Part 2. Human Capital and the Wealth of Nations: Global Estimates 
and Trends
Investing in human capital can be a springboard for diversification of 
national wealth and the economy, reducing the dependence on natural 
capital of many countries and the commodity-driven boom-and-bust 
cycles common to so many low- and middle-income countries. Previous 
work (World Bank 2011) shows that the accumulation of human capital 
has been a key factor in economic growth, sustainable development, and 
the reduction of poverty. Providing an explicit measure of human capital 
contributes greatly to making wealth accounts more useful for monitor-
ing progress and for policy analysis. Part 2 of the report examines human 
capital accounts in more detail.
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Chapter 6 provides the first-ever set of comparable estimates of 
human capital wealth based on household survey data for 141 countries 
over two decades, from 1995 to 2014. The measures of human capital 
wealth are essentially estimates of the present value of future wages and 
earnings for the labor force. In addition to countrywide estimates, esti-
mates of human capital wealth are provided by gender and type of employ-
ment. The human capital of the self-employed accounts for a large share 
of the total in many of the poorest countries where the agriculture sector 
and informal employment are significant.

Chapter 7 provides an analysis of some of the factors that may affect 
growth in human capital wealth on a per capita basis. Because human 
capital wealth measures can be disaggregated by gender, the analysis is 
conducted separately for men and women. The modeling approach fol-
lows similar work to test for convergence in economic growth, 
with an emphasis placed on demographic and labor market factors that 
may affect growth rates.

Chapter 8 is devoted to a case study of Morocco to address the role 
of intangible capital in powering the country’s development. Within the 
context of the Morocco 2040 strategy, the chapter combines the wealth 
accounting approach with a brief institutional assessment to discuss pri-
orities for growth and macroeconomic reforms, including areas such as 
education and labor markets to promote human capital growth, opportu-
nities to increase gender equality, and institutional reforms.

The estimates of human capital provided in this volume should be 
considered a first attempt at measuring human capital within a coherent 
national accounts framework. Future work should yield further improve-
ments to the methodology. But even with the data now available, analysis 
and simulations can be undertaken to inform policy. A companion volume 
to this study presents illustrations of such analyses and their policy impli-
cations for development (Wodon, forthcoming).

Part 3. New Developments in Measuring Natural Capital
The third part of the volume reports on three new developments for natu-
ral capital that had been poorly measured in the past or not measured at 
all and prospects for including them in future work on wealth accounts: air 
pollution, marine fisheries, and ecosystem services.

Chapter 9 reviews estimates of the impact of air pollution, specifically 
particulate matter with a diameter of less than 2.5 microns (PM2.5), on 
premature deaths, using new data from the Institute for Health Metrics 
and Evaluation. As a leading health risk, air pollution causes a loss of 
human capital and national wealth. This annual cost is captured explicitly 
within the framework of the ANS indicator, and implicitly in the annual 
survival rates used to calculate human capital.

Chapter 10 describes how fisheries accounts could be constructed 
for future versions of wealth accounts based on the pioneering work of 
the Institute for the Oceans and Fisheries at the University of British 
Columbia. This work identifies rents and subsidies for fisheries at the 
country level, including information on small-scale fisheries that is not 
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always fully reflected in data from the Food and Agriculture 
Organization (FAO). The present volume uses this information to 
identify where fisheries contribute to national wealth because they 
generate positive rents, and where they do not because they do not 
generate rents as currently managed. This is the first step in estimating 
fisheries wealth.

Chapter 11 reviews progress in measuring ecosystem services. One of 
the characteristics of renewable natural assets is that they often provide 
multiple services. Some of these can be measured reasonably well, for 
example, the timber produced by forests. But the value of other services—
such as soil retention services provided by forests or protection of coastal 
communities against natural hazards by mangroves and coral reefs—are 
often not included because of lack of information. The final chapter in this 
book reviews recent advances in estimating ecosystem services to identify 
which services are likely candidates for inclusion in future versions of the 
wealth accounts.

Summing Up and Future Research

The goal of this volume is to broaden the measures used to assess eco-
nomic progress by complementing indicators of current outcomes—such 
as GDP or GNI—with a forward-looking indicator, namely wealth and 
changes in wealth. To achieve this objective, this work constructs compre-
hensive wealth accounts and illustrates how they can provide information 
useful for policy.

Great progress has been made since the first version of the Wealth 
of Nations was published in 2006 (World Bank 2006). Asset and coun-
try coverage have increased and deepened. With a 20-year time series 
of country wealth accounts, the dynamics of wealth and development 
can now be examined in greater depth. The introduction of human 
capital accounts opens up a new avenue for understanding sustainabil-
ity. This volume presents insights into development issues that may 
not be new, but it grounds them in a comprehensive measurement of 
wealth that emphasizes by its very nature long-term sustainability in 
development.

Still, much work remains to be done. The measures of fossil fuel 
energy and mineral assets are reasonably sound,6 and their role in devel-
opment has been studied a great deal. Renewable natural capital, includ-
ing renewable energy, however, is still not adequately represented in 
wealth accounts. Renewable natural capital is a unique asset. If man-
aged sustainably, it can produce benefits in perpetuity. Some important 
ecosystem services are undervalued or omitted. As a consequence, 
our understanding of how countries leverage natural capital—the 
main asset for low-income countries—for development will require 
additional work.

At present, data on renewable natural capital are limited. For example, 
information about the extent of forest cover is available, but not about its 
condition. This is problematic for wealth as an indicator of sustainability 
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because degradation of forests has potentially serious impacts on the 
future well-being of countries and the planet. Natural capital also is sub-
ject to potentially irreversible thresholds in natural systems that may 
precipitate catastrophic events. Great uncertainties surround these 
issues. None of the uncertainty, including potential climate change 
impacts, is currently incorporated into the value of renewable natural 
capital.

There are also limitations in the estimates of human capital provided 
in this volume. The estimates are based on an analysis of household survey 
data that could be improved in the future with additional sensitivity 
analysis to test for the robustness of the estimates to methodological 
assumptions and choices. For example, one issue relates to modes of inter-
polation and extrapolation when countries have a limited number of 
comparable surveys with which to generate estimates. Another issue 
relates to the specifications used to estimate the impact of years of educa-
tion and experience on earnings in wage regressions, and whether to 
include additional controls in those regressions.

Given these various limitations, interpreting our wealth accounts as a 
measure of sustainability must still be approached with some sensible cau-
tion. In addition, beyond issues of estimation and comprehensiveness in 
the assets included in the measures of wealth, changes in total wealth over 
time provide us with only a measure of “weak” sustainability that implic-
itly assumes a high degree of substitution among different kinds of assets. 
In an aggregate wealth measure, whether wealth comes from natural, pro-
duced, or human capital does not make much difference. However, at the 
country level, the mix of wealth can make a difference for development 
prospects and exposure to various risks, and the interaction between vari-
ous components of wealth may be crucial.

New conceptual work will be needed to help countries develop and 
use wealth accounts. The role of social capital, institutions, and governance 
is explored only tangentially in this volume, and could be the topic of fur-
ther work. The development of better measures of investments in human 
capital is also needed to align these new measures of human capital in the 
wealth accounts with the current emphasis on public expenditure for edu-
cation in the ANS. Other future developments could include the use of 
PPP in addition to market exchange rates in constructing comparable 
wealth accounts across countries.

To conclude, this volume describes some of the main findings emerg-
ing from the new wealth accounts. The analysis and the abundance of 
data—which are available online on the wealth accounting page of the 
World Bank website—should generate new questions about develop-
ment, the dynamics of how countries accumulate wealth, and how to 
promote efficient and equitable use of wealth. Sustainability into the 
21st century will depend not only on our assets base, but also on the 
strength of our institutions and governance, and the integrity of our natu-
ral capital. This new volume sets the stage for addressing these issues in 
an integrated manner. Our hope is that it will help generate new research 
and insights for policy.
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Annex 1A: Changes in Methodology and Data Sources 
for the Wealth Accounts

The new wealth accounts database covers the period 1995–2014 for 
141 countries. It accounts for the following:

• Produced capital and urban land—buildings, structures, machinery and 
equipment, urban land

• Natural capital—oil, natural gas, hard coal, soft coal, bauxite, copper, 
gold, iron, lead, nickel, phosphate, silver, tin, zinc, cropland, pasture-
land, forest (timber and nontimber forest resources), protected areas

• Human capital

• Net foreign assets.

The Changing in the Wealth of Nations 2018 builds substantially on 
previous reports but with significant changes in methodology and data. 
These changes are the result of sector studies conducted in recent years 
and of discussions with experts to identify new, improved data sources 
and improvements to the underlying methodology. Major changes are 
summarized below; a detailed description of the changes is provided in 
appendix A.

Major changes to wealth estimates comprise the following:

• Total wealth in the new approach is calculated by summing up esti-
mates of each component of wealth: produced capital, natural capi-
tal, human capital, and net foreign assets. This represents a significant 
departure from past estimates, in which total wealth was estimated 
by (1) assuming that consumption is the return on total wealth and 
then (2) calculating back to total wealth from current sustainable 
consumption (see supplemental materials for previous Changing 
Wealth of Nations reports). In previous estimates, produced capital, 
natural capital, and net foreign assets were calculated directly, then 
subtracted from total wealth to obtain a residual.

The unexplained residual, called “intangible capital,” was 
largely attributed to human capital—see chapter 5 in World Bank 
(2011)—as well as to missing or mismeasured assets and possible 
effects of social capital. But the unexplained residual accounted 
for 50–85 percent of the total wealth indicator, making it a weak 
indicator for policy. This approach was taken because of the 
lack of data for directly measuring human capital. We now have a 
method and data for estimating human capital directly and will 
measure total wealth as the sum of each asset category.

The advantage of the earlier approach was that the residual 
included human capital, unmeasured assets, and the influence of 
institutions and governance on wealth. The disadvantage was that the 
various components of the residual could not be disentangled and it 
was calculated assuming the same return on assets in all countries.

• Produced capital: A new data source available from the Penn World 
Table group at the University of Groningen provides more detailed 
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information about the composition of produced capital for a larger 
number of countries, (1) allowing us to provide more accurate esti-
mates of the lifetime and depreciation of produced capital and (2) 
filling critical data gaps to provide a longer time series for a larger 
number of countries than in the past.

The Penn World Table follows the general guidance for national 
accounts regarding the lifetime of each type of produced capital asset. 
The lifetime for structures is 50 years, and varies between 5 and 8 years 
for other categories of produced capital. This is a major departure from 
the 25-year cap on the lifetime applied to every asset in the previous 
work on wealth accounts. The team also does additional gap-filling for 
a few countries using the approach from the 2006 and 2011 reports.

• Natural capital: Scoping studies to improve the benchmark data 
were conducted for subsoil assets, forest assets, and agricultural land. 
Recommended changes that were implemented include the following:

• Subsoil assets: The actual lifetime of reserves is used rather than 
the previous cap of 25 years for all energy and mineral resources. 
We use data obtained from commercial databases (Rystad Energy, 
Wood Mackenzie) for production, country- specific prices, regional 
rental rates, and proven reserves to develop new, more accurate 
country-specific resource rent estimates for oil, gas, and coal.

• Agricultural land: We use the FAO’s producer price to value out-
put (rather than its export unit values, used in earlier estimates) 
and continue to rely on the FAO for production data. We use 
new regional land rental rates for both crops and pastureland. 
We also remove the 25-year cap on the time horizon. The agri-
cultural land values indirectly affect the value of protected areas, 
which is estimated as the opportunity cost of the lowest-value 
agricultural land in a country.

• Forest: Given the continued reliance on the FAO’s export unit value 
for timber prices, the regional rental rates have been revised to 
account for the price differential between domestically consumed 
versus exported timber. For nontimber forest products and services, 
the 1995 per hectare estimates are replaced with updated values 
derived from a meta data analysis that includes nontimber forest 
products, hunting and fishing, recreation, and water services. The 
25-year cap on the time horizon is also removed.

• Human capital: Human capital in the past was not measured explicitly 
but included as part of the “residual,” accounting for 50–85 percent of 
total wealth in past estimates. We apply the well-known Jorgenson-
Fraumeni lifetime earnings approach to measuring human capital 
globally. We use a unique database developed by the World Bank, the 
International Income Distribution Database, which contains more than 
1,500 household surveys.

• Net foreign assets: This data set is compiled by the Research Department 
of the IMF and is used for the wealth accounts without any changes.
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Notes

1. And more recently, publicly traded companies in the extractive industries are 
required by the major international stock exchanges—on which many of 
these companies are listed—to include in their annual reports the value of 
their natural resources reserves and resources, the natural capital component 
of their balance sheets.

2. Urban land is a nonproduced asset in the SNA, but here it is separated from 
other nonproduced assets (natural capital) to focus on the other forms of natu-
ral capital.

3. Energy accounts only include fossil fuels at this time. Whenever the text refers 
to energy, it means fossil fuel energy, unless otherwise stated.

4. Domestic financial assets do not add to national wealth because assets and lia-
bilities sum to zero. It would be quite useful to have such information, but data 
are not readily available for many countries.

5. The terms have been used interchangeably.

6. Some important resources are still not included because of lack of data, notably 
platinum group minerals, diamonds, and others.
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Richer or Poorer? Global and 
Regional Trends in Wealth from 
1995 to 2014

Glenn-Marie Lange, Esther Naikal, and Quentin Wodon

Main Messages

• Global wealth—produced capital, natural capital, human capital, and net foreign 
assets—grew 66 percent from 1995 to reach $1,143 trillion in 2014, accompanied 
by a significant reduction in the concentration of wealth among high-income 
countries. Wealth is starting to be spread among a larger set of countries in the 
middle and at the top, but low-income countries are still lagging behind.

• At the global level and for most countries, human capital, measured as the net 
present value of lifetime earnings of the labor force, is the most important compo-
nent of wealth. But in low-income countries, natural capital constitutes the largest 
share of wealth (47 percent in 2014).

• An overwhelming majority of countries increased per capita wealth between 1995 
and 2014, with the fastest growth in  middle- income countries. Much of the 
 convergence in wealth is due to the accumulation of human capital, which has 
benefited from massive investments to improve education and health outcomes. 
But for 25 countries per capita wealth stagnated or declined. Sub-Saharan Africa 
as a whole has been affected by a decline in total wealth per capita, but the trend 
is mixed, with losses in a few large countries and gains in others.
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Introduction

This chapter tells the story of how the wealth of nations—the sum of pro-
duced capital, natural capital, human capital, and net foreign assets—has 
changed over the past two decades, from 1995 to 2014. It consists of two 
main parts. The first part discusses trends in wealth accumulation, while 
the second considers adjusted net saving (ANS), a concept that deepens 
our understanding of how wealth changes over time.

The chapter first looks at the global picture and assesses how wealth 
has evolved for the world as a whole as well as across income groups 
and geographic regions (see annex 2A for distribution of countries in the 
dataset). Then it discusses the contribution of the various sources of wealth 
to total wealth, showing how gains achieved over time were not necessar-
ily achieved through the same asset classes for countries at various levels 
of economic development. Within natural capital, the analysis considers 
the role played by both renewables and nonrenewables, particularly for 
low- and middle-income countries for which natural capital is such an 
important asset. The next section assesses whether wealth generation is 
converging across countries. Are levels of wealth per capita in low-income 
and lower-middle-income countries growing faster than in upper-middle 
and high-income countries? If so, which component of wealth—produced, 
natural, or human capital—accounts for this apparent convergence? 
The chapter then briefly discusses trends in wealth in the various regions 
of the world.

Finally, the discussion considers ANS. Although exogenous factors—
including the discovery of new mineral resources, commodity price 
swings, technological advances, and natural disasters such as droughts 
and floods—all matter for the wealth of nations, the accumulation of 
wealth is nevertheless strongly driven by endogenous factors, such as 
the policies and decisions that influence savings and investment as well 
as depreciation and depletion of capital. ANS captures important com-
ponents of the endogenous, policy-induced change in wealth, so this 
indicator is used to better understand the dynamics of building 
national wealth.

Trends in Global Wealth

Global wealth reached $1,143 trillion in 2014, growing 66 percent since 
1995 (table 2.1). On a per capita basis, average wealth grew from $128,921 
to $168,580, a real rate of growth of 1.3 percent per year. This is good 
news, since national income (or GDP) is generated from a country’s asset 
base. For wealth distribution, some trends observed over the past two 
decades are encouraging. Wealth is starting to spread to a larger set of 
countries in the middle and at the top (figure 2.1). As a group, low-income 
countries appear to be lagging behind, but this trend masks divergent ten-
dencies among these countries. Wealth increased substantially in many 
low-income countries, such as Cambodia, Ethiopia, Rwanda, and Sierra 
Leone, while it stagnated in a few large economies in this group, such as 
the Democratic Republic of Congo, Madagascar, and Tanzania.
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The increase in wealth has been accompanied by a significant reduc-
tion in the concentration of wealth among high-income countries. 
The wealth of middle-income countries, especially upper-middle-income 
countries, surged from 19 percent to 28 percent of global wealth, while 
the share of high-income Organisation for Economic Co-operation and 
Development (OECD) countries declined from 75 percent in 1995 to 
65 percent in 2014. However, wealth is still quite unevenly divided. 

TABLE 2.1 wealth and Population, by income Group, 1995–2014

Aggregate (billions)

Wealth (US$) Population (thousands)

1995 2000 2005 2010 2014 1995 2014

Low-income countries 3,616 3,731 4,194 5,552 7,161 311,706 525,385

Lower-middle-income 
countries 35,249 36,511 46,075 60,724 70,718 1,989,505 2,725,398

upper-middle-income 
countries 95,105 113,259 135,849 199,813 247,793 1,859,615 2,196,796

High-income non-oeCd 
countries 40,886 41,794 51,112 66,818 76,179 249,567 287,471

High-income oeCd 
countries 515,086 595,577 651,823 691,757 741,398 940,935 1,046,598

world 689,942 790,872 889,053 1,024,664 1,143,249 5,351,327 6,781,649

Percentage shares 1995 2000 2005 2010 2014 1995 2014

Low-income countries 1 1 1 1 1 6 8

Lower-middle-income 
countries 5 5 5 6 6 37 40

upper-middle-income 
countries 14 14 15 20 22 35 32

High-income non-oeCd 
countries 6 5 6 7 7 5 4

High-income oeCd 
countries 75 75 73 67 65 18 15

world 100 100 100 100 100 100 100

Per capita wealth (US$) 1995 2000 2005 2010 2014

Low-income countries 11,601 10,435 10,240 11,802 13,629 

Lower-middle-income 
countries 17,718 16,745 19,426 23,675 25,948 

upper-middle-income 
countries 51,142 57,623 66,224 93,811 112,798 

High-income non-oeCd 
countries 163,827 163,232 194,243 241,224 264,998 

High-income oeCd 
countries 547,419 614,791 653,078 672,866 708,389 

world 128,929 138,064 145,891 158,363 168,580 

Source: World Bank calculations.
Note: OECD = Organisation for Economic Co-operation and Development. Figures for wealth are in constant 2014 US dollars at market 
exchange rates.
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Low-income countries accounted for less than 1 percent of global wealth 
in 2014, about the same share as in 1995, even though their share of the 
world’s population grew from 6 percent to 8 percent. On average, an indi-
vidual in an OECD country was implicitly endowed with $708,389 in 
wealth at birth in 2014. For an individual born in a low-income country, 
the estimate was just $13,629. The ratio of per capita wealth between 
high-income OECD and low-income countries was 47 in 1995. It increased 
to 52 by 2014, an issue taken up later in this chapter.

Development and the Composition of Wealth
In the previous editions of The Wealth of Nations, intangible wealth—the 
wealth of countries not made up of produced, natural, or physical capital—
accounted for most of the countries’ wealth. This book shows for the first 
time that much of intangible wealth is actually human capital, estimated 
as the net present value of the population’s future labor earnings. Human 
capital turns out to be the most important component of wealth, even 
though its share in total wealth decreased from 69 percent in 1995 to 
64 percent in 2014 (table 2.2). After 2000, this decline in the share of 
human capital wealth was entirely due to upper-middle and high-income 
OECD countries, which together account for more than 80 percent of 
global wealth as well as most human capital wealth. The factors that led 
to this decline include the aging of the labor force (which reduces the 
remaining years of earnings) in many high-income OECD countries, 
as well as in China, which dominates the upper-middle-income coun-
try group, and declining wage shares in GDP, particularly in many 
high-income OECD countries (ILO 2015). By contrast, in low- and 

FIGURE 2.1 distribution of Global wealth, by income Group, 2014

Source: World Bank calculations.
Note: OECD = Organisation for Economic Co-operation and Development.
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lower-middle-income countries, which account for the majority of the 
world’s population, the share of human capital in total wealth is rising.

Trends in human capital wealth are explored in more detail in chapter 
6, both in overall terms and also by gender and type of employment. The 
data suggest that the share of human capital wealth accounted for by 
women is rising, albeit slowly and not in all countries. With regard to type 
of employment, wage workers account for the bulk of human capital 
wealth worldwide, but in many low-income countries, self-employment, 
notably in agriculture and the informal sector, accounts for the largest share 
and has not changed over time even as total human capital grew.

The other two major components of wealth are produced capital and 
natural capital. Both grew rapidly, increasing their shares of global wealth to 
27 percent and 9 percent, respectively. Natural capital increased its share 
from 8 percent to 9 percent, largely because of an increase in subsoil assets. 
Energy resources are the largest component of subsoil assets, but metal and 
mineral resources, starting at a low base, increased very rapidly.1 The value of 
renewable assets—agricultural land, forests, and protected areas—increased, 
but not fast enough to maintain the same share as in 1995 (6 percent, down 
to 5 percent in 2014). Finally, at the global level the value of net foreign 
assets—the last category of wealth in this accounting framework—in theory 
should balance to zero because every financial asset must have a matching 
liability. However, reporting is not complete, so there is a slight negative bal-
ance at the global level, estimated at less than 1 percent of total wealth.

There are important differences in the composition of wealth by income 
group (figure 2.2). As a “free gift from nature,” natural capital has been, 
 historically, the most abundant asset available to all countries at one point in 
their development, although the endowment has varied enormously 
among countries. At low incomes, economies are largely built around this 
relatively abundant asset, the proceeds of which are invested in the rela-
tively scarce assets—produced and human capital—to foster development. 

TABLE 2.2 Global wealth, by type of Asset, 1995 and 2014

1995 2014

Billion US$ Percent Billion US$ Percent

Produced capital 164,781 24 303,548 27

natural capital 52,457 8 107,427 9

 Forests and protected areas 14,515 2 18,290 2

 Agricultural land 25,859 4 39,890 3

 energy resources (fossil fuels) 11,087 2 39,094 3

 metals and minerals 997 <1 10,154 1

Human capital  475,594 69 736,854 64

net foreign assets −2,890 <1 −4,581 <1

total wealth 689,942 100 1,143,249 100

Source: World Bank calculations.
Note: Figures are in constant 2014 US dollars at market exchange rates.
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It is not surprising that, natural capital is the largest component of wealth in 
low-income countries, constituting 47 percent of wealth in 2014. By 
 contrast, in high-income OECD countries, human capital accounts for 
70 percent of total wealth, produced capital for 28 percent, and natural 
capital for only 3 percent.

Richer countries clearly have greater wealth per person than low-
income countries, but development and the composition of national 
wealth are strongly related. The share of natural capital gradually declines 
as countries graduate from low- to middle- and high-income status. The 
share of produced capital doubles, from 14 percent in low-income coun-
tries to 28 percent in high-income OECD countries, and human capital 
reaches 70 percent of wealth in high-income OECD countries—not by 
reducing the amount of natural capital but by adding more produced capi-
tal, especially human capital. This progression makes sense because econo-
mies can only move beyond subsistence production of food and shelter to 
manufacturing and services with the addition of human capital, infrastruc-
ture, and other produced capital. The exception is high-income non-OECD 
countries, dominated by the high-income oil and gas producers of the 
Middle East, where natural capital remains a large component of wealth.

But getting rich is not about liquidating natural capital to build other 
assets. Although the share of natural capital in high-income OECD 
countries is only 3 percent, their per capita value is three times that in 
low-income countries, $19,525 compared with $6,421 in 2014. 
Development is about more efficient use of natural capital, and its sus-
tainable management in the case of renewable natural capital, bringing 
to bear other assets to increase productivity, together with the strong 
institutions and policies that make investment attractive.

FIGURE 2.2 Composition of wealth, by income Group, 2014
percent

Source: World Bank calculations.
Note: OECD = Organisation for Economic Co-operation and Development.
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Net foreign assets are negative for all groups except high-income non-
OECD countries, reflecting the predominance of the oil producers as net 
creditors to the world (which is also why natural assets are substantial in 
those countries).

The human capital asset class contributed most to gains in wealth 
in all regions between 1995 and 2014 (figure 2.3). These gains are dis-
cussed further in chapter 6. This outcome is not surprising since devel-
opment goes hand in hand with a rapidly increasing share of human 
capital in wealth. As expected, in part because of differences in natural 
endowments, there is considerable variation in the accumulation of nat-
ural capital between countries. In high-income non-OECD countries, 
dominated by fossil fuel producers, gains in energy resources accounted 
for a very large share of total gains. But this variation was also observed 
in low- and middle-income countries as a result of increases in agricul-
tural land assets. Surprisingly, there was relatively little investment in 
produced capital in low-income countries, despite the need for massive 
infrastructure investment, which suggests unbalanced investment 
and may have contributed to these countries remaining low income. 
In other regions, produced capital investment contributed significantly 
to increasing wealth.

Regional Trends in Low- and Middle-Income Countries

This section closely examines trends in the 97 low- and middle-income 
countries in the data set, excluding the 44 high-income countries, which 
are structurally different. The analysis focuses on the per capital level of 

FIGURE 2.3 Contribution to Growth of wealth, by type of Asset, 1995–2014
percent

Source: World Bank calculations.
Note: OECD = Organisation for Economic Co-operation and Development.
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wealth, which is a better indicator of development than total national or 
regional wealth. As shown in table 2.3, when considering regions, the 
biggest story—not surprisingly—is the rapid growth observed in East 
Asia and Pacific and South Asia, in part because of the role played by 
China and India, the largest economies in these regions. Most other 
regions also benefited from gains in wealth per capita, but in Sub-Saharan 
Africa per capita wealth fell by 2 percent in part because of declines in 
some of the largest countries, such as Nigeria and Tanzania, where popu-
lation was also growing rapidly, and also because of slow growth in other 
large economies such as South Africa.

What about trends by region and asset class? Figure 2.4 shows that the 
share of human capital in total wealth declined in East Asia, in large part 
because of the aging of the labor force. In Sub-Saharan Africa, the share of 
natural capital declined, in part as a result of a decline in the value of agri-
cultural land, but also because of investments in education and growth of 
the labor force that led to a rising share of human capital. The large share 
of natural capital in the Middle East and North Africa reflects energy and 
mineral wealth; small increases in natural capital wealth in other regions 
are largely associated with energy and mineral wealth.

Given the importance of natural capital for low-income and middle-
income countries, this investigation takes a closer look at this asset and 
how it has changed over time. Natural capital can itself be disaggregated 
into nonrenewables (fossil fuel energy and minerals) and renewables (agri-
cultural land, forest, and protected areas), which pose quite different chal-
lenges for development (box 2.1). Some countries have met these 
challenges over time, while others have not. In 1995, 52 countries in our 
data set were classified as low income; 28 of these countries are now mid-
dle income. Of these 28 middle-income countries, the majority (23) were 
highly dependent on natural capital in 1995. More than half (15) were 
considered resource rich and managed their energy and mineral wealth to 

TABLE 2.3 trends in wealth Per Capita in Low- and middle-income Countries, by region, 
1995–2014
US$

1995 2000 2005 2010 2014
Annual 

growth (%)

east Asia and Pacific 31,261 37,507 44,097 71,423 91,581 5.8

europe and Central Asia 51,967 47,276 56,494 66,066 70,530 1.6

Latin America and the Caribbean 108,167 108,250 116,989 128,859 133,614 1.1

middle east and north Africa 24,973 27,263 34,790 46,548 48,495 3.6

south Asia 9,251 10,523 12,511 15,710 18,400 3.7

sub-saharan Africa 26,403 21,964 22,669 25,362 25,562 −0.2

All low- and middle-income countries 32,198 34,085 38,512 51,515 59,783 3.3

Source: World Bank calculations.
Note: The table includes 97 low- and middle-income countries out of the data set of 141 countries. Figures are in constant 2014 US dollars 
at market exchange rates.
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FIGURE 2.4 regional Composition of wealth, 1995 and 2014
percent

Source: World Bank calculations.
Note: The table includes 97 low- and middle-income countries.

0

10

20

30

40

50

60

70

1995 2014 1995 2014 1995 2014 1995 2014 1995 2014 1995 2014

East Asia and
Pacific

Europe and
Central Asia

Latin America and
the Caribbean

Middle East and
North Africa

South Asia Sub-Saharan 
Africa

Produced capital Natural capital Human capital

BOX 2.1 renewables, nonrenewables, and the Challenge of 
diversification

For countries dependent on nonrenewables, the development challenge is twofold: 

recover rents from usually private (often foreign) operations and invest rents to build 

other assets. The use of nonrenewables, by definition, is unsustainable, and these 

resources will eventually be depleted, but the income from these assets can be plowed 

back into other assets, especially infrastructure and human capital, to build an economy 

and support long-term growth. But nonrenewables often involve highly capital-intensive 

mining operations that do not generate many jobs or support livelihoods, and can result in 

factors that hinder development associated with the “resource curse.”

Revenue from nonrenewables can finance investments for sustainable wealth, but this 

process requires careful macroeconomic management and strong institutions, both of which 

are lacking in some countries. Countries such as the United Arab Emirates and Botswana 

have succeeded in using resource wealth for development. Of the 52 countries classified as 

low income in 1995, 28 used their natural capital effectively to build wealth and move into 

the middle-income group of countries. Of the 24 countries that have remained low income 

since 1995, 12 are classified as resource rich, and of those, 8 are also classified as fragile or 

conflict states. For these 24 countries, characterized by low rankings on various dimensions 

of institutions, governance, and policy by the World Governance Indicators, resource 

wealth alone has not been sufficient to ensure rapid development. The wealth accounts for 

Ghana and Niger, discussed in chapter 3—together with indicators of political economy 

and macroeconomic policy—demonstrate the complex interplay between resource wealth 

(continued on next page)



THE CHANGING WEALTH OF NATIONS 201852

build a broader set of assets, joining the middle-income group of countries. 
Another 8 countries, including India, Kenya, Pakistan, and Senegal, were 
heavily dependent on agricultural land and forests (renewable natural cap-
ital), and have now built larger and more diverse portfolios of assets, espe-
cially human capital, but also infrastructure and other produced capital.

Among the low- and middle-income countries (figure 2.5) natural 
capital as a share of wealth increased in three of six regions—Latin 
America and the Caribbean, Europe and Central Asia, and the Middle 
East and North Africa. In these regions, nonrenewables— particularly oil 
and coal—accounted for most of the increase, and the share of renewables 
declined. A closer look at each type of natural capital provides a better 
understanding of the role of renewables and nonrenewables in develop-
ment in these regions.

The share of renewable resources in total wealth declined as low- 
and middle-income countries built produced and human capital, but 
the total value of renewables more than doubled from 1994 to 2014. 
Progress was best for agricultural land and protected areas across most 
regions, but mixed for forests. In 1995, agricultural land was the most 
important asset after human capital in many countries in South Asia 
and Sub-Saharan Africa. In Nepal for example, natural capital—mostly 
agricultural land—accounted for 50 percent of total wealth in 1995 and 
remains a significant source of wealth in Nepal today.

Agricultural land value has gone up sharply in most countries, espe-
cially in Asia and Latin America. Although some of the gains are due to 
expansion of area under cultivation (table 2.4), especially in Latin America 
and Sub-Saharan Africa, increasing productivity in agriculture also con-
tributed to gains in land asset value. Despite growth in agricultural assets 
in Sub-Saharan Africa, growth did not keep pace with population growth 
in a large number of countries, and per capita agricultural land value 
declined (figure 2.6). These are countries where significant numbers of 
people rely on agriculture for livelihoods, such as Cote d’Ivoire, Nigeria, 
Tanzania, and Zambia. By contrast, significant gains were achieved in 
countries such as Ethiopia, Mozambique, Namibia, and Uganda.

and development. For example, Ghana, which invested in human capital, has managed the 

challenges more successfully than Niger.

Renewable natural capital is a unique asset. If managed sustainably, it can produce 

benefits in perpetuity, in contrast to nonrenewables. For countries that are highly dependent 

on renewable assets, long-term growth requires maintaining or improving the productivity 

of these natural resources and managing them sustainably. Substantial investments may 

be needed to improve agricultural yields, use scarce water resources more efficiently, 

or switch to higher-value crops. Increasing productivity may also require managing land 

for a different mix of goods and services over time. For example, a forest once managed 

primarily for timber may generate higher value and employment as an ecotourism resource 

or as a source of clean, sediment-free water for downstream hydroelectric power.

BOX 2.1 renewables, nonrenewables, and the Challenge of 
diversification (continued)



CHAPter 2 : r iCHer or Poorer? GLobAL And reGionAL trends in  weALtH From 1995 to 2014 53

FIGURE 2.5 shares of renewable and nonrenewable natural Capital in total wealth, by 
region,1995 and 2014
percent

Source: World Bank calculations.
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TABLE 2.4 Land Cover for Forest, Crops, Pasture, and Protected Areas in Low- and 
middle-income Countries, 1995 and 2014 

Forest, total area
(1,000 square kilometers)

Agricultural land area 
(1,000 square kilometers)

Protected areas
(1,000 square kilometers)

1995 2014
Percent 
change 1995 2014

Percent 
change 1995 2014

Percent 
change

east Asia and Pacific 4,082 4,360 7 7,379 7,469 1 1,944 2,440 26

europe and 
Central Asia 540 576 7 3,953 3,895 −1 165 318 92

Latin America and 
the Caribbean 8,978 8,313 −7 5,170 5,481 6 1,628 3,829 135

middle east and 
north Africa 74 84 14 798 809 1 30 279 831

south Asia 751 792 5 2,329 2,318 0 259 296 14

sub-saharan Africa 5,703 5,166 −9 7,523 8,082 7 2,289 3,261 42

All low- and middle- 
income countries 20,131 19,292 −4 27,156 28,057 3 6,317 10,424 65

Source: World Bank calculations based on Food and Agriculture Organization data for agricultural land and forestland, and International Union 
for Conservation of Nature data for protected areas as reported in World Bank 2017.

A positive development is the rapid increase in protected areas, which 
provide critical ecosystem services and, in some countries, provide the 
basis for valuable nature-based tourism. These areas have increased in all 
regions, both in extent and value. In low- and middle-income countries 
land in protected areas increased 65 percent, accounting for 17 percent of 
these countries’ total land in 2014, up from 10 percent in 1995.
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FIGURE 2.6 Change in Per Capita value of Forest and Agricultural Land, 1995 to 2014
percent

Source: World Bank calculations.
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But forestland area declined by 4 percent overall because of conver-
sion to agriculture and other land uses, notably in forest-rich Africa 
and Latin America. On a per capita basis, forest asset value declined 
 everywhere (figure 2.6). Of concern is the decline in forestland area 
(table 2.3), although the regional averages conceal significant variations 
across countries. In East Asia, for example, the reported gains in forest-
land area in countries such as China, the Philippines, Thailand, and 
Vietnam outweigh significant losses in Cambodia and Indonesia. The loss 
in forestland area was more widespread in Latin America (7 percent) and 
Sub-Saharan Africa (9 percent), where conversion to agriculture has 
become widespread.

The extensive loss of forestland can have significant, potentially irre-
versible impacts that are not fully accounted for in the wealth accounts—
for example, adverse impacts on water regulation, loss of protection from 
natural hazards, and reduced biodiversity and carbon storage.

By contrast with renewable resources, nonrenewable natural capital—
fossil fuels and minerals—offer a one-time chance to finance development 
by investing resource rents. Some countries have made good use of this 
opportunity, but others have not. The challenge of development for coun-
tries rich in energy and minerals has been well documented in the literature 
on the “resource curse.” Resource-rich economies face unique development 
challenges in transforming an exhaustible resource, such as oil, into assets 
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that can continue to generate income and employment once the oil is gone. 
Oil rents, for example, provide essentially “free” revenue for financing devel-
opment and moving a country onto a higher growth trajectory, but this 
objective can only be achieved with the right institutions and governance to 
capture the rents and invest them effectively in other, productive, assets 
(human capital, produced capital, renewable natural resource capital).

Fossil fuel energy—carbon-based wealth—grew faster than any other 
asset, but an endowment of energy and mineral resources alone may not 
ensure rapid development. Of the 24 countries that have remained low 
income since 1995, 12 are classified as resource rich; of those, 8 are also 
fragile or conflict states. Strong institutions and sound policies for manag-
ing resource revenues are essential to turn these riches into sustainable 
development. Adding to the management challenge, fossil fuel energy 
resources—carbon-based wealth—are increasingly at risk because of price 
uncertainty, advances in technology, and large-scale attempts at global 
decarbonization to slow climate change. These risks may diminish the 
value of carbon-based assets and undermine traditional development 
pathways for carbon-rich nations. The major energy producers of the 
Middle East, as well as countries such as Brazil, China, Mexico, and Russia, 
have greater resources to address these risks. But some smaller producers—
many of them low- and lower-middle-income countries in Africa—rely 
heavily on carbon wealth for development and have fewer resources with 
which to address the risks.

Convergence in the Wealth of Nations

Is there convergence in the growth of the wealth of nations on a per capita 
basis? Are comparatively poorer countries catching up with comparatively 
richer ones? To some extent, the answer depends on how we look at the 
data. Considering the averages for groups of countries defined by income 
level—with these averages heavily influenced by countries with large pop-
ulations, such as Ethiopia, Nigeria, India, or China—the data suggest that 
low-income countries and to some extent even lower-middle-income 
countries are falling behind. In part, this trend is due to higher population 
growth in some of those countries, which makes it more difficult to achieve 
gains in wealth per capita.

Between 1995 and 2014, global wealth grew by two-thirds (66 percent), 
but population grew by 27 percent, so that the net increase in per capita 
wealth was only 31 percent (figure 2.7 and map 2.1). Per capita wealth grew 
fastest in middle-income countries, raising their share of global wealth, but 
the largest growth in absolute terms occurred in upper-middle-income 
countries (at nearly 120 percent), in part because of China. Low-income 
countries increased their total wealth by nearly 100 percent—more than 
high-income OECD countries or the global average—but only by 17 percent 
on a per capita basis because population growth was highest in those 
countries (up 69 percent from 1995 to 2014).

In each income group, growth of per capita wealth varied greatly 
between countries (map 2.1). Per capita wealth changed very little, or 
actually fell, in 25 countries, particularly some of the low-income 
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MAP 2.1 Percent Growth in total wealth Per Capita, 1995–2014

Source: World Bank calculations.
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FIGURE 2.7 Changes in total wealth and Per Capita wealth, 1995 to 2014
percent

Source: World Bank calculations.
Note: OECD = Organisation for Economic Co-operation and Development.
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FIGURE 2.8 Convergence in the wealth of nations Per Capita, 
1995 and 2014
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Source: World Bank calculations.

countries in Sub-Saharan Africa, as well as in a few OECD countries 
affected after 2009 by the financial crisis. Although many countries in 
Sub-Saharan Africa invested as much as several other regions from 1995 
to 2014, in some of them the investment was not sufficient to keep up 
with relatively high population growth. Countries with similar or even less 
investment over the period still increased per capita wealth because of 
lower population growth rates. The “demographic dividend” of a rapidly 
growing, younger population can only be realized if investment is suffi-
cient to provide each potential new worker with the same (or more) 
human, natural, and produced capital. High population growth rates make 
meeting this goal more challenging.

However, if all countries are weighted equally, as is normally done 
when looking at convergence, the diagnostic is a bit different. Consider 
figure 2.8, which displays levels of wealth per capita for 141 countries 
estimated in 1995 and in 2014. Since estimates are in logarithms, the dif-
ference between values for 2014 and the diagonal for a country approxi-
mately represents (when estimates are not too large) the cumulative 
growth in total wealth per capita observed over two decades for that 
country. The diagonal across the scatterplot provides a simple illustration 
of the countries that have achieved gains in total wealth over time (above 
the diagonal) and those that have not (below the diagonal).

Two observations emerge from figure 2.8. First, most countries lie 
above the diagonal, suggesting that an overwhelming majority of countries 
benefited from an increase in wealth per capita between 1995 and 2014. 
This outcome is not surprising, given that levels of wealth per capita are 
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closely related to GDP per capita, and most countries experienced sub-
stantial economic growth over the past two decades. Second, the cumula-
tive growth rates in human capital tend to be slightly higher for countries 
with lower levels of initial wealth. Observations for countries with lower 
initial levels of wealth tend to be located farther away from the diagonal 
than for countries with higher levels of initial wealth. In other words, some 
level of convergence in wealth can be detected, with poorer countries 
catching up. Note that there is one clear outlier in the figure with a level 
of wealth per capita of about five in logarithm in 2014, versus about four 
in 1995. That country is Iraq, which had a dramatic increase in oil wealth 
over the period.

Since total wealth is estimated as the sum of produced, natural, and 
human capital (plus net foreign assets), all three main sources of wealth 
can be examined to assess which source appears to be responsible for the 
convergence observed in figure 2.8. In figure 2.9, initial levels of wealth 
(in logarithm) are displayed on the horizontal axes for all three types of 
capital. The vertical axes represent growth for each type of capital as 
approximated by the difference in values (in logarithm) between 1995 
and 2014. There is a clear declining slope for the regression line across the 
scatterplot for human capital, whereas the slopes are not so steep for 
produced and natural capital. This suggests that much of the convergence 
in wealth over the past two decades is largely due to human capital. 

FIGURE 2.9 Growth in the main Components of the wealth of nations, 
1995–2014
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FIGURE 2.9 Growth in the main Components of the wealth of nations, 
1995–2014 (continued)
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Investments to improve education and health outcomes were especially 
large in low- and lower-middle-income countries (see figure 2.3), for 
example, through the Education for All initiative. It is also interesting to 
note that dispersion around the central tendency is often smaller at higher 
levels of capital, at least for produced and human capital, suggesting that 
those countries are less sensitive to various types of shocks.

In the literature, testing for convergence is typically accomplished 
using econometric models of the growth in GDP per capita as a function 
of the initial level of GDP per capita, as well as a number of other variables 
that may have an effect on growth. The same types of models can be used 
to assess convergence in wealth per capita, as illustrated in chapter 7 for 
growth in human capital wealth per capita. Although not shown here 
because of space constraints, regression analysis suggests convergence in 
total wealth per capita did occur among countries from 1995 to 2014. 
Although encouraging, it will still take a very long time for poorer coun-
tries to catch up with richer ones.

Savings and Changes in National Wealth

The key to increasing standards of living lies in building national wealth, 
which requires savings to finance this investment as well as good institu-
tions and governance to make productive use of assets. The previous dis-
cussion looked at comprehensive wealth between 1995 and 2014; the 
chapter now examines some of the dynamics that drive changes in wealth 
from one period to the next. The most important dynamics, the endoge-
nous or policy-induced dynamics, savings, and investment, are captured 
by adjusted net (or genuine) saving (ANS), defined as gross national sav-
ing adjusted for the many of the annual changes in the volume of all 
forms of capital.

Comprehensive wealth shows the value of each asset at a particular 
time and can be used to monitor whether per capita wealth is maintained 
over time, a criterion for sustainable, long-term growth. ANS does not 
show how per capita wealth is changing, but does provide a complemen-
tary indicator to help in a deeper examination of the process of building 
wealth and how policy might influence each part of the process.

ANS is measured as gross national saving minus depreciation of 
produced capital, depletion of subsoil assets and timber resources, the 
cost of air pollution damage to human health, as well as a credit for 
education expenditures (see figure 2.10). Conceptually, ANS differs 
from changes in wealth over time because it does not include exogenous 
impacts on wealth from (1) changes in prices, which can be substantial 
for natural resources; (2) new discoveries of energy and mineral 
resources; or (3) other exogenous impacts such as the impact on pro-
duced and human capital of natural disasters, civil unrest, or other fac-
tors. Because of a lack of data, the current measure of ANS is also 
missing changes in agricultural land, an important asset. Other missing 
sources of capital are common to both comprehensive wealth and ANS, 
notably, water and fisheries. Current measures of ANS are not based on 
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changes in the value of human capital as measured in this book; instead, 
they are based on expenditure data from public spending on education. 
Still, although ANS does not correspond completely to changes in 
wealth, it is a complementary indicator that enables a more detailed 
look at policies that influence future wealth.

ANS is measured annually. It provides policy makers with immediate 
feedback about the direction of the economy and possible action they may 
need to take to ensure long-term growth. ANS provides a lower-bound 
warning indicator showing whether a country is consuming more wealth 
than it is adding. The rule for interpreting ANS is simple: If ANS as a 
percentage of gross national income (GNI) is negative, then a country is 
running down its capital stocks and possibly reducing future social welfare. 
If ANS is positive, then it is adding to wealth and future well-being. 
Breaking down the components of ANS makes it is easier to discuss policy 
interventions that could improve a nation’s ANS, such as increasing the 
level of gross saving, improving the quality and maintenance of built capi-
tal to achieve longer lifetimes and better resilience to reduce depreciation 
of fixed capital, increasing investment in education and innovation to 
increase human capital, optimizing the use of natural capital (sustainable 
use of renewables and efficient extraction of nonrenewables), or improv-
ing air quality to reduce pollution damage costs.

ANS can be a particularly useful indicator for resource-rich countries 
where, as mentioned earlier (box 2.1), transforming nonrenewable natu-
ral capital into other forms of wealth is a major development challenge. 
Figure 2.11 plots countries according to the importance of resource rents 

FIGURE 2.10 Procedure for estimating Adjusted net saving 
percentage of gross national income

Source: World Bank.
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in GNI and ANS. In many countries, subsoil asset depletion is offset by 
investment in other types of capital. But in countries with negative ANS, 
such as Angola and Guinea, natural capital is being depleted without 
being replaced, suggesting that these countries may be becoming poorer 
over time.

Looking at regional trends in ANS over the past two decades in 
figure 2.12, divergence is evident starting in the early 2000s. Average ANS 
in East Asia and South Asia showed strong gains, while Europe and 
Central Asia, Latin America and the Caribbean, and North America 

FIGURE 2.11 Adjusted net saving in resource-rich Countries, Average 2011–15
percentage of gross national income

Source: World Bank calculations.
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remained relatively stagnant. Sub-Saharan Africa stands out, with its 
ANS at a consistently lower level. It is also the only region with periods 
of negative levels (averaging −3 percent of GNI over the past decade), 
suggesting that its development policies are not yet sufficiently promot-
ing sustainable economic growth. Recall also that Sub-Saharan Africa was 
the only region with a decline in per capita wealth in the earlier analysis. 
A more detailed breakdown of trends in ANS for the various regions is 
provided in annex 2B.

Conclusion

This chapter provides a simple analysis of trends in the wealth of nations 
over the past two decades. Three main components of that wealth are 
identified: produced capital, natural capital, and human capital. Most 
countries have achieved substantial gains in wealth per capita, and there 
has been at least some level of convergence between middle-income and 
high-income countries, with countries with initially lower levels of wealth 
catching up with countries with higher initial endowments.

There are, however, important caveats to this promising story. Sub-
Saharan Africa as a whole has been affected by a decline in total wealth 
per capita from losses in a few large countries, as well as high rates of 
population growth in most countries that dilute the benefits from growth 

FIGURE 2.12 Adjusted net saving, by region, 1995–2015
percentage of gross national income

Source: World Bank calculations.
Note: There is a break for Middle East and North Africa because of a lack of data for many countries in the region for those years.

–10

–5

0

5

10

15

20

25

30

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

Ad
ju

st
ed

 n
et

 s
av

in
g

East Asia and Pacific Europe and Central Asia Latin America and Caribbean Middle East and North Africa

North America South Asia Sub-Saharan Africa



THE CHANGING WEALTH OF NATIONS 201864

in wealth. The challenge for Sub-Saharan Africa in the next decade will be 
to harness the benefits of the demographic dividend so that standards of 
living can rise more rapidly without depleting natural capital. Doing so 
will require substantial investments in all assets, especially in the human 
capital needed for growth.

This book is the first to provide measures of human capital wealth for 
141 countries using data for individuals from a large number of household 
surveys. One of the lessons from the analysis carried out in this chapter is 
the rising importance of human capital wealth. Whereas human capital 
wealth in upper-middle- and high-income countries has decreased slightly 
as a share of total wealth, in part because of aging and stagnating wages, it 
has been rapidly rising as a share of total wealth in low- and lower-middle-
income countries.

Annex 2A: Countries Classified by Income Group and Region

This edition of The Changing Wealth of Nations covers 141 countries for 
which data for all categories of assets could be estimated. Countries are 
classified by geographic region and income group. Per capita GNI is used 
to assign a country to an income group. The classification may change as 
GNI changes from year to year. For example, 52 countries were classified 
as low income in 1995, but only 28 were so classified in 2014. This book 
uses the country classifications for 2014 for the 141 countries in the data 
set; the distribution is shown in table 2A.1.

TABLE 2A.1 number of Countries in the wealth Accounting database, by region and 
income Group

Region
Low-income 

countries

Lower-
middle-
income 

countries

Upper-
middle-
income 

countries

High-income 
non-OECD 
countries

High-income 
OECD 

countries Total

east Asia and Pacific 1 6 4 1 3 15

europe and Central Asia 6 10 4 23 43

Latin America and the Caribbean 1 6 12 3 1 23

middle east and north Africa 5 4 7 16

north America 2 2

south Asia 1 4 1 6

sub-saharan Africa 21 10 5 36

total 24 37 36 15 29 141

Source: World Bank.
Note: Countries are included in the wealth accounting database only if they have full data coverage for years 1995 to 2014. 
OECD = Organisation for Economic Co-operation and Development.
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Annex 2B: Regional Trends in Adjusted Net Saving

This annex provides a more detailed breakdown of the components under-
lying ANS calculations for selected regions over time. East Asia and Pacific 
as well as South Asia sustained consistently high levels of gross saving, 
averaging 37 and 34 percent of GNI, respectively. Among the components 
of ANS, East Asia had much higher depreciation of fixed capital (because of 

FIGURE 2B.1 Adjusted net saving for east Asia and Pacific, 1995–2015
percentage of gross national income
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FIGURE 2B.2 Adjusted net saving for south Asia, 1995–2015
percentage of gross national income

–20

–10

0

10

20

30

40

50

Consumption of fixed capital Education expenditure Natural resource depletion

Pollution damage costs Gross national saving Adjusted net saving

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
06

20
07

20
08

20
09

20
05

20
10

20
11

20
12

20
13

20
14

20
15



THE CHANGING WEALTH OF NATIONS 201866

its larger stock of produced capital), while South Asia had higher pollution 
damage costs. The net result is higher average ANS in South Asia (21 percent 
of GNI) compared with East Asia and Pacific (17 percent of GNI). In con-
trast, Sub-Saharan Africa’s gross saving averaged a much lower 19 percent 
of GNI over the past 10 years. Because of its low starting point for savings, 
its ANS was below zero most of the time. With many resource-dependent 
countries, Sub-Saharan Africa’s average gross saving and investment in 

FIGURE 2B.3 Adjusted net saving for sub-saharan Africa, 1995–2015
percentage of gross national income
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FIGURE 2B.4 Adjusted net saving for Latin America and the Caribbean, 1995–2015
percentage of gross national income
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FIGURE 2B.5 Adjusted net saving for europe and Central Asia, 1995–2015
percentage of gross national income
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FIGURE 2B.6 Adjusted net saving for the middle east and north Africa, 1995–2015
percentage of gross national income
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education has not been enough to offset the depletion of its natural 
resources. On average, the region had the largest levels of net forest deple-
tion, energy depletion (excluding the Middle East and North Africa 
region), and mineral depletion.

Note

1. The estimates of natural wealth, including oil and gas, are for 2014, when oil 
prices peaked. The estimates therefore do not reflect the reduction in commod-
ity prices over the past three years and its impact on wealth

References 

ILO (International Labour Organization). 2015. Global Wage Report 2014/15: 
Wages and Income Inequality. Geneva: ILO.

World Bank. 2017. World Development Indicators 2017. Washington, DC: 
World Bank.



69

3
Wealth Accounts, Adjusted 
Net Saving, and Diversified 
Development in Resource-Rich 
African Countries

Kevin Carey, Hania Sahnoun, and Quentin Wodon

Main Messages

• This chapter documents the performance over the past two decades of Sub-
Saharan Africa countries, especially resource-rich countries, in using their natural 
resources to invest in creating wealth for sustainable development. Two different 
measures of wealth creation are used: (1) the changes provided in this volume on 
the wealth of nations, and (2) estimates of adjusted net saving (ANS), which pro-
vide a more detailed, but partial, indicator of changes in wealth.

• The data on ANS suggest that many countries in Africa are doing poorly in invest-
ing for the future. ANS is often low in comparison with levels observed in other 
regions. In resource-rich countries, the depletion of natural resources is often not 
compensated for by other investments.

• At the same time, negative ANS has not prevented many countries, including 
resource-rich countries, from accumulating more wealth and increasing their 
national income. This apparent paradox, introduced in chapter 2, is discussed in 
general terms, as well as with two brief illustrative case studies for Ghana and 
Niger.

• The conclusion from the analysis is that data on the wealth of nations do help 
enrich assessments of the development prospects of countries, thereby adding value 
compared with using ANS only.
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Introduction

The new Changing Wealth of Nations data appear at a time of uncertainty 
for many low- and middle-income resource-rich countries. Oil producers 
are especially affected, as discussed in greater detail in chapter 5. After a 
period of elevated oil prices during 2010–14, commodity prices for fossil 
fuels have plummeted, and it is unclear how much time will be needed 
for  prices to recover. Longer term, concerns about the impact of cli-
mate  change have increased, culminating in the first global agreement 
containing specific targets set in the Paris agreement reached at the 21st 
Conference of the Parties. These concerns may contribute to a shift to 
renewable energy, thereby potentially moderating future oil prices.

For resource-rich low- and middle-income countries that have linked 
their development aspirations to natural resources, current market signals 
have been discouraging. The vulnerability of these countries to commodity 
price shocks underscores the need to diversify their asset base, and specifi-
cally to invest in human and produced capital beyond a traditional reliance 
on natural capital.

The underlying assumption of the Changing Wealth of Nations is 
that assessing countries’ economic development through indicators 
such as GDP per capita is not sufficient. GDP measures a country’s total 
annual production. By contrast, a country’s wealth is a measure of the 
asset base that enables it to continue to produce income in the future. 
Resource-rich countries in particular run the risk that nonrenewable 
natural resources may be exploited for short-term gains in income with-
out compensating investments in produced and human capital to gener-
ate income in the future. Whereas GDP per capita is an indicator of 
standards of living and development today, wealth is a better indicator 
of the ability of countries to sustain their development and standards of 
living in the future. Both indicators are needed for a comprehensive 
assessment of a country’s level of development and prospects for future 
development.

The importance of developing a balanced portfolio of assets for 
resource-rich countries is widely recognized (see, for example, Gill 
et al. [2014] for Eurasia), but doing so is not easy. Attaining a balanced 
portfolio of assets is linked to intangible, but measurable, institutional 
capabilities in at least three critical areas: fiscal policy that is adapted to 
the volatility of rent flows from natural assets; effective delivery of 
social services, especially for education and health; and a business envi-
ronment conducive to competition, contestability, and investment. 
Faced with sharp declines in oil revenues and a lack of buffers, some 
countries may have little flexibility in the short term to reshape their 
development path. Still, some space is often available—whether 
through subsidy reform, domestic revenue mobilization, or prudent 
deficit financing—to take steps toward sustainability. In other words, 
countries can improve their policy frameworks to manage revenue vol-
atility and embed the principle of converting resource rents into other 
productive assets so that strategic development paths are enabled, but 
not dominated, by natural resources.
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This chapter documents the performance over the past two decades of 
Sub-Saharan Africa countries, especially resource-rich countries, in using 
their natural resources to create wealth for sustainable development. It com-
pares recent estimates of country wealth and ANS. The differences between 
ANS and changes in wealth are briefly discussed in chapters 1 and 2 and are 
reviewed here. The discussion compares results from the two measures—
wealth and ANS—to test whether the new data on the wealth of nations 
produced for this volume help enrich our understanding of the development 
path of countries and its sustainability. After a brief section on methodology, 
the chapter discusses trends in wealth and ANS for the region as a whole, 
then discusses in more detail the experiences of two countries in West Africa 
that have recently discovered new natural resources: Ghana and Niger.

Two Approaches to Measuring Investments 
and Sustainability

This book uses two approaches to assess whether countries are invest-
ing enough today for their future development. The first approach 
relies on ANS. ANS is a measure of gross national saving minus depre-
ciation of produced capital, depletion of natural capital, plus public 
expenditures for education (for a graphic depiction, see figure 3.1). A 
negative ANS suggests that a country is running down its capital stocks 
and thereby possibly reducing future social welfare; a positive ANS 
suggests that a country is adding to its wealth and thereby its future 
well-being. ANS measures the portion of national income that is not 
consumed by the private and public sectors, adjusted to reflect 
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investment in human capital, depreciation of fixed capital, resource 
depletion, and pollution damage costs. ANS is measured annually. It 
provides policy makers with immediate feedback about the direction 
of the economy and possible action they may need to take to ensure 
long-term growth.

The alternative approach looks at changes in the wealth of nations 
as measured in this book by summing up estimates of natural, pro-
duced, human capital, and net foreign assets. The procedures for esti-
mating the four types of capital are discussed extensively in chapters 1 
and 2, and a summary of the methodologies for each type of capital is 
provided in appendix A to this volume. Compared with previous esti-
mates in this series (World Bank 2006, 2011), estimates of human capi-
tal in this study were derived from household surveys for 141 countries. 
These estimates follow the approach suggested by Jorgensen and 
Fraumeni (1992a, 1992b), whereby human capital wealth is defined as 
the discounted value of future earnings for a country’s labor force.

Each approach has strengths and weaknesses. The two measures 
are compared in detail in chapters 1 and 2 (see box 1.2). By definition, 
ANS excludes capital gains. It also follows the System of National 
Accounts (EC et al. 2009) treatment of resource discoveries and reclas-
sification of resources as economically profitable resources—discover-
ies and reclassification of resources caused by changes in prices or 
technology are recorded in a country’s balance sheet, but are not con-
sidered part of gross national saving. However, additions to subsoil 
assets increase the lifetime of the asset and reduce the depletion share 
of rent in ANS. Information gaps also cause ANS to diverge from the 
change in total wealth. One informational issue is that ANS does not 
address improvements to or degradation of agricultural land, in part 
because not all changes are considered saving, but also because of a lack 
of global data given the difficulties in valuing degradation. Finally, the 
measure of human capital formation in ANS is not fully aligned with 
the estimate of human capital in current wealth accounts. Current 
public expenditure on education (the proxy for investment in human 
capital in ANS) is likely underestimating the changes over time in 
human capital when compared with the human capital component of 
wealth measures. On the other hand, human capital wealth measures 
are estimated with standard errors using household surveys, which may 
lead to some bias in estimates from one year to the next, whereas the 
risk of bias in reporting public spending for education is likely to be 
much less severe.

Because these two different approaches—ANS and changes in 
total wealth—are used in this chapter to assess investments made by 
Sub-Saharan African countries over the past two decades to diversify 
their assets base, conclusions may differ depending on which 
approach is used for the assessment. This possibility is illustrated and 
discussed below, first considering the Sub-Saharan Africa region as a 
whole, and next considering Ghana and Niger as illustrative exam-
ples of development paths for countries considered both resource 
rich and stable.
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Trends in ANS in Sub-Saharan Africa

This section considers trends in ANS for Sub-Saharan Africa as a whole. 
Figure 3.2 illustrates the trend in ANS for the region over the past 
20 years. In most years, ANS was negative, suggesting disinvestment. 
Gross national saving is estimated at slightly less than 20 percent of GNI 
in most years. About half of gross national saving is used for the con-
sumption of fixed assets (depreciation), with a similar negative contri-
bution (with some variation over the years) resulting from natural 
resource depletion. The losses from pollution are smaller, as is the posi-
tive contribution of spending for education. Clearly, natural resource 
depletion is one of the key drivers of negative ANS in the region.

How does Sub-Saharan Africa compare to other regions? Not favorably. 
For example, East Asia and Pacific, as well as South Asia, have achieved 
much higher levels of gross saving, at more than a third of GNI in both 
regions. After accounting for depreciation, natural resource depletion, pollu-
tion, and investments in education, both regions have positive ANS of about 
one-fifth of GNI. The fact that natural resource depletion is much lower in 
these regions helps in generating high positive ANS. In Latin America, ANS 
is smaller, but still substantial at about one-tenth of GNI over the years.

Within Sub-Saharan Africa, not all countries fare equally. Countries 
can be grouped according to whether they are resource rich, and 
according to whether resource-rich countries are fragile or affected by 
conflict (table 3.1). This classification may change with changes in the 
fragile or conflict status. For example, Côte d’Ivoire is no longer consid-
ered to be a fragile state, but it was affected by civil conflict for many 

FIGURE 3.2 trends in Adjusted net saving for sub-saharan Africa, 1995–2015
percentage of gross national income

Source: World Bank calculations.
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years over the period in review. Mali is now considered fragile, but was 
not affected by conflict for quite a few years.

Table 3.1 provides a simple typology of countries according to the 
above categorization and their levels of ANS. Countries are considered to 
have higher dissaving (negative saving) if ANS is less than 8 percent and 
higher saving if ANS is greater than 8 percent. The threshold of 8 percent 
is somewhat arbitrary, but conclusions would not fundamentally change 
with a slightly higher or lower threshold, and using this type of threshold 
helps illustrate and categorize countries. The middle category includes 
countries with ANS between −8 percent and 8 percent. This is by no 
means good performance in comparison with countries in other regions, 
but it helps identify some of the outliers—the countries with higher saving 
or dissaving in comparison with the average level of saving for the region 
(which, again, is low overall).

Table 3.1 includes 43 countries, slightly more than half of which 
(23 countries) are considered resource rich. Clearly, among resource-rich 
countries, the proportion of countries falling into the category of higher 
dissaving is higher than the proportion among non-resource-rich coun-
tries. This is not surprising: resource-rich countries tend to have negative 
saving because they have the ability to exploit their natural resources to 
increase current income, but at a cost to future development.

One of the issues leading to low ANS faced by many countries, but 
especially resource-rich countries, is the pressure for public spending. 
Typically, greater resource revenue can create a deficit bias and reduce 
public savings. Examples of spending pressures are energy subsidies, 

TABLE 3.1 typology of Countries and Average Adjusted net saving, 1990–2015

Higher dissaving
(less than −8%)

Some saving or dissaving
(−8% to 8%)

Higher saving
(greater than 8%)

Not resource-rich 
countries

burundi (−30.3)
the Gambia (−11.1)
malawi (−9.7)

benin (1.4)
burkina Faso (2.1)
Comoros (−2.1)
eritrea (4.0)
Guinea-bissau (−7.8)
Kenya (−5.7)
Lesotho (1.8)

mauritius (6.9)
rwanda (−0.2)
senegal (3.3)
swaziland (3.8)
uganda (−5.8)
south Africa (1.7)
Zimbabwe (7.9)

Cabo verde (18.8)
ethiopia (9.1)
namibia (10.3)

Resource-rich and 
stable countries

Angola (−67.8)
rep. of Congo (−49.3)
equatorial Guinea 
(−38.8)
Guinea (−8.1)

Cameroon (−1.4)
Ghana (0.8)
Gabon (−4.3)
mauritania (4.8)
mozambique (0.5)

niger (−0.8)
nigeria (−2.6)
tanzania (5.7)
Zambia (5.3)

botswana (28.5)

Resource-rich and 
fragile or conflict 
countries

Liberia (−8.2)
sierra Leone (−19.0)
sudan (−18.0)
togo (−11.0)

Central African rep. 
(3.6)
Chad (−3.8)

madagascar (1.3)
mali (2.7)

Côte d’ivoire (8.3)

Source: World Bank.
Note: Data are not available for a few countries, including for the Democratic Republic of Congo, São Tomé and Príncipe, Somalia, and 
South Sudan. For some countries, data are available only for selected years during the period 1990–2015.
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unproductive public sector jobs, and higher public sector wages. Most 
energy subsidies are not only inefficient, but also regressive in countries 
where the less wealthy do not own cars or have access to electricity. Public 
sector employment is typically large in resource-rich countries in the 
region. Evidence shows that pay increases for government employees given 
during a boom are almost impossible to reverse. More generally, spending 
that leads to increases in consumption is hard to reverse because habits are 
formed and political resistance is high. By contrast, fluctuations in invest-
ment are easier to manage.

The “curse” affecting resource-rich countries is not destiny for all such 
countries. For example, Botswana is often mentioned as an example of a 
resource-rich economy that has been highly successful in promoting long-
term growth and poverty reduction. It has successfully recovered and 
invested rents, including for building human capital. Although there have 
been challenges in diversifying the economy and building a business-
friendly environment to promote investment, Botswana’s sound macro-
economic policies have helped reduce short-term pressures to increase 
public spending inefficiently.

Comparing Adjusted Net Saving and Changes in Wealth

As measured by ANS, the region’s performance in investing for the future 
is not encouraging. Many countries, especially resource-rich countries, 
have negative ANS. This does not necessarily mean that changes in wealth 
for those countries also are negative. As mentioned earlier, the two 
approaches rely on different sets of assumptions. In addition, a peculiar 
feature of the estimation of human capital can lead countries with nega-
tive ANS to exhibit substantial gains in wealth.

Consider a hypothetical scenario in a resource-rich country where the 
government uses natural resource revenue to increase wages in the public 
sector. The increase in public sector wages may lead to a higher wage bill. 
Because estimates of human capital wealth are anchored in a country’s 
wage bill (as discussed in chapter 6), human capital wealth may appear to 
increase, even though in the long term the increase in public sector wages 
may not be sustainable. This could lead to a negative relationship between 
ANS and trends in wealth.

There are other scenarios in which negative ANS may be associ-
ated with positive changes in wealth. As highlighted in the example of 
Ghana below, structural changes in the economy may result in moving 
labor from low productivity agriculture to higher productivity ser-
vices and manufacturing in urban areas. The result would be higher 
values of human capital combined with no apparent increases in 
human capital investment.

New discoveries of natural resources may also be more likely in coun-
tries that already have natural resources. These new discoveries are not 
fully accounted for in ANS, but they are reflected in wealth estimates. This 
situation could again lead countries with negative ANS to post gains in 
wealth.
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Finally, a country’s measure of wealth is best presented as wealth per 
capita. Countries with natural resources may be richer, and further along 
the demographic transition, than countries without large natural resource 
bases. In that case, when considering changes in wealth per capita, higher 
demographic growth may penalize countries with few natural resources, 
while resource-rich countries find it easier to post gains in wealth per cap-
ita thanks to lower population growth.

For the subset of countries in table 3.1 for which estimates of 
wealth are available, figure 3.3 displays the relationship between aver-
age ANS from 1990 to 2014 and the change in wealth observed 
between 1995 and 2014. The change in wealth is measured as wealth 
per capita in 2014 divided by wealth per capita in 1995, so that a 
value of 1 implies no change in wealth per capita. Two important 
 findings emerge from figure 3.3. First, many—but not all—countries 
benefited from gains in wealth per capita over time, but the perfor-
mance of the region as a whole is not stellar. Second, there is a nega-
tive relationship between ANS and changes in wealth so that, on 
average, countries that had higher ANS also had slightly smaller gains 
in wealth per capita.

Should this be considered a saving grace for resource-rich countries? 
It could, since some of the countries with negative ANS still scored gains 
in wealth. One also could argue that with more sustained investments, 
these countries could probably have achieved even higher gains in wealth. 
Implicitly, the counterfactual should be different for countries depending 
on whether they are resource rich. Given resource-rich countries’ ability 
to invest more, the bar for gains in wealth that would be expected over 
time should probably be set higher. Still, figure 3.3 makes it clear that 

FIGURE 3.3 Adjusted net saving and Change in wealth

Source: World Bank calculations.
Note: GNI = gross national income.
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negative ANS does not necessarily imply losses in wealth per capita over 
time. The two measures can be thought of as complementary, in that they 
provide different insights.

Case Studies: Ghana and Niger

The remainder of this chapter focuses on the changing wealth and ANS 
patterns of two nations: Ghana and Niger. The objective is to assess 
whether data on the wealth of nations can be used together with ANS to 
provide a richer picture of a country’s investments and sustainability. 
Ghana and Niger were selected for brief case studies because they have 
fairly complete ANS and wealth data. They also present two very different 
contexts in level of economic development, natural resource base, con-
straints, and fiscal policy.

Ghana
Even before oil production began in 2011, and increasingly thereafter, 
Ghana found itself facing issues typical of middle- and low-income 
resource-rich countries. Between 2005 and 2014, Ghana saw its total 
wealth increase by 23.4 percent (or 2.4 percent annually). However, 
estimates of ANS suggest stresses on sustainability even in the midst 
of strong GDP growth (GDP tripled in real terms from 1995 to 
2014). ANS in Ghana was barely positive over the 25-year period 
from 1990 to 2014. But ANS turned negative in 2007, the year pre-
ceding the elections. Dissaving increased quite dramatically in 2008, 
the election year, and all through the oil boom. By the end of the oil 
price boom in 2014, Ghana was under severe fiscal constraints and 
requested a  bailout from the IMF. National saving had failed to offset 
consumption of fixed capital and resource depletion (related, in part, 
to land productivity) over the past decade.

As shown in table 3.2, ANS was already rather low in per capita 
terms between 1995 and 2005, but it shrank thereafter, turning to nega-
tive $189 in 2014. This is illustrated in the decline of ANS as a percentage 
of GNI from 5 percent in 2005 to negative 12 percent in 2014. Saving 
effort, measured in net terms, declined; when considering population 
growth, the decline is even more severe. The existing capital stock thus 
has to be shared with a new population cohort, a form of wealth dilution. 
This effect is captured in the measure of “population dilution/capita” in 
the table. Subtracting this dilution term from ANS per capita yields 
adjusted net saving with population adjustment (ANS-PA) per capita.1 
This is an indicator of potential future well-being. In Ghana, ANS-PA per 
capita has been consistently negative. The combined effects of insufficient 
saving (as measured by ANS) and a growing population lead to negative 
wealth creation per person using those measures. The data suggest that 
the negative ANS is mostly due to consumption of fixed capital without 
corresponding investments (before the discovery of oil, resource deple-
tion, mostly gold, was quite low). Notwithstanding new oil revenues and 
a massive increase in debt, capital expenditure as a percentage of GDP 



THE CHANGING WEALTH OF NATIONS 201878

declined from an average of 12 percent of GDP between 2004 and 2008 
to 4.8 percent in 2011.

At the same time, Ghana until very recently achieved high and sus-
tained growth and impressive poverty reduction. The nation’s economic 
growth rate has consistently outperformed its African peers since the 
early 1990s, bringing the country into lower-middle-income status. 
Growth and job creation were accompanied by rapid urbanization and a 
gradual structural transformation of the economy from agriculture to ser-
vices jobs, and to a lesser degree industry. The share of agriculture in value 
added fell from 36 percent in 1991 to 24 percent in 2012, while agricul-
tural employment fell from 61 percent to 43 percent over the same 
period. The share of services expanded from 36 percent to 48 percent 
between 1991 and 2005, and then remained constant. Since 1991, the 
population of Ghana’s two major cities, Accra and Kumasi, has more than 
doubled, for an additional 2.4 million inhabitants. Secondary cities also 
expanded significantly. More people now live in urban areas than rural 
areas, and the urban population is expected to increase from slightly more 
than 50 percent of the country’s inhabitants to 70 percent by 2050, with 
benefits for development.

In short, despite bouts of fiscal turmoil, in some cases related to the 
election cycle (see box 3.1), Ghana has made remarkable progress in 
increasing living standards and reducing poverty and deprivation along 
many dimensions. Extreme poverty was halved in the past two decades 
and the first Millennium Development Goal was met. By 2012, just 
one in five Ghanaians (21 percent) lived in poverty, and one in 10 
(10 percent) in extreme poverty (GSS 2014). Other social indicators—
such as life expectancy, child mortality, and hunger—are now near those 
of countries with higher average levels of income. Educational attainment 
also has increased.

TABLE 3.2 decomposition of Ghana’s Adjusted net saving Per Capita with Population 
Adjustment, 2005–14

1995 2000 2005 2010 2013 2014

Population growth rate (%) 2.6 2.4 2.6 2.5 2.4 2.4

Ans/capita ($) 39.5 42.3 55.6 −67.7 −164.3 −188.6

Population dilution/capita ($) 466.1 391.1 527.7 478.1 569.2 588.6

Ans-PA/capita ($) −426.6 −348.8 −472.1 −545.8 −733.5 −777.2

Ans/Gni (%) 4.4 4.4 5.0 −5.1 −10.1 −11.6

(Ans-PA/capita)/(Gni/capita) (%) −41.9 −45.9 −48.7

total wealth/capita ($) 18,294.0 16,514.1 20,292.7 18,991.5 23,738.6 25,044.2

GdP (billions, in constant 2010 
dollars) 14.9 18.4 23.5 32.2 43.0 44.8

Sources: World Bank calculations; World Bank 2017.
Note: Figures are in constant 2014 US dollars at market exchange rates. ANS = adjusted net saving; ANS-PA = adjusted net saving minus 
population adjustment; GDP = gross domestic product; GNI = gross national income.
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These various shifts have had positive implications for wealth accu-
mulation. As noted earlier, ANS excludes capital gains and new discoveries 
(oil was discovered in Ghana in 2007, with exploitation starting in 2011). 
ANS also may underestimate human capital formation, especially when 
economies benefit from positive structural changes that boost income lev-
els. Table 3.2 shows that wealth per capita increased over the period. 
In large part, this increase stemmed from gains in human capital, which 
increased by almost 80 percent between 2005 and 2014. Natural and pro-
duced capital also increased. The gains in wealth per capita in Ghana have 
been smaller than one might have expected—given recent gains in poverty 
reduction, better educational attainment, and higher wages—but they 
have been positive.

BOX 3.1 oil revenues, electoral Cycles, and Adjusted net saving 
in Ghana

Election cycles are critical to understanding trends in adjusted net saving (ANS) in 

Ghana. The fiscal expansion in the run-up to the December 2000 presidential and 

parliamentary elections launched a cycle of high inflation and currency depreciation 

that coincided with a sharp deterioration in the commodity terms of trade. In the span 

of one year, ending December 2000, the currency (the cedi) lost 50 percent of its value 

relative to the US dollar. The country’s gross international reserves were so depleted 

that they could only cover a month’s imports, and external payments arrears started 

building up.

The new government’s focus after the 2000 elections was to restore macroeconomic 

stability. The term of the “Kufor government” overlapped with adherence to an IMF program 

to obtain debt relief. Ghana operated under a quasi-fiscal rule during this period, introducing 

a major shift in macroeconomic policy away from expansionary fiscal policy and monetary 

accommodation and toward fiscal consolidation and monetary discipline. The central 

government budget was cast in a medium-term framework, and public finances were set 

on a fiscal consolidation course. These developments coincided with a period of mostly 

positive ANS.

The situation changed after 2007. The electoral races of 2008 and 2012, amid 

expected or newly available oil revenues, generated a situation in which the management of 

expectations was undermined by electoral promises. Higher expectations, in turn, generated 

spending pressures that could hardly be contained. Political consensus failed to materialize 

around sustainable fiscal management, weakening the nominal fiscal rules in place and the 

central bank’s independence. Procedures for forecasting oil revenues were also not isolated 

from upward political pressure (unlike, for example, in Chile). In the 2007–08 election cycle, 

inflation increased from 11 percent at the end of 2006 to 18 percent at the end of 2008, 

and the exchange rate depreciated by 20 percent. A subsequent correction was, in turn, 

overtaken in the 2012 election year when the budget deficit reached 11.3 percent of GDP, 

which is also the period when ANS turned sharply negative.
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These developments are encouraging, but some concerns remain 
for the future. The prospect of oil revenues may have led to a classic bias 
toward consumption rather than investment. Ghana’s growth model 
may have become increasingly dependent on natural resources—and 
more so since 2011, with the start of commercial oil production. Because 
the prospect of a windfall led to higher spending for public sector 
wages and employment, public investment was squeezed, with negative 
ANS estimates being a source of caution. At the same time, the country 
has so far avoided the potentially more debilitating effects of a natural 
resource cycle, and past accumulation of human capital in high-growth 
years has provided a buffer of wealth accumulation and future prospects 
for development.

Niger
Despite its large endowment of renewable resources compared with sub-
soil assets, Niger has relied heavily on oil and uranium assets to generate 
growth and savings over the years. The country has a long history of oil 
exploration dating back to the 1970s, but much like Ghana, Niger’s petro-
leum industry did not begin to develop substantially until 2011 with the 
opening of the Agadem oil field and the Soraz refinery near Zinder. With 
direct investment from China and France, new oil and uranium mining 
projects are being developed, transforming the country into a natural 
resources exporter. The new Azelik uranium mine, which is relatively 
small, began operating in 2011. An integrated oil project (including an oil 
field and a refinery) started in 2012. The new Imouraren uranium mine 
will begin production around 2019–20, when prices reach a level that 
would make the mine profitable (IMF 2015).

Natural resources contributed 12.3 percent of total GDP in 2013, and 
are projected to double their contribution to GDP by 2020, while total 
government revenue from natural resources is expected to increase by 
about 2 percent of GDP. In addition to its recent gains in minerals and 
mining endowments, Niger’s share of renewables in total wealth (agricul-
tural land, forest, and protected areas) is substantial as well and has grown 
over time. Both the area and value of protected areas have also gained 
significantly over the past two decades. These renewable assets are grow-
ing, but not as fast as nonrenewables.

Despite the pitfalls of newly available resource rents, ANS trended 
above zero from 2010 to 2014 (table 3.3). Niger has managed to shift 
its ANS from negative to positive territory in several years since 2005. 
ANS as a percentage of gross national income increased from −24 percent 
in 1995 to more than 7 percent in 2014. The combined efforts of sav-
ing, as measured by ANS, and fiscal restraint have improved the out-
look in recent years, even if total consumption expenditure (the 
difference between GDP and gross domestic saving) has increased at a 
sustained pace since 2011.

A major issue in Niger is the high rate of population growth, cur-
rently 3.9 percent per year. As shown in table 3.3, population growth 
leads to negative wealth creation per capita because of population 
 dilution. Fertility rates remain among the highest in the world, at 



CHAPter 3 : weALtH ACCounts, AdJusted net sAv inG 81

TABLE 3.3 decomposition of niger’s Adjusted net saving Per Capita with Population 
Adjustment, 2005–14

1995 2000 2005 2010 2013 2014

Population growth rate (%) 3.5 3.7 3.7 3.9 4.0 4.0

Ans/capita ($) −84.5 −46.6 0.3 29.1 30.4 ..

dilution/capita ($) 363.1 389.7 419.4 474.9 467.9 468.3

Ans-PA/capita ($) −447.6 −436.3 −419.1 −445.8 −437.5 ..

Ans/Gni (%) −24.3 −13.5 0.1 7.8 7.5 ..

(Ans-PA/capita)/(Gni/capita) (%)    −128.0 −119.5 ..

total wealth/capita ($) 10,346.4 10,656.7 11,345.3 12,244.1 11,644.5 11,622.7

GdP (billions, in constant 
2010 $) 3.2 3.7 4.4 5.7 6.9 7.4

Sources: World Bank calculations; World Bank 2017.
Note: Figures are in constant 2014 US dollars at market exchange rates. ANS = adjusted net saving; ANS-PA = adjusted net saving minus 
population adjustment; GDP = gross domestic product; GNI = gross national income.

7.6 children per woman, in part because women marry very early 
(three-quarters of women marry as children before age 18 years), 
and the use of modern contraception is very low. This population 
growth rate has also limited gains in total wealth, despite improve-
ments in other areas such as educational attainment.

In Ghana fiscal volatility coexisted with a broader trend of wealth 
accumulation; in Niger, however, the fiscal story is a more dominant part 
of the overall picture. The ANS trend suggests that natural resource rev-
enues have been largely invested or used to lower debt relative to 
the country’s income level and related wealth accounts in the past 
decade. The data suggest a strengthening trend in ANS, mostly as a result 
of the government’s commitment to fiscal consolidation.

However, similar to Ghana, the fiscal situation has deteriorated since 
2013 owing to rapidly increasing public investment spending, while 
domestic arrears have accumulated. Windfall resource revenues were 
directed at general public services and spending related to economic 
affairs (including agriculture, transport, and infrastructure), and social 
spending also increased. The central government’s fiscal deficit widened 
from 2.6 percent of GDP in 2013 to 9.1 percent of GDP in 2015, even 
though government revenue was rising. These widening deficits were 
accompanied by an accumulation of domestic arrears and rapid growth 
of domestic financing, notably through the issuance of bonds in the 
regional market.

As a result, Niger’s public and publicly guaranteed debt stock has 
risen sharply in recent years, reaching an estimated 47 percent of GDP 
in 2016, up from 27.2 percent in 2013. The debt is 70 percent exter-
nal and largely composed of concessional debt to multilateral creditors 
(54 percent). The good news is that this growth in debt reflects, in 
part, a scaling up of government borrowing to fund public investment 
in infrastructure (thereby expanding physical capital), including a 
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US$1 billion investment facility from the Export-Import Bank of 
China and the signing of a Chinese master facility agreement in 2013. 
Like Ghana, the overall picture for Niger is mixed, but for different 
reasons, including the role played by population growth in undermin-
ing the ability of the country to increase wealth per capita.

Conclusion

Resource-rich countries have an apparent advantage over other coun-
tries because they have a source of revenue with which to finance 
investment and development. Managing the windfall from resource 
rents poses well-known challenges for macroeconomic management, 
including the risk of “Dutch disease” and potentially volatile income 
streams. The development challenge for resource-rich countries is to 
capture and manage resource rents to the benefit of the domestic 
economy, with specific attention to investing in productive assets 
(produced and human capital) that will help generate income and jobs 
long after the natural resources are depleted. Energy and minerals are 
exhaustible natural resources. Eventually they will run out. But while 
the resources themselves are not sustainable, if the rents are captured 
and invested in other productive assets, they can help build an econ-
omy that will be sustainable. Resource-rich economies are often con-
cerned with diversification to reduce long-term dependence on a 
single source of potentially volatile income that will eventually be 
depleted. Investment of natural resource rents in produced and human 
capital can be a solution to this dilemma.

To assess whether resource-rich countries are indeed investing in 
their long-term development potential, two different measures can be 
used. The traditional approach has been to measure investments using 
ANS. An alternative is to rely on data from the wealth of nations to 
measure changes in wealth over time. Both measures have strengths 
and weaknesses. The ANS data suggest that many countries in Africa 
are doing poorly in investing for the future. ANS is often low com-
pared with levels observed in other regions. Especially for resource-
rich countries, the depletion of natural resources is often not 
compensated for by other investments. And yet many (albeit not all) 
of the same countries have still been able to accumulate wealth, as 
measured by estimates of produced, natural, and human capital. This 
chapter describes some of the reasons for this apparent paradox, both 
in general terms and through brief case studies for Ghana and Niger. 
Clearly, data on the wealth of nations appear useful for providing bet-
ter assessments of sustainability in comparison with the conclusions 
that can be reached when using ANS alone.

However, the warnings provided by negative ANS in many coun-
tries and in the region as a whole should not be ignored. Countries are 
better off in the long term with positive ANS. The measure remains 
very important, especially in resource-rich countries. It helps in advo-
cating for investments toward diversification to promote exports and 
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BOX 3.2 Principles of managing natural resource revenues: is a 
Fund enough?

At a nontechnical level, two macroeconomic criteria can be used to evaluate governance 

structures in natural resource revenue management: First, is procyclicality avoided? That 

is, is a country able to prevent the volatility in resource rents from being transmitted to the 

rest of the economy? Second, is the increase in the level of government spending financed 

by natural resources beyond the sustainable income flow from these natural resources? 

Underlying these criteria is a deeper principle that natural resource revenues should be 

converted into capital that will provide the foundation to sustain per capita income at a higher 

level following the depletion of the resources.

Some countries have translated these principles into the idea of having a natural 

resource or sovereign wealth fund. However, resource funds do not place formal direct 

restrictions on fiscal policy in the same way that fiscal rules may be able to. Fiscal rules and 

resource funds only coincide in cases of “financing” funds, which are funds that are linked 

to the implementation of a fiscal rule. The fund receives all resource revenue and finances 

the budget’s nonresource deficit by way of a reverse transfer. The objective is to finance the 

budget. The fund accumulates budget surpluses and finances budget deficits. Funds in Chile, 

Norway, and Timor-Leste are closest to this framework, as is Ghana’s fund—at least on 

paper. For many resource-rich countries, resource funds have been accumulating financial 

assets even as the overall fiscal policy stance has depleted national assets.

It also is important to consider time consistency. If a fiscal rule or operational rule 

requires some specific corrective action in the future, will that action actually be carried out 

when the time arrives? The credibility of any rule depends on some meaningful space to 

adjust as the rule becomes binding. For instance, maintaining commitments to a fund deposit 

clearly implies the necessity for fiscal space in stressed scenarios. Governments often find 

this difficult, or else make unwise cuts in capital investment and maintenance. Much of the 

evidence on sustainable fiscal consolidations suggests that the space needed for rules to work 

has to come from public sector compensation and noncontributory transfers and subsidies. 

If these cannot be cut, no rule will be time consistent. These few examples illustrate how 

difficult the management of natural resources is, but good management of these resources 

is clearly essential for resource-rich countries to adopt sustainable development paths.

sectoral growth outside the resource sector. But beyond calls for diver-
sification, investing in institutions and the conditions needed for an 
efficient private sector to flourish is important. These conditions 
include sound macroeconomic policies to create a stable economic 
environment for investment and business, investment in human capital, 
and building appropriate governance structures. As one example of 
such governance structures, box 3.2 provides a brief discussion of the 
role of sovereign funds in managing the windfall that natural resources 
provide.
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Note

1. In principle, the population adjustment factor could be positive or negative, 
depending on whether population is growing or declining.
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4
Expanding Measures of Productivity 
to Include Natural Capital

Kirk Hamilton

Main Messages

• Poverty reduction and increasing well-being are tied to gains in economic produc-
tivity—how efficiently a country produces goods and services for given inputs. 
Traditionally, economists measure productivity based on the contribution to gross 
domestic product (GDP) growth by only two factor inputs, stocks of labor and 
produced capital. After accounting for the growth in capital and labor, the unac-
counted share of GDP growth is termed multifactor productivity (MFP) growth. 
However, the traditional approach to measuring MFP growth ignores the contribu-
tion that natural resources make to production.

• This chapter extends recent research to look at a broader range of assets, in particu-
lar natural capital assets (agricultural land, minerals, and fossil fuel energy) and 
their impact on the measurement of MFP. The chapter shows that, depending on 
the relative growth rates of fixed capital and a composite measure of natural capi-
tal, MFP growth rate calculations that include natural capital as a production factor 
may be higher or lower than the traditional measure that excludes natural capital. 
The analysis points to the potential for major improvements in measuring MFP 
growth rates in resource-dependent developing countries. 
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Introduction

A key issue in economic analysis is the relationship between the inputs 
to production, typically fixed capital and labor, and the quantity of out-
put. At one level this is a question of measurement: Can the production 
process be decomposed to provide an understanding of the individual 
contributors to changes in output, particularly when the analysis is 
extended to include natural resources? At another level it raises funda-
mental questions about the efficiency of production: Does adding more 
labor and capital to production result in proportionate increases in out-
put, or is production  necessarily subject to diminishing marginal returns? 
As this chapter shows, excluding the contribution of natural resources to 
production has arguably biased the estimates of MFP growth to date.

Of course, no sensible economic model aims to maximize production. 
The general goal of economics is to maximize, or at least progressively 
increase, human well-being for the greatest number. But production 
provides the means to boost both well-being and investment in new pro-
ductive factors. The rate at which this can happen is of fundamental impor-
tance to the world’s poor, in particular the 767 million people (10.7 percent 
of the total) who live in extreme poverty, defined as income of less than 
US$1.90 a day.

Growth accounting—that is, decomposing growth in output into its 
constituent factors—is a key tool for assessing the efficiency of eco-
nomic production. Until recently a two-factor approach to decompos-
ing growth in output, counting only fixed capital and labor, has been the 
dominant approach, but the publication of wealth accounts by the 
World Bank—starting with Where Is the Wealth of Nations? Measuring 
Capital in the 21st Century (World Bank 2006)—has opened the door to 
a much more comprehensive approach to understanding the contribu-
tors to growth. In particular, an Organisation for Economic Co-operation 
and Development (OECD) study (Brandt, Schreyer, and Zipperer 
2017) uses the Bank’s data on the quantity and value of selected natural 
resource assets to explore the question of how a broader measurement 
of the factors of production influences the measures of the efficiency of 
economic production.

The goal of this chapter is to extend the work of the OECD to look 
at a broader range of assets, in particular the range of natural assets 
(agricultural land as well as subsoil minerals and fossil fuel energy) and 
their impact on the measurement of production efficiency. The chapter 
presents the first steps on a journey to more comprehensively assessing 
the factors underpinning growth in output.

In a world with fixed technology, the only way to increase production 
is to deploy more factor inputs to the production process. The Solow 
(1956) model of economic growth shows where this leads. Diminishing 
returns combined with fixed technology mean that the development path 
for the economy is one in which output per person approaches a long-
term steady state. Growth stops. In an unequal world, this process could 
imply that millions of people become trapped in extreme poverty.
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A careful accounting of the contributors to growth in economic pro-
duction, whether with two factors of production or many, typically 
shows that the growth in individual factors of production does not sum 
to the quantity of production observed, as measured by gross domestic 
product (GDP). In most countries, growth in GDP exceeds aggregate 
growth in factors of production. This is good news because it means that 
other, unmeasured factors are contributing to production. The growth in 
these unmeasured factors tracks the increase in the efficiency of eco-
nomic production. If economic policies can sustainably increase the effi-
ciency of production, then diminishing returns to factor inputs can be 
overcome.

The missing factor is generally termed multifactor productivity 
(MFP) in the economics literature.1 Although it is measured as a resid-
ual in growth accounting, we are not ignorant of its source. Intellectual 
property, or knowledge, must be a key component of the residual. 
Knowledge, in turn, leads to new technologies and better ways of man-
aging the assets we have. Another component is almost certainly insti-
tutional quality. Increasing the efficiency and effectiveness of 
institutions—such as an independent judiciary that can enforce the 
rule of law—is fundamental to any incentive to invest in the future, not 
to mention the protection of the rights that underpin well-being. 
Changes in the quality of factor inputs, as Jorgensen (1995) investi-
gated, are another potential contributor.

This chapter is fundamentally about measurement. It uses the latest 
comprehensive wealth accounts, updated to 2014, to assess the growth 
in MFP in selected resource-dependent economies. The next section 
reviews recent work by the OECD on the growth of MFP. This is fol-
lowed by a simplified presentation of how measurement of the MFP 
growth rate is carried out in the chapter. Empirical results and some 
reflection on the determinants of the results obtained follow the section 
on methodology. Finally, the concluding section considers the lessons 
learned and potential next steps in productivity measurement building 
on comprehensive wealth accounts.

Recent Work on MFP Growth by the OECD

The OECD has an ongoing work program on productivity measurement 
(OECD 2001) focused primarily on OECD member countries. Brandt, 
Schreyer, and Zipperer (2017) introduce an important innovation in this 
work by attempting to measure MFP growth both in traditional terms, 
such that the only factors of production considered are produced capital 
and labor, and in an expanded model in which exhaustible natural 
resources are also treated as factors of production.

To estimate the growth rate of multifactor productivity, Brandt, 
Schreyer, and Zipperer (2017) assume constant returns to scale in pro-
duction and zero economic profits (other than the resource rents that 
are used to bring resources into the MFP measurement framework).
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MFP growth rates are estimated for most OECD countries, but in 
two OECD countries—Chile and Mexico—the underlying data do not 
support detailed estimation of the rental value of produced capital. 
Therefore, in estimating MFP growth rates, Brandt, Schreyer, and 
Zipperer (2017) measure the rental value of produced capital as a resid-
ual, that is, the share of GDP left over after accounting for labor and 
natural resource rents. This approach is also applied to two non-OECD 
countries that are highly resource dependent: the Russian Federation 
and South Africa. Natural capital, based on World Bank data, is limited 
to minerals and fossil energy in their analysis. Their estimates of MFP 
growth rates with and without natural resources, averaged over 
1996–2008, are shown in table 4.1.

Brandt, Schreyer, and Zipperer (2017) note that average MFP growth 
is higher in these four countries when natural resources are taken into 
account, a result they attribute to higher growth rates of the traditional 
factors measured in MFP—capital and labor—compared with the growth 
rates for a composite measure of natural capital.

This work is an important step forward in the measurement of MFP 
growth rates based on a more comprehensive measure of national wealth. 
The next sections of this chapter present new estimates of MFP growth 
rates for a selection of oil and gas producers, extending Brandt, Schreyer, 
and Zipperer (2017) by including the rents from agricultural land in the 
analysis in addition to oil and gas rents.

Growth Accounting for Measuring MFP Growth

In any attempt to measure MFP growth, the starting point is to decompose 
the factors that drive GDP growth. In common with the OECD work, 

TABLE 4.1 mFP Average Annual Growth with and without Accounting for 
natural resources, selected Countries, 1996–2008
percent

MFP growth 
rate excluding 

natural 
resources

MFP growth 
rate including 

natural 
resources

Capital and 
labor composite 

growth rate

Natural 
capital 

growth rate

Share of 
resource rent 

in GDP

Chilea 0.90 1.10 5.07 4.18 6.63

mexico 0.97 1.09 2.81 0.84 3.73

russian 
Federation 2.21 2.50 3.16 2.12 13.32

south 
Africa 1.62 1.70 2.01 0.65 2.35

Sources: Brandt, Schreyer, and Zipperer 2017; natural resource data from World Bank 2011.
Note: GDP = gross domestic product; MFP = multifactor productivity.
a. Data for Chile are for 1997–2008.
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we assume that the elasticity of output with respect to factor inputs equals 
the share of the factor in GDP, and that the sum of these factor shares 
equals 1.2 We also assume that there are no economic profits in the econ-
omy, other than the rents on natural resources.

GDP Y equals the sum of the rental value of the different factors of 
production. For simplicity, assume that there are three factors: produced 
capital K, labor L, and natural resource N. The corresponding unit rents are 

denoted FK, FL, and FN, while the factor shares are given by F K
Y
K  for pro-

duced capital and the corresponding measures for labor and natural resources. 

By assumption the factor shares sum to 1, and as a result we can write3

 = × + × + ×
Y
Y

F K
Y

K
K

F L
Y

L
L

F N
Y

N
N

.K L N
� � � �

 (4.1)

The rate of growth of GDP is equal to the average of the growth rates 
of the factors of production weighted by the corresponding factor shares.4 
In the calculations that follow, it is important to note that all growth rates 
are measured in real terms: for GDP and produced capital, constant prices 
are used; for labor, the number of people employed is used; and for natural 
resources, physical quantities are used, drawn from the underlying World 
Bank natural resource accounting data.

When the decomposition of growth is carried out in practice, there 
are generally differences between the growth rate of GDP and the 
 factor-share-weighted sum of the growth in factor inputs. There are, in 
effect, missing factors that contribute to GDP and, as noted in the intro-
duction, some obvious candidates include technological change and 
changes in institutional quality. These missing factors constitute MFP. If 
we denote these factors collectively as A, we can measure the growth 
rate of MFP as
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Growth in MFP is measured as a residual in growth accounting. As such, it 
can be negative, which would signal a decline in the overall efficiency with 
which the economy uses factors of production.

The empirical estimates in the next section follow Brandt, Schreyer, 
and Zipperer (2017) in assuming that the rental value of produced capital 
equals the residual in GDP, after accounting for the rents of labor and 
natural resources. The assumption of constant returns to scale makes this 
straightforward to do in practice.

One important consequence of assuming that the rental value of 
produced capital is measured residually is that it becomes possible to 
determine whether introducing natural capital into MFP measurement 
will increase or decrease the estimates of the MFP growth rate compared 
with the traditional practice of treating only labor and produced capital 
as factors of production. As annex 4A shows, if the quantity of produced 
capital is growing faster than the weighted average of the quantities of 
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natural capital, where the weights are derived from the individual factor 
shares, then adding natural capital to the analysis will increase measured 
MFP relative to its traditional value. If the inequality runs the other 
way—natural capital in aggregate grows faster than produced capital—
then the revised measure of MFP growth, including natural capital, will 
be less than the traditional measure.

Empirical Applications to Selected Petroleum Producers

As a complement to the OECD work, this section compares the traditional 
measure of the MFP growth rate (excluding natural resources) to an 
analysis that includes oil and gas production as well as production from 
cropland and pastureland (table 4.2). These non-OECD countries 
were chosen on the basis of data availability and regional coverage. 
Whereas the area of agricultural land changes only very slowly, the 
quantities of oil and gas extracted vary widely over time in the selected 
countries.

Looking at the averages over time, the inclusion of natural resources as 
a factor of production increases the estimated rate of MFP growth for all 
countries except Bolivia and Kazakhstan. In Ecuador over 1996–2014 and 
Gabon over 1997–2014, a sign change can be seen between the two 
measures, with the inclusion of natural resources resulting in moderate to 
substantial increases in the measured growth rate of MFP.

For 2010 (when the oil price was still rising and economies had 
begun to recover from the recession of 2007–09), figure 4.1 plots the two 
estimates of MFP growth for the selected countries. MFP growth includ-
ing natural resources exceeds the measure excluding natural resources in 
the Arab Republic of Egypt, while the opposite is true for Oman. In 
Oman, the growth rate of natural resource use in 2010 was 6.4 percent, 

TABLE 4.2 mFP Growth rates, selected Petroleum Producers, 1996–2014
percent

MFP growth rate excluding natural resources MFP growth rate including natural resources

Average, 
1996–2014

Average, 
2004–2014 2010

Average, 
1996–2014

Average, 
2004–2014 2010

bolivia 0.96 1.52 4.88 0.74 1.18 4.49

ecuador −0.30 0.30 0.80 0.02 0.79 1.40

egypt, Arab rep. 2.11 1.27 1.11 2.45 1.72 1.54

Gabon −1.53 0.67 10.39 0.07 1.39 8.90

Kazakhstan 5.49 6.66 10.20 4.22 5.46 8.35

oman 0.77 −0.77 8.02 0.88 −0.18 2.47

Source: World Bank data.
Note: Averages are unweighted. MFP = multifactor productivity.
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FIGURE 4.1 Comparing mFP Growth measured excluding and including 
natural resources, selected Petroleum Producers, 2010
percent

Source: World Bank calculations.
Note: MFP = multifactor productivity.
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while the growth rate of produced capital was –8.4 percent; as shown in 
annex 4A, the result is that MFP growth excluding natural resources 
exceeds the MFP growth including natural resources. Conversely, in 
Egypt, the growth rate of natural resource use was 1.9 percent in 2010, 
compared with 4.3 percent growth for produced capital; as a conse-
quence, the growth rate of MFP including natural resources exceeds MFP 
growth excluding natural resources.

Figure 4.2 shows the year-by-year evolution of the two measures of 
MFP growth for Gabon over the period 1997–2014. An obvious conclusion 
is that the measures are extremely volatile, not surprising perhaps for a 
petroleum producer. The figure suggests that the measured MFP growth 
rate including natural resources is less volatile than the traditional measure 
that is limited to produced capital and labor. However, much more compre-
hensive analysis of results across countries would be needed to confirm this 
empirical finding.

This analysis for petroleum producers obviously just scratches the 
surface of measuring the MFP growth rate using more comprehensive 
measures of wealth. Other natural resources can clearly be brought 
into the analysis, including timber production and, data permitting, 
fisheries.
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Conclusions

The analysis in this chapter points to progress in measuring MFP growth 
rates in developing countries that are highly dependent on natural resources. 
As the analysis shows, in these countries in particular there is a consistent 
relationship between the growth rate of produced capital, which is the 
product of public and private investment decisions, and the growth rate of 
natural resource extraction. As established in annex 4A, MFP growth mea-
sured comprehensively is given a boost when the growth rate of produced 
capital exceeds that of composite natural capital exploitation. This is argu-
ably relevant to policy, because the Hartwick rule argues for investing nat-
ural resource rents in other types of capital, including produced assets, if 
well-being is to be preserved as the resource asset is depleted.

There is also an intriguing suggestion in the time series of MFP 
growth for Gabon that an inclusive measure of MFP growth that incor-
porates natural capital could be less volatile than the traditional measure 
of MFP growth. This finding points to a future research agenda, where 
these methods for estimating MFP growth would be applied to a much 
wider range of developing countries. It may also be that different types of 
developing countries will show consistent patterns in inclusively  measured 
MFP growth—for example, agriculture-dependent low-income countries 
compared with extractive resource exporters, or lower-middle-income 
countries where growth in industrial output has begun.

FIGURE 4.2 Gabon, mFP Growth rate with and without the inclusion of 
natural resources, 1997–2014
percent

Source: World Bank calculations.
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As noted in the introduction, MFP growth is one of the key 
 indicators used by economists to measure the efficiency with which 
the  economy is using its factors of production. Increasing efficiency is 
critical if the goal of policy is to increase well-being over the long term. 
There is a parallel here with wealth accounting, in which the underly-
ing theory tells us that increases in real wealth today lead to increases 
in future well-being. Underpinning the theory, however, is an assump-
tion that wealth is measured comprehensively. Comprehensive mea-
surement is a major challenge, however, particularly when it comes to 
such intangible factors as institutional quality and technological 
change.

Combining more comprehensive measurement of wealth—the sub-
ject matter of this book—with the estimation of MFP growth offers an 
expanded toolkit for measuring the determinants of increasing well-being 
for the long term. For too long the estimation of MFP growth has been 
limited to fixed capital and labor. Future work on bringing natural wealth 
into measures of economic efficiency offers the prospect of not just more 
comprehensive economic analysis but also more comprehensive policies 
to increase social welfare.

Annex 4A: Understanding How Including Natural Resources 
as Factors of Production Affects the MFP Calculation

Denote the factor shares of GDP for produced capital, labor, and natural 
resources as sK, sL, and sN, and the corresponding growth rates as gK, gL, and 
gN. Let gY be the growth rate of GDP, g A

NNR  be the growth rate of MFP 
calculated without taking natural resources into account, and g A

WNR  be the 
growth rate of MFP with natural resources taken into account.

Because the factor share of produced capital in GDP is calculated 
residually, in the case in which natural resources are not taken into account 
it follows that

 s s(1 ),k L= −  (4.3)

and if natural resources are taken into account we have

 s s s(1 ).k L N= − −  (4.4)

The formulas for the growth rates of MFP with and without natural 
resources can therefore be written as

 g g s g s g[(1 ) ].A
NNR

Y L K L L= − − +  (4.5)

 g g s s g s g s g[(1 ) ].A
WNR

Y L N K L L N N= − − − + +  (4.6)

Straightforward algebra therefore implies that

 g gA
WNR

A
NNR>  if g g .K N>  (4.7)



THE CHANGING WEALTH OF NATIONS 201894

THE CHANGING WEALTH OF NATIONS 201894

That is, the MFP growth rate including natural resources as a production 
factor exceeds the MFP growth rate excluding natural resources if 
 produced capital is growing at a rate greater than natural capital. This 
makes intuitive sense: the weighted average growth rate of the factors of 
production will decrease if the growth rate of produced capital exceeds 
that of natural resources because the factor share of produced capital has 
been reduced by the introduction of natural resources as a factor of 
production.

This result extends easily to the case in which there are two natural 
resources N1 and N2 with factor shares sN1

 and sN2
, and growth rates gN1 

and gN2 . Then MFP growth including both natural resources exceeds MFP 
growth without natural resources if

 >
+

× +
+

×












g
s

s s
g

s

s s
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N

N N
N
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N N
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1

1 2

1
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2
 (4.8)

That is, adding the two natural resources as factors of production will 
increase the MFP growth rate (relative to the case without natural  resources) 
if the growth rate of produced capital exceeds the weighted average growth 
rate of the two natural resources, where the weights are determined by the 
“within-class” factor shares of the two resources. The intuition for this result 
is exactly the same as for the case with one natural resource, and it is obvi-
ous that this result generalizes to more than two natural resources.

Notes

1. An older literature on this measure of economic efficiency termed it total factor 
productivity. The terms continue to be used interchangeably.

2. These characteristics would hold if the economy were based on a Cobb–Douglas 
production function with constant returns to scale.

3. A dot over a variable indicates an instantaneous change in the variable. As a 

result, Y
Y

�
 represents the rate of growth of GDP, in this case measured year over 

year.

4. For a more technical presentation of this result, see Brandt, Schreyer, and 
Zipperer (2017). We measure changes in quantities in the current period with 
reference to the quantity in the preceding period, so the decomposition is effec-
tively a Laspeyres index.
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5
The Carbon Wealth of Nations: 
From Rents to Risks

James Cust and David Manley

Introduction

Mitigating climate change is an enormous challenge and will require 
ingenuity, funds, and possibly some luck. But, for countries that rely on 
the production of oil, gas, and coal to generate economic growth and 
fulfill development targets, the challenge is compounded by a possible 
future without fossil fuels.

Main Messages

• Carbon wealth—measured as fossil fuel resources—has been a source of prosperity 
for many countries, but advances in technology that make renewables more com-
petitive and broadening climate policies may diminish the value of carbon assets 
and undermine traditional development pathways for carbon-rich nations.

• Carbon-rich nations face four challenges: (1) the value of their carbon assets may 
diminish, (2) they cannot easily monetize their carbon wealth, (3) they face eco-
nomic and political pressures that may increase their exposure, and (4) the record 
of countries using their fossil fuel wealth to diversify their asset base has been poor. 
In some cases, fossil fuel resources have been a curse.

• This chapter discusses policies countries might consider to mitigate these risks, 
such as a focus on diversification while avoiding increased carbon risk via  fossil- 
fuel-linked industries, skills, and infrastructure. Shifting away from carbon risk by 
diversifying the economy and the asset base of a country appears to be the ulti-
mate solution, but has so far proven particularly challenging.
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Fossil fuels make up only 3.4 percent of total assets in the world, 
equivalent to US$39 trillion in 2014. Yet a significant group of countries 
rely heavily on the production and export of these fuels to fund their 
governments and propel their economic growth. Many middle-income 
countries, for example, hold significant oil wealth. In some high-income 
countries that are not members of the Organisation for Economic 
Co-operation and Development, including some oil-rich Middle Eastern 
states, fossil fuel wealth constitutes nearly one-third of their total stock 
of wealth. Lower-middle-income and upper- middle-income countries 
hold significant wealth in fossil fuels—6 percent and 4 percent, respec-
tively, of their wealth. These shares are much greater than those at the 
very bottom of the income ladder, in part because fossil fuel wealth, 
once discovered, can push poor countries into higher income brackets, 
and other low-income countries have made major fossil fuel discoveries 
only recently.

Countries rich in fossil fuels are also relatively concentrated geo-
graphically. East Asia and Pacific countries hold only 2 percent of their 
wealth in oil, gas, and coal. However, fossil fuels constitute 40 percent 
of wealth in the Middle East and North Africa, and almost 9 percent in 
Sub-Saharan Africa.

Carbon-rich countries face several challenges. Some of these are 
well known, such as the so-called resource curse (Barma et al. 2012; 
van der Ploeg 2011), whereas others are emerging risks linked to the 
carbon content of their natural wealth (Manley, Cust, and Cecchinato 
2016). To realize the benefits of this wealth, carbon-rich nations should 
follow three steps. First, countries should maximize the revenues from 
fossil fuels through efficient extraction. Second, because fossil fuels are 
a depleting, nonrenewable resource, countries should convert some 
portion of the resource rents into productive assets such as infrastruc-
ture or human capital (following the Hartwick rule).1 This process 
ensures that the total stock of wealth of the country—both fossil fuels 
in the ground and productive assets aboveground—does not diminish 
over time. Finally, countries are encouraged to invest in assets that 
diversify their economies. Doing so helps protect countries from 
resource price volatility, a scourge of resource-rich countries and a 
 factor attributed to the resource curse.

This pathway has been a challenge for most developing countries; few 
have much beyond the fossil fuel resource sector to show for the billions 
of dollars of resources they have depleted in recent decades (Venables 
2016; Warner 2015).

Aside from the resource curse, new carbon-related risks are begin-
ning to emerge that will test these carbon-rich nations. The fossil-fuel- 
consuming economies of the world may be decarbonizing. A condition 
that would support this is if growth of gross domestic product (GDP) 
can decouple from energy demand, with policies pushing a greater 
share of energy to be supplied by renewable sources. If these poli-
cies and  innovations decarbonize the global economy, the demand for 
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oil, gas, and coal may fall—and the value of extracting these resources 
will diminish.

This chapter presents new data on the carbon wealth of nations and 
explores some of the challenges and opportunities such wealth presents. 
It discusses the specific challenges posed by climate change and what 
 carbon-rich nations may do to minimize the risks of diminishing value of 
their natural capital.

Carbon Wealth of Nations

Carbon wealth—oil, gas, and coal—is a key contributor to greenhouse gas 
emissions and climate change induced by human activity. According to the 
International Energy Agency (IEA 2017), meeting the goal of keeping the 
rise in global ground temperature to less than 2° Celsius by 2050 requires 
leaving 80 percent of coal deposits, 50 percent of oil reserves, and 40 per-
cent of gas reserves in the ground. In other words, most of the stock of 
commercially viable fossil fuels may have to remain in place, potentially 
wiping away a large portion of total wealth in carbon-rich nations. Most 
oil-rich nations hold more than 21 years of reserves at current rates of 
depletion, meaning they may see the value of these reserves fall, or these 
subsoil assets may even be stranded if extracting them is no longer eco-
nomically viable. This concept is referred to as carbon risk (Manley, Cust, 
and Cecchinato 2016).2

Whether such stranding of assets is likely and the time frame in which 
this might occur are of course uncertain. But the potential magnitude of 
this risk is so immense that taking it seriously is important. This discussion 
first examines how much carbon wealth countries probably have, as well 
as the uncertainties regarding these estimates.

How Much Carbon Wealth Do Nations Have?
The carbon wealth of nations is the sum of the rental value of oil-, 
natural gas–, and coal-based assets held under the ground. For many 
regions, carbon wealth makes up a substantial share of total natural 
wealth. For example, the carbon wealth of the Middle East and North 
Africa is almost 30 percent of the region’s total wealth. Sub-Saharan 
African countries also have a larger-than-average share of carbon wealth 
(table 5.1).

The income from this carbon wealth also represents a significant share 
of GDP in some countries. Several countries, such as Kuwait, Iraq, and 
Saudi Arabia, are estimated to have fossil fuel rents of more than 40 percent 
of GDP (map 5.1).

Calculating the Carbon Wealth of Nations
Calculating the carbon wealth of nations is not a straightforward process. 
This report provides values for three fossil fuels: petroleum, natural gas, 
and coal. The World Bank calculates these values as the present value of 
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TABLE 5.1 wealth shares, by region and income Group, 2014

Region
Carbon assets 

(% of total wealth)
Natural capital 

(% of total wealth)
Produced capital 

(% of total wealth)
Human capital 

(% of total wealth)

east Asia and Pacific 2 10 28 60

europe and Central Asia 2 5 33 62

Latin America and the Caribbean 3 18 23 61

middle east and north Africa 40 44 15 35

south Asia 3 25 26 51

sub-saharan Africa 9 36 16 50

Income group

Low-income countries 1 47 14 41

Lower-middle-income countries 6 27 25 51

upper-middle-income countries 4 17 25 59

High-income non-oeCd countries 26 30 22 42

High-income oeCd countries 1 3 26 70

Source: World Bank calculations.
Note: OECD = Organisation for Economic Co-operation and Development.

MAP 5.1 Fossil Fuel rent as a Percentage of GdP, by Country, 2014

Source: World Bank calculations.
Note: GDP = gross domestic product.

0 or no data <1 1–5 5–20 >20
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expected rents that may be earned from extracting the resource until it is 
exhausted. This value, Vt, is given as follows:

 ∑=
+ −

=

+ −

V
R
rt
t

i t
i t

t T

(1 )

1

 (5.1)

where Rt  is a lagged, five-year moving average of rents in years t (the cur-
rent year) to t – 4; r is the discount rate (assumed to be a constant 
4  percent3) and T is the lifetime of the resource. Rents for a given year are 
calculated as revenues less production costs, including a “normal” rate of 
return.4 Appendix A includes a detailed breakdown of the approach to 
calculating rent values.

For each fossil fuel, the estimates of rents are averages for that fossil 
fuel across all the extraction projects in a country. Estimating the value of 
rents per unit of production requires measuring two variables: the price 
paid for the resource and the cost of producing the resource (including 
the cost of capital). The World Bank uses Rystad Energy’s UCube data-
base, which takes the nearest geographical price benchmark, and a combi-
nation of cost data from company statements, interviews, and modeling.5

Prices are relatively easy to measure. For instance, most types of crude 
oil are valued close to price benchmarks such as Brent or West Texas 
Intermediate. Prices also vary over time; this variation is unpredictable, but 
the majority of it is at the level of the benchmark price, not the constituent 
prices of the benchmark.

Costs, however, are more difficult to measure. Unlike prices, there are 
no observed international benchmarks, and costs are typically far less 
transparent than prices—companies are much more willing to declare 
their sales prices than their costs. Nor is it easy to predict costs. Costs vary 
at a global level over time; for example, as demand for oil rises, the derived 
demand for the inputs to oil extraction also rises, meaning the costs of 
these inputs change (Toews and Naumov 2015).

Costs also vary depending on the location of the fossil fuels. It is gener-
ally much more costly to drill in offshore fields than onshore, even when the 
fields are located in the same country. Costs also vary across the project life 
cycle. For example, for the first few years of an oil field’s life, costs are high 
as the operator develops the oil well. Once the project starts producing, 
average costs fall and revenues rise. As the field matures, costs can rise again 
as the remaining reserves are extracted and project sites require cleaning 
and closing. For all these reasons, any average estimate at the country or 
regional level may not reflect the rents generated by a single field.

This chapter’s estimates of carbon wealth—the net present value of 
fossil fuel rents—are calculated by subtracting all extraction costs from 
revenues, including the opportunity cost of fixed capital. But it is not clear 
to what extent the production costs provided by Rystad  factor in a risk-
adjusted return on fixed capital, that is, the additional returns needed to 
compensate owners of capital for the risks of operating in challenging gov-
ernance contexts (Cust and Harding 2015). As a consequence, the rents 
and associated asset values calculated here may represent an upper bound 
for some countries where risk is a major factor (see box 5.1).
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Carbon Risk

Decarbonization of the global economy is a risk for economies that rely on 
the export of fossil fuel resources. The risk is that global demand for fossil 
fuels will fall, making countries’ carbon wealth significantly less valuable.

Carbon risk may not only affect the value of carbon assets. Countries also 
have other forms of carbon-linked wealth that the Changing Wealth of Nations 
method does not explicitly measure under fossil fuel wealth. These assets 
include produced capital (such as power plants and downstream industries 
and infrastructure), human capital (such as petroleum sector skills and exper-
tise), and other kinds of assets such as government holdings in national oil 
companies or fossil fuel equities held by sovereign wealth funds (SWFs).

Carbon Wealth at Risk
Various authors and agencies (for example, IEA 2015) state that the 
world cannot consume much more than 20 percent of existing fossil 
fuel reserves and still hold global surface temperatures to less than the 

BOX 5.1 uncertainties around Carbon wealth estimates

Rent calculations conceptually estimate the compensation a country should receive for resource extraction. But 

actual estimates may only represent an upper bound of what could accrue to countries that own the resource.

There are two reasons for this uncertainty. First, it is a widely held view (for example, Daniel, Keen, and 

McPherson 2010) that governments may fail to capture the maximum available rents associated with fossil fuel 

extraction. The reasons for this may include differential risks being borne, significant uncertainties across time, 

asymmetries of information, and the difficulties tax administrators experience in measuring companies’ tax bases. 

Using Rystad Energy UCube data, which is the source for this volume’s unit rent numbers, we calculate that between 

2010 and 2014 governments took, on average, 77 percent of total rents available. This is similar to the 65 to 85 

percent discounted average effective tax rates considered “reasonably achievable” by the International Monetary 

Fund (IMF 2012).

Second, a related reason for uncertainty stems from the interpretation that the risk-adjusted cost of capital 

for fossil fuel industries may be higher than measured in the Changing Wealth of Nations data set. Here, the rent 

available for countries to tax may be lower than estimated because of hidden costs, such as the political risk 

associated with operating in a particular country. In other words, rent values estimated by the data set may not 

factor in the full cost of capital because the reported cost of capital may not include certain risks faced by investors. 

Recent evidence has shown that, beyond geological considerations, investors may be deterred from investing in 

countries with, for example, weaker governance (Cust and Harding 2015). These factors may also help explain why 

governments are unable to recover the full amount of the estimated rent.

Governments should therefore interpret rent numbers cautiously. Higher rent estimates may signal that additional 

tax revenues could be captured; however, the means for capturing them may also involve reducing political and other 

risks or costs of doing business as well as negotiating better deals or taxing more effectively. Managing carbon risk 

may include squeezing more revenues from existing projects. Therefore, policies that reduce investor risks may help 

reduce fiscal pressures created in the transition to global decarbonization.
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internationally set 2° Celsius average warming target. Even if the 
world falls short of this objective, it appears likely that a significant 
portion of fossil fuel reserves must remain unburned to avoid cata-
strophic warming. This situation would affect carbon-rich countries 
differently depending on their domestic cost of extraction (McGlade 
and Ekins 2015).

Although the transition away from fossil fuels is widely anticipated, 
it is not yet clear how, or how quickly, such an outcome might occur. 
At their current trajectories, carbon-mitigation commitments made on a 
country-by-country basis would fall short of the 2° Celsius goal. 
Meanwhile, significant cost reductions in alternative energy technologies—
such as solar and wind power—may soon begin to undercut the costs of 
extracting oil, gas, and coal, thus leading to potential reductions in fossil 
fuel consumption.

On the one hand, the concept of stranded assets resulting from 
 climate change policies has received widespread attention from aca-
demics, nongovermental organizations, and the media in recent years 
(Helm 2016; Leaton 2013). However, the concept is often predicated 
on a hard carbon budget constraint imposed globally. At present, there 
is little evidence that this will occur. Furthermore, even if such a budget 
constraint were imposed, the effects on the valuation of private 
 companies—which discount future profits at commercial rates and 
hold relatively few years’ worth of booked reserves on their balance 
sheets—may be modest. Some argue that, even under a sharp decline in 
the value of fossil fuels, many firms face low operating costs for existing 
deposits, while higher-cost deposits become unprofitable. The compa-
nies would be able to continue to develop many of these resources 
under a range of conditions. Helm (2015) provides a discussion of the 
limitations of the stranded assets concept.

The concept of stranded nations, on the other hand, is the public 
(government) equivalent of the private sector concern about stranded 
assets. Although the risk of stranded assets may be overstated, according 
to commentators such as Helm (2015), the risk of stranded nations may 
be far greater, more salient to public policy, and to date relatively undoc-
umented. Sovereign states are the ultimate owners of carbon wealth. 
They probably discount the future at a lower rate than private agents 
and have economies that may be specialized in carbon-related sectors, 
skills, and infrastructure. Thus, the amount and severity of potential 
stranding (that is, the loss of value in carbon-linked assets) is signifi-
cantly higher (see, for example, Cust, Cecchinato, and Manley 2017; 
Manley, Cust, and Cecchinato 2016).

Four Challenges for Carbon-Rich Nations

Carbon-rich nations face four special challenges. These challenges arise 
from the future uncertainty of the value of their carbon-based wealth as 
the world grapples with mitigating global climate change. They may 
have little control over the external factors affecting the value of carbon 
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wealth, such as climate policies and technological progress. However, 
they can take domestic actions that might reduce their exposure to car-
bon risk.

Challenge 1: Carbon-Rich Nations Are Highly Exposed to Carbon Risk
The first challenge is that carbon wealth could decline in value as the 
world decarbonizes, putting severe strains on carbon-rich countries’ 
finances (Malova and van der Ploeg 2017). Figure 5.1 shows countries’ 
carbon wealth in absolute and per capita terms. Many countries have a 
lot at stake, particularly in the Middle East and North Africa.

Of the 141 countries in the wealth database, 26 countries have at 
least 5 percent of their wealth in fossil fuels. The data show that the 
risk of a permanent drop in fossil fuel demand is worrisome for both 
poverty and geopolitical reasons. First, most of these countries are 
 classified as low or middle income, and their governments derive more 
than half their revenues from oil, gas, coal, and other minerals. Poverty 
alleviation in many of these countries remains a priority; therefore, the 
risk of a drop in the value of fossil fuel assets has important develop-
ment implications. Second, 10 of these 26 countries are in the Middle 
East and North Africa. Although extraction costs are relatively low in 
this region, the potential loss in  government revenues would be signifi-
cant (figure 5.2).

FIGURE 5.1 Fossil Fuel wealth, by Country, 2014

Source: World Bank.
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Challenge 2: Carbon-Rich Nations Cannot Easily Monetize 
Carbon Wealth
Carbon-rich nations hold a lot of their wealth in the form of fossil fuels, 
but to benefit people this wealth needs to be extracted and sold. 
However, getting resources out of the ground is costly. These countries 
may find themselves facing a race to exit the fossil fuel market as produc-
ers speed up extraction while prices decline. However, countries face 
two problems.

FIGURE 5.2 Fossil Fuel Assets Compared with Government revenues, by Country, 2010–14
percent

Sources: World Bank; ICTD/UNU-WIDER 2017.
Note: The ratio of resource revenues to total revenues was calculated as the average over the period 2010 to 2014, the same period used in 
the data set. Several countries are missing data for either fossil fuel wealth or government revenues.
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The first is that, unlike investors in an oil company who can merely 
sell their stock, countries cannot easily and quickly monetize their carbon 
wealth. For example, under current rates of production, as figure 5.3 
shows, oil-rich developing countries will take, on average, 21 years to 
deplete their oil reserves. Increasing depletion rates is difficult. One way to 
increase production rates is for governments to directly change the pro-
duction rates of existing wells, fields, or mines. If these projects are run by 
state-owned enterprises, governments can directly alter the pace of opera-
tions. If operated by private companies, governments can regulate the rate 
of production or establish incentives to change the rate of production. But 
in both cases these measures can reduce profits, and governments are 
 constrained by the need to ensure projects remain commercially viable. 
A second way is for governments to change the rate at which they license 
new fields for exploration and development. However, developing new 
fields also requires new investment. But, with the risk of prices declining 
over the lifetime of these new projects, the costs of capital may rise.

The second problem is that, even if fossil fuel producers successfully 
increase extraction to avoid a future price decline, the sudden increase in 
supply might quicken the drop in prices. This effect is known as the 
green paradox. Sinn (2008) describes the paradoxical situation in which 
climate policies such as a carbon tax could have the opposite effect than 
the one intended: rather than slowing the burning of fossil fuels, such 
policies might instead speed it up. In this model, the anticipation of 

FIGURE 5.3 time to depletion of oil reserves, 2014
number of years

Source: World Bank calculations.
Note: The figures are calculated as current reported oil reserves divided by current production. Only countries with depletion horizons of more 
than 30 years are shown. 
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carbon taxes encourages fossil fuel producers to accelerate planned 
extraction to reduce their future tax burden.

Challenge 3: Carbon-Rich Nations’ Policies May Increase 
Carbon Risk Exposure
In seeking to develop and capture the benefits of fossil fuel industries, 
countries may increase their exposure to carbon risk. Carbon risk expo-
sure is not limited to fossil fuel assets. Many countries choose to develop 
these resources in ways that may increase their overall risk exposure. 
These policies include investing in nationally owned resource compa-
nies, having SWFs hold equities linked to the price of fossil fuels, and 
investing human capital and public money in developing skills, busi-
nesses, and infrastructure tied to the fortunes of the oil, gas, and coal 
mining sectors.

Countries have developed downstream industries to complement 
resource extraction and export. Examples include refining, processing, 
power generation, and industrial uses of fossil fuels. This can lock countries 
into more carbon-intensive production and exports, which may be at risk 
of border taxes and tariffs.

When viewed through the lens of future uncertainty about pathways 
to decarbonization, these various policies may need to be reevaluated in 
light of the risks they might pose.

National Oil Companies

Many oil-rich countries have opted to create national oil companies 
(NOCs) so that the state can participate directly in the sector. In some, 
such as Saudi Arabia, NOCs have monopoly access to a country’s 
resources; in others, they play a leading operational and commercial role 
but compete alongside private companies; and, in still others, they are 
partners, sometimes holding minority stakes.

In such cases, governments have opted to hold public wealth in the 
form of a nationally owned company. They may do so for a variety of 
reasons, including to capture as much rent from the petroleum sector as 
possible, to exercise state control over a key strategic sector, or to build 
expertise and capabilities. However, a permanent drop in oil prices puts 
NOCs and their government owners at risk. Furthermore, some coun-
tries encourage NOCs to grow and expand operations  overseas—such as 
Malaysia’s Petronas and Norway’s Statoil. However, this strategy may 
further increase a country’s exposure to carbon risk. To expand beyond 
domestic markets, NOCs require additional  capital, which ties up greater 
state resources than a domestic NOC. These resources, in addition to the 
licenses, reserves, and investments the company makes abroad, expose 
the country to additional carbon market risk should the value of these 
resources decline in the future.

Table 5.2 illustrates the value of NOCs and state share of that value, 
measured by company assets. The top 10 largest state-owned oil compa-
nies account for more than US$2.3 trillion of state capital.
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Sovereign Wealth Funds

SWFs are another means by which countries may further expose them-
selves to carbon risk. SWFs have become popular in many oil- and 
 gas-producing countries. Many countries use these funds to meet short-
term stabilization goals while also making longer-term investments on 
behalf of current and future citizens. In Norway, for example, funds are 
invested abroad to fund pension obligations of the state. As instruments 
of long-term investment, SWFs can be one approach to diversifying a 
 country’s assets.

A simple objective for long-term funds is typically to balance finan-
cial risk and reward to ensure a steady stream of income payments on 
investments. However, as van den Bremer, van der Ploeg, and Wills (2016) 
note, funds may not be optimized with respect to the other assets held by 
the state. In particular, carbon-rich countries should seek to diversify their 
portfolios away from assets whose value may be positively correlated with 
their fossil fuel reserves or other state assets linked to fossil fuel prices, 
such as nationally owned resource companies. Counterintuitively, in the 

TABLE 5.2 states’ share of national oil Companies, by total Asset value

Country State-owned company name

Total assets 
(billion US$),  

as of 2014 or 2015
State share 
(billion US$)

China China national Petroleum Corporation (includes Petrochina) 576.0 576.0 

China sinopec Group 321.0 321.0 

russian Federation Gazprom 319.2 319.2 

russian Federation rosneft 227.6 227.6 

venezuela, rb Petróleos de venezuela 226.8 226.8 

iran, islamic rep. national iranian oil 200.0 200.0 

China China national offshore oil Corporation 167.0 167.0 

malaysia Petronas 164.5 164.5 

bolivia yacimientos Petrolíferos Fiscales bolivianos 103.8 85.1 

Angola sociedade nacional de Combustíveis de Angola unidade 
empresarial estatal

54.5 54.5 

indonesia Pertamina 50.7 50.7 

Kazakhstan KazmunayGaz 49.3 32.7 

Azerbaijan state oil Company of the Azerbaijan republic 30.7 30.7 

ecuador Petroecuador 9.3 9.3 

timor-Leste timor GAP 0.004 0.004 

Sources: Compiled from annual reports of companies for most recent year available (2014 or 2015); adapted from Manley, Cust, and 
Cecchinato 2016.
Note: The table does not include a number of smaller national oil companies from fossil fuel–rich developing countries for which data are 
unavailable: Sontrach, Algeria; Socièté des Hydrocarbures du Tchad, Chad; Petroamazonas, Ecuador; Sociedad National de Gas, Equatorial 
Guinea; Gabon Oil Company, Gabon; Myanmar Oil and Gas Enterprise, Myanmar; Nigeria National Petroleum Corporation, Nigeria; Turkmengaz, 
Turkmenistan; and Uzbekneftegaz, Uzbekistan.
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short term, the value of green investments such as renewable energy com-
pany stocks also may be positively correlated with the price of fossil fuels. 
This caution is even more necessary considering the additional carbon risk 
associated with future decarbonization of the global economy. Such a 
shift could further damage the value of SWF assets that are linked to fossil 
fuel extraction.

Countries can help mitigate the aboveground risks by avoiding invest-
ments in carbon-linked assets and taking into consideration the combined 
portfolio of aboveground and belowground assets. In some cases, the strat-
egy might include divestment from carbon-linked assets, or ensuring maxi-
mum transferability of carbon-linked skills or carbon-linked sectors into 
low-carbon alternatives.

Challenge 4: Countries Have Found It Difficult to Diversify Away 
from Carbon Wealth
Diversification is already acknowledged as a necessary objective of carbon-
rich countries (Collier 2010; NRGI 2014). Resource-rich countries can 
theoretically diversify by following the so-called Hartwick rule (Hartwick 
1977), that is, converting their subsoil assets into produced capital and 
human capital. In the face of carbon risk, diversification becomes an even 
greater imperative for carbon-rich countries to ensure that the loss in tax 
revenues, jobs, and other benefits from resource extraction becomes a rela-
tively minor event for their economies (see box 5.2).

Most resource-rich countries have found it difficult to diversify 
their economies and few have followed the Hartwick rule (Venables 
2016; Warner 2015). Data from the Changing Wealth of Nations show 
this clearly in the form of adjusted net saving (ANS). ANS reflects the 
rate at which a country uses resource extraction to accumulate other 
assets such as productive aboveground assets. ANS takes into account 

BOX 5.2 Climate strategies of Carbon-dependent Countries

New analysis by the World Bank identifies the risks faced by carbon-rich countries under different carbon price and 

policy scenarios. This analysis allows different pathways to risk mitigation, including via the diversification of sectors 

and assets, to be quantified and examined.

Using computable general equilibrium modeling, the analysis evaluates the impact of carbon policy shocks 

on different countries and shows how much value may be at stake under business-as-usual as well as carbon 

diversification strategies. The report develops a set of “vulnerability metrics” to estimate the risk exposure of carbon-

rich nations to climate policies in the future.

The report contrasts new approaches to diversification to what it terms “traditional diversification,” which tends 

to focus mainly on downstream value added (Gill et al. 2014). Such activities build on carbon wealth, and therefore 

may increase countries’ exposure to carbon risk. As an alternative, the report identifies ways such countries can 

diversify away from carbon-intensive activities, which can help mitigate the risk of falling demand for carbon energy 

over the medium to long term.

Source: World Bank, forthcoming.
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income generated from the depletion of fossil fuels, the depreciation of 
all forms of capital in the economy (including damage to natural capi-
tal), education and health expenditures (representing savings in the 
form of human capital), and the costs of air pollution damage. Relating 
to fossil fuel depletion, a positive ANS may indicate the country is 
depleting the subsoil asset but saving a sufficient share of the cash gen-
erated to be accumulating net assets elsewhere in the economy. A nega-
tive ANS rate means the country is selling its fossil fuels and running 
down its overall asset base.

The Changing Wealth of Nations data indicate that, since 2004, many 
resource-rich countries have had low ANS rates. Some of these countries 
have seen average ANS values of less than zero, meaning that, although 
they have depleted their fossil fuel reserves, they have failed to use the 
proceeds to accumulate other assets (see figure 5.4).

Conclusion

Although the scope, timing, and modes of how the global economy may 
decarbonize are uncertain, the scientific community has arrived at con-
sensus on its importance and urgency. According to IEA (2017), meeting 
the 2° Celsius warming goal by 2050 requires leaving 80 percent of 
coal deposits, 50 percent of oil reserves, and 40 percent of gas reserves in 

FIGURE 5.4 Adjusted net saving and nonrenewable resource rents

Source: World Bank calculations.
Note: Resource-abundant countries only are shown, defined as countries having nonrenewable resource rents 
greater than 2 percent of GDP averaged over 2004–14. GDP = gross domestic product; GNI = gross national 
income.
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the ground. The global demand for energy would be met by other energy 
sources (renewables) and increased energy efficiency. If such an energy 
transition were to occur, it would likely diminish the value of fossil fuel 
wealth and other carbon-linked wealth (such as nationally owned resource 
companies). Furthermore, such a drop in value would likely be distrib-
uted unevenly, in part because of the mode of the transition, but also 
because of the degree of carbon risk exposure at the national level.

The wealth accounts in the Changing Wealth of Nations show 
there are 26 countries that have at least 5 percent of their total assets 
in the form of fossil fuels. If much of this must remain belowground, 
these countries may see their total assets decline significantly in value, 
including aboveground assets such as carbon-linked produced and 
human capital.

To mitigate this carbon risk, countries face four special challenges. 
First, countries are highly exposed to carbon risk—in many cases much 
more so than private companies and investors. Second, unlike financial 
assets, it is difficult to quickly monetize resources that lie under the ground. 
Third, partly in an effort to maximize the domestic benefits from fossil 
fuel extraction, these countries often follow policies that actually increase 
their exposure to carbon risk by investing public and human capital in fos-
sil fuel industries. Finally, diversifying away from carbon risk by diversify-
ing the economy and the asset base of a country appears to be the ultimate 
solution for countries, but has so far proved to be particularly challenging. 
As the data show, governments have failed to use their fossil fuel wealth 
sustainably over the long term. Few carbon-rich countries have success-
fully followed the Hartwick rule by converting their carbon wealth into 
producted and human capital.

The problem for policy makers is that a decline in fossil fuel demand 
is not at all certain. A permanent drop in fossil fuel prices could be many 
decades away. Fossil fuels could continue to be sold by countries for many 
more years. For many developing countries, the rents and economic pos-
sibilities from fossil fuel extraction may continue to play a critical role in 
meeting development objectives, including domestic financing for the 
Sustainable Development Goals. However, the longer the consumption of 
fossil fuels continues, the more likely many of these countries will face 
severe negative effects of a changing climate. Managing their fossil fuel 
industries with such uncertainty and with so much at stake will make an 
already-difficult task even harder. But all decisions may be made easier 
with reliable information; in that light, the data in the Changing Wealth of 
Nations are most needed right now.

Notes

1. The Hartwick rule states that all revenues from depletable resources must be 
invested to transform the belowground fossil fuel wealth into aboveground 
financial or other assets (Hartwick 1977).

2. Reserves are endogenous to market conditions and exclude undiscovered or 
unproven resources.
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3. The 4 percent assumption is based on the long-term average rate of return on 
financial assets globally, and therefore represents the opportunity cost of holding 
wealth as fossil fuels rather than investing in financial assets.

4. It is important to note that, because this is based on long-term average global 
returns, it does not reflect the country-specific risk premiums that may be nec-
essary to compensate investors for investing in certain environments.

5. For oil, the World Bank uses the Brent benchmark for all but Canada; and, in the 
Midcontinent and Rocky Mountain U.S. regions, West Texas Intermediate price 
is used. For gas, Rystad Energy created eight different benchmarks based on 
regional prices such as Henry Hub.

References

Barma, N. H., K. Kaiser, T. M. Le, and L. Viñuela. 2012. Rents to Riches? The Political 
Economy of Natural Resource-Led Development. Washington, DC: World Bank.

Collier, P. 2010. Plundered Planet. New York: Oxford University Press.
Cust, J., G. Cecchinato, and D. Manley. 2017. “Unburnable Wealth of Nations.” 

Finance and Development 54 (1): 46–49.
Cust, J., and T. Harding. 2015. “Institutions and the Location of Oil Exploration.” 

Oxcarre Research Paper 127, Oxford Centre for the Analysis of Resource Rich 
Countries, Oxford University, Oxford, U.K.

Daniel, P., M. Keen, and C. McPherson, eds. 2010. The Taxation of Petroleum and 
Minerals: Principles, Problems and Practice. Washington, DC: International 
Monetary Fund.

Gill, I. S., I. Izvorski, W. van Eeghen, and D. De Rosa. 2014. Diversified Development: 
Making the Most of Natural Resources in Eurasia. Washington, DC: World Bank. 
https://openknowledge.worldbank.org / handle/10986/17193.

Hartwick, J. 1977. “Intergenerational Equity and the Investing of Rents from 
Exhaustible Resources.” American Economic Review 67 (5): 972–74.

Helm, D. 2015. The Carbon Crunch: Revised and Updated. New Haven and 
London: Yale University Press.

———. 2016. “The Future of Fossil Fuels—Is It the End?” Oxford Review of 
Economic Policy 32 (2): 191–205.

ICTD/UNU-WIDER. 2017. Government Revenue Dataset. July 2017. https://
www .wider.unu.edu / project/government-revenue-dataset. Accessed August 
15, 2017.

IEA (International Energy Agency). 2015. World Energy Outlook. Paris: IEA.
———. 2017. World Energy Outlook. Paris: IEA.
IMF (International Monetary Fund). 2012. “Fiscal Regimes for Extractive 

Industries: Design and Implementation.” Washington, DC.
Leaton, J. 2013. “Unburnable Carbon—Are the World’s Financial Markets 

Carrying a Carbon Bubble?” Carbon Tracker Initiative. https://www.carbon-
tracker.org / wp-content/uploads/2014/09/Unburnable -Carbon-Full-
rev2-1.pdf. 

Malova, A., and F. van der Ploeg. 2017. “Consequences of Lower Prices and 
Stranded Assets for Russia’s Sustainable Fiscal Stance.” Energy Policy 105: 27–40.

Manley, D., J. Cust, and G. Cecchinato. 2016. “Stranded Nations? The Climate 
Policy Implications for Fossil Fuel-Rich Developing Countries.” OxCarre 
Policy Paper series 34 (34), Oxford University, Oxford, U.K.

https://openknowledge.worldbank.org/handle/10986/17193�
https://www.wider.unu.edu/project/government-revenue-dataset�
https://www.wider.unu.edu/project/government-revenue-dataset�
https://www.carbontracker.org/wp-content/uploads/2014/09/Unburnable-Carbon-Full-rev2-1.pdf�
https://www.carbontracker.org/wp-content/uploads/2014/09/Unburnable-Carbon-Full-rev2-1.pdf�
https://www.carbontracker.org/wp-content/uploads/2014/09/Unburnable-Carbon-Full-rev2-1.pdf�


CHAPter 5 : tHe CArbon weALtH oF nAtions: From rents to r isKs 113

McGlade, C., and P. Ekins. 2015. “The Geographical Distribution of Fossil Fuels 
Unused When Limiting Global Warming to 2° C.” Nature 517 (74533): 
187–90.

NRGI (Natural Resource Governance Institute). 2014. Natural Resource 
Charter, 2nd edition. New York: NRGI.

Rystad Energy. Rystad Energy Support. http://support.rystadenergy.com/help/
ucube / economics/revenue. Accessed August 14, 2017.

Schmidt, T. 2015. “Decarbonising the Global Economy.” blog post, Wood 
Mackenzie, London.

Sinn, H.-W. 2008. “Public Policies against Global Warming.” International Tax and 
Public Finance 15 (4): 360–94. doi:10.1007/s10797-008-9082-z.

Toews, G., and A. Naumov. 2015. “The Relationship between Oil Price and Costs 
in the Oil Industry.” Energy Journal 36 (Adelman special issue).

van den Bremer, T., F. van der Ploeg, and S. Wills. 2016. “The Elephant in the 
Ground: Managing Oil and Sovereign Wealth.” European Economic Review 82: 
113–31.

van der Ploeg, F. 2011. “Natural Resources: Curse or Blessing?” Journal of Economic 
Literature 49 (2): 366–420.

Venables, A. J. 2016. “Using Natural Resources for Development: Why Has It 
Proven So Difficult?” Journal of Economic Perspectives 30 (1): 161–84.

Warner, A. 2015. “Natural Resource Booms in the Modern Era: Is the Curse Still 
Alive?” IMF Working Paper 15/237, November, International Monetary Fund, 
Washington, DC. https://www.imf.org/external/pubs/ft/wp/2015/wp15237 
.pdf.

World Bank. Forthcoming. Climate Strategies of Carbon Dependent Countries. 
Washington, DC: World Bank.

http://support.rystadenergy.com/help/ucube/economics/revenue�
http://support.rystadenergy.com/help/ucube/economics/revenue�
https://www.imf.org/external/pubs/ft/wp/2015/wp15237.pdf�
https://www.imf.org/external/pubs/ft/wp/2015/wp15237.pdf�


115

6
Human Capital and the 
Wealth of Nations: Global 
Estimates and Trends

Kirk Hamilton, Quentin Wodon, Diego Barrot, and Ali Yedan

Main Messages

• Using for the first time a time series of household surveys, this chapter explains the 
motivations, concepts, and methods used in the measurement of human capital 
wealth and presents estimates for 141 countries.

• Human capital wealth is estimated as the present value of future earnings for the 
labor force. The estimates suggest that human capital accounts for the lion’s share 
of a country’s wealth, and typically a higher share in upper-middle-income and 
high-income countries than in poorer countries.

• Apart from country-wide estimates, the chapter includes  estimates of human 
capital wealth by gender and type of employment. Globally, most human capi-
tal is associated with employed workers. But the human capital of the self-
employed is a large share of the total in many of the poorest countries, where 
the agriculture sector and informal employment are significant.

• Gender shares of human capital wealth are significantly skewed toward men across 
most regions and income classes. North America had the highest female share in 
2014, while South Asia had the  lowest. Achieving gender parity in wage earnings 
and thereby human capital wealth could greatly enhance the wealth of nations.
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Introduction

In the introduction to An Inquiry into the Nature and Causes of the Wealth 
of Nations, Adam Smith argued in 1776 that “the annual labour of every 
nation is the fund which originally supplies it with all the necessaries and 
conveniencies of life… [This fund] must … be regulated by the skill, dex-
terity, and judgment with which its labour is generally applied … whatever 
be the soil, climate, or extent of territory of any particular nation.” What 
was true in 1776 remains true today. Human capital wealth is essentially 
defined in this report as the present value of the future flow of wages and 
other labor earnings of the population. As noted in chapter 2, human capi-
tal wealth—the result of a combination of skills, dexterity, judgment, and 
sheer labor as defined by Adam Smith—accounts for the lion’s share of the 
total wealth of nations, as well as a growing share of wealth as countries 
achieve higher levels of economic development.

How large is human capital wealth and how is it measured? What 
do human capital wealth estimates tell us that other measures, such as 
GDP per capita or indicators of human development, do not? To what 
extent is human capital wealth growing, and what are some of the fac-
tors that affect human capital wealth? How is human capital wealth to 
be understood as a measure of human development, and what are the 
limits of this measure? These are some of the questions that this chapter 
considers to set the stage for more detailed analysis in subsequent 
chapters.

Although the recognition of the importance of human capital wealth 
is not new (Gu and Wong 2008; Hamilton and Liu 2014), this study is the 
first to provide measures of human capital wealth worldwide based on a 
time series of household surveys. This chapter explains the motivations, 
concepts, and methods used in the measurement of human capital wealth 
and presents estimates for 141 countries. In previous editions of the 
Changing Wealth of Nations reports (World Bank 2006, 2011), the focus 
was on produced and natural wealth. This left the largest component of 
the wealth of nations unexplained as “intangible wealth.” The estimates 
provided here suggest that much of intangible wealth is actually human 
capital wealth. In this chapter, the focus is on broad trends. A more detailed 
discussion of human capital—together with illustrations of how to use the 
data for policy analysis—is provided in a companion volume to this study 
(Wodon forthcoming).

The chapter is organized in two main sections. First, it explains how 
the measures of human capital are estimated in this investigation. These 
measures of human capital deliberately rely on the economic benefits that 
a well-educated and healthy workforce generates. The emphasis on the 
role of human capital in generating income through wages and earnings 
does not imply in any way that this analysis is advocating for a “commodi-
fication” of human capacities that would overlook other essential benefits 
from investments in human development. For example, we are aware of 
the intrinsic value of a good education and good health. But for wealth 
accounting purposes, the focus is strictly on monetary estimates of wealth 
associated with human capital.
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The next section provides summary results from the estimations. Both 
levels and trends in human capital wealth are discussed, as are some of the 
factors associated with higher levels of human capital wealth. A particular 
focus is placed on human capital wealth by gender, since the extent to 
which women participate in the labor force, are well educated, and benefit 
from earnings commensurate with their education has a large impact on 
these measures of human capital wealth. The chapter also briefly summa-
rizes some of the other results presented in this part of the book to illus-
trate how the data can be used for simulations that can help make the case 
for specific programs and policies.

Measuring Human Capital Wealth

The concept of human capital wealth differs from that of human 
development or human capabilities. The term “capital” denotes a 
resource that can be used for economic production. A good education 
has an intrinsic value apart from the fact that it helps workers be bet-
ter paid. Good health also is beneficial in itself, independent of its 
impact on production and wages. These important benefits are 
acknowledged, but they are not part of this research methodology. The 
emphasis is deliberately and solely on the economic benefits of a pro-
ductive labor force. A more detailed explanation of the steps for the 
estimation of human capital wealth measures is provided by Barrot 
et al. (forthcoming). 

Conceptual Approaches
Two basic approaches can be used to measure human capital wealth. The 
first approach is based on an analysis of investments in human develop-
ment, typically with a focus on public spending for education. As an 
example, current figures on adjusted net saving published by the World 
Bank treat public sector expenditure on education as an investment. This 
method is technically correct from the point of view of wealth accounting, 
since these expenditures have the character of investment. But expendi-
tures are measured on a gross basis, not net, since there is no netting out of 
human capital that retired or died in a given year. In addition, the mea-
sures do not include private expenditures on education. Finally, these mea-
sures are only loosely connected to the value of the human capital created, 
owing to inefficient expenditures, particularly in developing countries. 
Analyses of the relationship between investments by countries in their 
education (and health) systems and the performance of education (and 
health) systems often show that the links are not very strong—spending 
better is often more important than spending more.

The second approach looks at the valuation of the outcomes of 
investments in human development, not the investments themselves. 
This is the approach used here following Jorgensen and Fraumeni 
(1992a, 1992b). Human capital wealth is defined as the discounted value 
of future earnings for a country’s labor force.1 In other words, human 
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capital wealth is considered to be an asset that generates a stream of future 
economic benefits (earnings). This approach fits well with the basic moti-
vation for measuring a nation’s wealth as distinct from its annual produc-
tion or consumption. We seek a measure of wealth that informs us about 
likely future well-being. Note that this methodology essentially assumes 
that GDP is relatively stable, and in fact growing at a moderate rate, 
over the course of a working life (50 years). For most countries in most 
years, this is a reasonable assumption. But for countries that have recently 
experienced a natural disaster or a war, this assumption does not hold, and 
human capital estimates would need to build on an assumed recovery 
path for the economy.

Although this definition of human capital wealth as the present value 
of future labor earnings is conceptually simple, a number of steps must 
be undertaken for the estimations. Those steps and some of the choices 
involved in the empirical estimations are described below.

Earnings Profiles from Household Surveys
Since human capital wealth is defined here as the discounted value of 
future earnings for a country’s labor force, the likelihood that various types 
of individuals will be working and how much they will earn when working 
need to be known. “Various types” of individuals means individuals catego-
rized by age, sex, and level of education. Household surveys are used to 
construct a set of matrices that capture (1) the probability that individuals 
are working depending on their age, sex, and years of education; and 
(2) their likely earnings when working, again, by age, sex, and years of 
schooling. This is done separately for men and women.

The estimates of the likelihood of working are simply based on 
observed values in the available household and labor force surveys for 
the various countries. Following Montenegro and Patrinos (2016), the esti-
mates of likely earnings are based on Mincerian wage regressions. The 
regressions enable us to compute expected earnings for workers through-
out their working lives, taking into account sex, education, and assumed 
experience (computed on the basis of age and the number of years of 
education completed). Expected earnings are computed for all individuals 
in the surveys from age 15 to 65 years, noting that some individuals may 
go to school beyond age 15 years (for the purpose of these estimations 
until age 24 years). The analysis also takes into account the life expectancy 
of the labor force. In countries with high life expectancy, workers are 
expected to work until age 65 years, but in other countries they may not 
be able to.

Until recently, estimating wage regressions and the net discounted 
value of future wages for the labor force in many countries was not feasi-
ble because of a lack of standardized household survey data with which to 
conduct the estimations in a systematic way. Thanks to the availability 
of the World Bank’s International Income Distribution Database of house-
hold and labor force surveys, the task can now be performed. The database 
provides access to surveys for 141 countries over more than 20 years 
(Montenegro and Hirn 2009). It is used to estimate both the likelihood of 
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participation in the labor force by age, sex, and years of education and 
expected earnings, again by age, sex, and education level.

Adjustments to the National Accounts and Population Data
The household surveys used for the computation of the earnings pro-
files—as well as the probability of working—are nationally representative. 
The surveys are in most cases of good quality, but they may still generate 
estimates that are not consistent with either the System of National 
Accounts (EC et al. 2009) or population data for the countries. Therefore 
two adjustments are made.

First, to ensure consistency of the earnings profiles from the surveys 
with published data from the System of National Accounts, especially 
GDP figures, earnings estimates from the surveys are adjusted to reflect 
the share of labor earnings (including both the employed and the 
self-employed; see box 6.1) in GDP as available in the Penn World 
Table (Feenstra, Inklaar, and Timmer 2015). To explain why this adjust-
ment is needed, consider a low-income country with many self-employed 
individuals in subsistence agriculture. Earnings as measured in a labor 
force or household survey may not adequately capture these workers, 

BOX 6.1 Human Capital: wealth, by type of employment

An innovation of this study is the estimation of human capital for the self-employed using 

new data from the Penn World Table (PWT) to supplement the World Bank’s International 

Income Distribution Database. Self-employment is important in many countries, especially in 

the agricultural sector of developing countries. However, the earnings of the self-employed 

reported in national surveys typically combine profits plus returns to human capital, 

making it difficult to estimate the share of human capital attributed to self-employment in 

a systematic way across countries (given differences in survey design and questionnaires 

among countries).

Fortunately, as documented in Feenstra, Inklaar, and Timmer (2015), version 9.0 of the 

PWT provides estimates of the income of the self-employed in more than 130 countries. The 

PWT estimates draw on data on mixed income (i.e., total income earned by self-employed 

workers, including both capital and labor income) and make adjustments for returns to 

capital, persons employed as a share of total persons engaged from the International Labour 

Organization, and value added in agriculture in low-income countries with high agriculture 

shares of GDP. In countries where data on mixed income are available, the PWT distinguishes 

between the shares of returns to capital and those to labor in mixed income by using the 

observed shares for the employed. For poor countries where smallholder farming dominates 

the agricultural sector, the PWT treats all of the value added in agriculture as the return to 

self-employment. Although these estimations are by necessity relatively crude, potential 

errors with this approach in poor countries are limited by the fact that these countries often 

(continued on next page)
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so that total earnings from the survey may be too low in comparison with 
the share of labor earnings in GDP. Version 9.0 of the Penn World Table 
provides estimates of the income of the self-employed 141 countries. In 
practice, the earnings profiles by age, sex, and years of education are 
adjusted up or down so that total earnings from the surveys match the 
labor share of labor earnings in the national accounts, considering both 
employed workers and the self-employed using Penn World Table data.

Second, and separately, the estimations also rely on two variables 
obtained from data compiled by the United Nations Population Division: 
population data by age and sex (so that the data in the household surveys 
can be better calibrated) and mortality rates by age and gender (so that the 
expected years of work can be adjusted, accounting for the fact that some 
workers will die before age 65 years). Again, data from the surveys 
are adjusted to population estimates from the United Nations to ensure 
that estimates are adequate (while nationally representative, and as a result 
of limited sample sizes, household surveys may not precisely estimate the 
exact distribution of the population by age and sex nor life expectancy). 
For those in the 15-to-24 years age group, the probability of being in 
school also has to be taken into account.

Choice of Discount Rate
Those familiar with present value computations recognize that the choice 
of discount rate can make a major difference in the estimates. A higher 
discount rate will generate lower values for human capital wealth, whereas 
a lower discount rate will lead to higher estimates of human capital wealth.

Human capital is calculated under the assumption that labor earnings 
grow at a constant rate g (owing to increases in efficiency) and are dis-
counted at rate r. The discount factor used in the calculation of human 
capital is therefore d = (1 + g)/(1 + r).

We assume that for all countries g and r are chosen such that this dis-
count factor is d = (1 + g)/(1 + r) = 1/(1.015). The effective discount rate 
used in calculating human capital is therefore 1.5 percent. This choice is 

have low capital inputs as well as by the relatively low land rents in agriculture-dependent 

economies.

Based on the PWT figures, and using regional averages to fill in gaps for countries 

not covered by the PWT, these estimates of human capital wealth augment the System 

of National Accounts’ employee compensation figures to include compensation of the self-

employed. This approach implicitly assumes that the age-sex-education structure of the self-

employed is the same as that of the employed, which is likely not the case for the poorest 

countries where agriculture makes up the bulk of self-employment. This is again a limitation, 

but it is mitigated to the extent that the estimated earnings of the self-employed will tend to 

be quite low in these countries.

BOX 6.1 Human Capital: Wealth by Type of Employment (continued)
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somewhat arbitrary, but the resulting discount rate is not unrealistic. 
Simulations to test for the sensitivity of the results to these assumptions 
are provided in the more detailed analysis of human capital provided in 
the companion volume to this study (Wodon, forthcoming).

Coverage of Household Surveys and Gap Filling
Data from the System of National Accounts are available for all countries 
on a yearly basis, but data from household surveys are not. Although 
upper-middle-income and high-income countries may have annual  surveys 
(or in some countries quarterly surveys), low-income and lower- middle- 
income countries often conduct labor or household surveys with detailed 
information on earnings only every few years. The latest household survey 
is used for estimates in subsequent years, until a new survey is available. 
This choice means that estimates from the latest available survey are 
 carried forward in time, but still with adjustments based on data from 
the national accounts for the share of labor earnings in GDP.

In a handful of cases, estimates of labor earnings obtained from house-
hold surveys seemed to be off by a wide margin. In those few cases, 
interpolations were used instead. Finally, for countries from the Gulf 
Cooperation Council (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and 
the United Arab Emirates), because no household survey data were pub-
licly available, estimates of human capital wealth per capita were based 
instead on a simple estimation taking into account the countries’ GDP per 
capita, labor share in GDP, and education level.

Estimates of Human Capital Wealth

This section provides estimates of human capital wealth across countries 
as well as trends over the 20-year period from 1995 to 2014. Data are 
provided for human capital wealth globally, as well as by groups of coun-
tries according to their income level. The objective of the section is not to 
conduct a detailed analysis, but rather to provide a few general facts about 
the observed patterns of growth in human capital wealth.

Global Estimates and Estimates by Income Group
As noted in chapter 2, global wealth stood at $1,143 trillion in 2014. This 
figure represents an increase in total wealth of 66 percent over 20 years—
an average annual growth rate of 2.7 percent. Human capital wealth 
reached $737 trillion in 2014, an increase of 55 percent since 1995—an 
average annual growth rate of 2.3 percent. This chapter focuses on mea-
sures in per capita terms to control for population growth.

Total wealth stood at $168,580 per person in 2014 versus 
$128,929 in 1995. Human capital wealth stood at $108,654 per per-
son in 2014 versus $88,874 in 1995. Thus, human capital accounts for 
slightly less than two-thirds of total global wealth. Note that the esti-
mates depend on a number of assumptions described earlier, including 
the choice of discount factor. The share of human capital wealth in 
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total wealth has declined slightly over time. With an average annual 
growth rate of 1.0 percent over the past two decades, human capi-
tal wealth per capita increased by 22 percent, versus 31 percent for 
total wealth per capita. This decline in the share of human capital 
wealth in global wealth has not occurred in all countries, only in com-
paratively richer countries.

In table 6.1, aggregate data are provided globally as well as for 
groups of countries according to their level of economic development. 
Five groups of countries are considered: low income, lower-middle 
income, upper-middle income, high-income non–Organisation for 
Economic Co-operation and Development (OECD), and high-income 
OECD. Inequality in human capital wealth as well as total wealth is 
high. In high-income OECD countries, total wealth per capita is greater 
than $700,000, and human capital wealth alone is at close to $500,000 
per person. This is not far from 100 times more than the levels observed 
in low-income countries, where human capital wealth is an estimated 
$5,564 per person.

At the global level, the dynamics of human capital wealth accumula-
tion are driven primarily by shifts taking place in OECD and upper-
middle-income countries because those countries account for 87 percent 
of global wealth (65 percent for the OECD, and 22 percent for upper-
middle-income countries). The proportions are even larger for human 
capital wealth. In these countries, the share of human capital wealth in 
total wealth is falling. Recall from the methodology section that the esti-
mates of human capital wealth are anchored in the share of labor earn-
ings in GDP. For some time, labor earnings as a share of GDP have 
declined in OECD countries because of technological change, stagnating 
wages, and in many countries a reduction in the share of the population 
in the labor force, due in part to aging.

By contrast, the share of human capital wealth in total wealth is 
 rapidly increasing in low-income and lower-middle-income countries. 
This share increased from 34 percent to 41 percent over two decades in 
low-income countries, and from 45 percent to 51 percent in lower- 
middle-income countries. Many of these countries are experiencing a 
demographic transition and are reaping the benefits of the demographic 
dividend as population growth rates are declining and the population is 
becoming better educated. We thus have diverging trends for poorer and 
richer countries in the increasing or decreasing role played by human 
capital over time. However, overall it is clear that as countries achieve 
higher levels of economic development, human capital wealth clearly 
dominates, whereas at lower levels of economic development, produced 
and natural capital (not shown in table 6.1) tend to be larger.

Statistics provided in table 6.1 on growth rates in human capital 
wealth per capita are illustrated in figure 6.1. The statistics suggest that 
growth in human capital wealth tends to be higher in countries at lower 
or middle levels of economic development than it is in high-income 
countries. This would be akin to the convergence often observed in GDP 
per capita, but in this case the convergence is evident for human capital 
wealth per capita. The fact that growth rates are indeed higher at lower 
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levels of human capital wealth per capita appears even more clearly 
when looking at data for individual countries, as opposed to the aggre-
gated data in table 6.1, which tends to give greater weight to larger 
countries. Chapter 7 provides a more detailed analysis of trends in 
human capital wealth by gender, suggesting that there is some level of 
convergence, both statistically (higher growth rates in human capital 

TABLE 6.1 trends in wealth Per Capita, by Level of development, 1995–2014

1995 2000 2005 2010 2014
Annual growth 

(%)

World

total wealth per capita (us$) 128,929 138,064 145,891 158,363 168,580 1.42

Human capital per capita (us$) 88,874 96,478 97,707 102,170 108,654 1.06

Human capital as share of 
total (%) 69 70 67 65 64

Low-income countries

total wealth per capita (us$) 11,601 10,435 10,240 11,802 13,629 0.85

Human capital per capita (us$) 3,921 4,016 4,046 4,447 5,564 1.86

Human capital as share of 
total (%) 34 38 40 38 41

Lower-middle-income countries

total wealth per capita (us$) 17,718 16,745 19,426 23,675 25,948 2.03

Human capital per capita (us$) 7,992 7,917 9,301 11,421 13,117 2.64

Human capital as share of 
total (%) 45 47 48 48 51

Upper-middle-income countries

total wealth per capita (us$) 51,142 57,623 66,224 93,811 112,798 4.25

Human capital per capita (us$) 31,906 36,716 38,526 54,740 65,742 3.88

Human capital as share of 
total (%) 62 64 58 58 58

High-income non-OECD countries

total wealth per capita (us$) 163,827 163,232 194,243 241,224 264,998 2.56

Human capital per capita (2014 $) 57,319 67,122 79,265 103,229 111,793 3.58

Human capital as share of 
total (%) 35 41 41 43 42

High-income OECD countries

total wealth per capita (us$) 547,419 614,791 653,078 672,866 708,389 1.37

Human capital per capita (us$) 408,992 458,949 472,722 471,270 498,399 1.05

Human capital as share of 
total (%) 75 75 72 70 70

Source: World Bank calculations.
Note: Figures are in constant 2014 US dollars at market exchange rates. OECD = Organisation for Economic Co-operation and Development.
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wealth per capita in countries with lower initial levels of wealth) and 
 econometrically (the difference in growth rates persists in regression 
analysis after  controlling for other factors likely to affect growth in 
human capital wealth per  capita over time).

Regional Trends in Human Capital Wealth
Table 6.2 considers an alternative grouping for countries by geographic 
location. The highest growth rate in human capital per capita was 
observed in South Asia (4.0 percent), followed by the Middle East and 
North Africa and East Asia and Pacific (both at 2.3 percent), and 
Sub-Saharan Africa (1.6 percent). Sub-Saharan Africa has experienced 
a decrease in total wealth over time related, in part, to declining prices 
of commodities. In the three other regions (Europe and Central Asia, 
Latin America and the Caribbean, and North America), the aver-
age annual growth rate in human capital per capita was less than 
1.5 percent. These three regions also have comparatively higher levels 
of development and more significant pressures from declining labor 
shares in GDP.

Components of Human Capital Wealth
Apart from estimates of total human capital wealth, the estimation 
 procedure in this volume generates estimates of human capital wealth by 
gender and by type of employment (employed versus self-employed), 

FIGURE 6.1 Annual Growth rates in Human Capital wealth Per Capita, 
1995–2014
percent
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Note: OECD = Organisation for Economic Co-operation and Development.



CHAPter 6 : HumAn CAPitAL And tHe weALtH oF nAtions: GLobAL est imAtes And trends 125

TABLE 6.2 trends in wealth Per Capita, by region, 1995–2014

1995 2000 2005 2010 2014
Annual growth 

(%)

East Asia and Pacific

total wealth per capita (us$) 76,102 83,618 89,773 117,983 140,042 3.26

Human capital per capita (us$) 54,919 57,894 56,454 71,643 84,334 2.28

Human capital as share of 
total (%) 72 69 63 61 60

Europe and Central Asia

total wealth per capita (us$) 279,651 300,506 327,765 355,495 368,233 1.46

Human capital per capita (us$) 175,863 193,142 206,622 219,664 227,581 1.37

Human capital as share of 
total (%) 63 64 63 62 62

Latin America and the Caribbean

total wealth per capita (us$) 108,351 109,692 117,115 130,960 138,294 1.29

Human capital per capita (us$) 66,961 70,415 71,791 79,225 82,750 1.12

Human capital as share of 
total (%) 62 64 61 60 60

Middle East and North Africa

total wealth per capita (us$) 91,203 95,076 113,731 143,965 158,892 2.96

Human capital per capita (us$) 35,620 39,177 44,513 50,440 54,871 2.30

Human capital as share of 
total (%) 39 41 39 35 35

North America

total wealth per capita (us$) 782,370 901,889 962,329 945,004 986,621 1.23

Human capital per capita (us$) 622,124 724,656 751,682 720,485 762,896 1.08

Human capital as share of 
total (%) 80 80 78 76 77

South Asia

total wealth per capita (us$) 9,251 10,523 12,511 15,710 18,400 3.69

Human capital per capita (us$) 4,454 5,541 6,885 8,033 9,393 4.01

Human capital as share of 
total (%) 48 53 55 51 51

Sub-Saharan Africa

total wealth per capita (us$) 26,403 21,964 22,669 25,362 25,562 –0.17

Human capital per capita (us$) 9,397 8,771 8,507 11,298 12,680 1.59

Human capital as share of 
total (%) 36 40 38 45 50

Source: World Bank calculations.
Note: Figures are in constant 2014 US dollars at market exchange rates.
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as well as for a combination of the two. The differences by gender and 
type of employment can be large. For example, in most countries, self-
employed workers tend to fare worse in earnings than wage workers, sim-
ply because in low- and lower-middle-income countries, a large share of 
the self-employed are working in subsistence agriculture.2 In addition, 
women also tend to fare worse than men in earnings, because of both 
lower education levels and a higher likelihood of being self-employed.

Globally, women account for just 39 percent of human capital wealth, 
versus 61 percent for men. The differences are even more striking for 
types of employment. Globally, self-employed workers account for only 
12 percent of human capital wealth, while employed workers account for 
88 percent. Global figures can be misleading for most countries, simply 
because most human capital wealth is concentrated in upper-middle- and 
high-income countries, so that these countries are more heavily weighted 
in global estimates.

When looking at country-specific patterns, a number of interesting 
findings emerge. Figures 6.2 and 6.3 show the relationship between the 
share of human capital wealth attributed to men (both employed and 
 self-employed) and the share attributed to self-employed workers (both 
men and women) as a function of the level of human capital wealth 
achieved, which is itself highly correlated with GDP per capita.

Figure 6.2 shows a weak downward relationship between the share 
of human capital attributed to men and the level of human capital 
wealth. Countries with higher levels of human capital wealth have 
slightly higher shares of wealth attributed to women. But there is also a 
lot of variation around the central tendency. This variation suggests that 
apart from human capital wealth, or more generally, levels of economic 

FIGURE 6.2 male share in Human Capital wealth, 2014

Source: World Bank calculations.
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development (given that the two measures are closely correlated), other 
factors such as cultural norms may play an important role in differences 
in earnings between men and women. It is interesting to note that the 
variance around the central tendency is smaller at higher levels of human 
capital wealth per capita, suggesting more homogeneity at those levels in 
the gender shares of human capital wealth.

By contrast, the relationship between human capital wealth (or 
 economic development) and the share of the wealth attributed to the 
self-employed is much stronger in figure 6.3. Even though there is again 
quite a bit of variation around the central tendency, it is clear that the 
importance of self-employment is much higher in countries with lower 
levels of human capital wealth, as well as lower levels of economic 
 development. This finding was expected, given that in those countries 
many individuals are working in subsistence agriculture and in very small 
businesses in the informal sector rather than in wage employment.

Potential Benefits from Equity in Human Capital Wealth
The estimates of the shares of human capital wealth by gender or type of 
employment can be used to conduct simple simulations of the gains that 
could be achieved from more equity in earnings and thereby gains in 
human capital wealth by gender or by type of employment.

Consider the case of gender differences in human capital wealth. 
The drivers of these differences include differences in educational 
attainment and labor force participation between men and women. 
However, other factors also play a role, including (1) careers that are 

FIGURE 6.3 self-employed share in Human Capital wealth, 2014
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interrupted for childbearing; (2) penalties for child care, as women 
work part time to meet family needs, and as employers question the 
commitment of women to their careers; (3) preferences on the part of 
women for occupations that may be lower paid, an effect that is often 
reinforced by preferences for fields of study that lead to such occupa-
tions; and (4) a lack of women in leadership positions in the workforce. 
Gender discrimination fosters and reinforces many of these negative 
influences on women’s earnings.

Despite a global trend toward greater gender parity in human capital 
wealth over time globally, not all country income groups have followed 
the trend, and progress has been fairly slow. Major gains in human capital 
wealth could still be achieved with gender equity. Globally, as shown in 
table 6.3, women account for less than 40 percent of human capital 
wealth. These are also essentially the proportions observed for upper- 
middle- and high-income OECD countries, which account for the bulk of 
total wealth, including human capital wealth. By contrast, in low-income 
and lower-middle-income countries, women account for only a third or 
less of human capital wealth.

Differences between regions are even more striking. The region with 
the largest difference in human capital wealth by gender is South Asia, 

TABLE 6.3 shares of Human Capital wealth, by Gender, 1995–2014
percent

Male share Female share

1995 2000 2005 2010 2014 1995 2000 2005 2010 2014

world 63 63 62 61 61 37 37 38 39 39

Income group

Low-income countries 66 66 66 68 67 34 34 34 32 33

Lower-middle-income countries 72 74 73 70 70 28 26 27 30 30

upper-middle-income countries 60 58 61 60 60 40 42 39 40 40

High-income non-oeCd countries 57 58 57 56 56 43 42 43 44 44

High-income oeCd countries 64 64 62 61 61 36 36 38 39 39

Regions

east Asia and Pacific 68 67 68 65 65 32 33 32 35 35

europe and Central Asia 62 62 61 61 61 38 38 39 39 39

Latin America and the Caribbean 61 57 58 57 56 39 43 42 43 44

middle east and north Africa 60 61 60 59 59 40 39 40 41 41

north America 62 62 60 59 59 38 38 40 41 41

south Asia 83 84 85 82 82 17 16 15 18 18

sub-saharan Africa 60 60 58 61 61 40 40 42 39 39

Source: World Bank calculations.
Note: OECD = Organisation for Economic Co-operation and Development.
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where 82 percent of human capital wealth is attributed to men in 2014. 
At the other extreme is North America, where 59 percent of human capi-
tal wealth is attributed to men. Europe and Central Asia and Sub-Saharan 
Africa are not far behind, with 61 percent of human capital wealth attrib-
uted to men.

Table 6.4 provides a simple measure of the gender gap in human capi-
tal wealth, defined as the ratio of the human capital wealth of women 
divided by that of men in a country. In low-income and lower-middle-
income countries, the gender gap ratio is especially low, less than 0.50. 
In other words, women in those countries have, on average, levels of human 
capital wealth below half the levels observed for men. In countries with 
higher levels of economic development, the gender gap ratio is higher, but 
still well below parity.

Assume for simplicity that the working-age population is equally 
divided between men and women. Then, if the earnings of women were 
on par with those of men, the human capital wealth of women would 
rise considerably. Assuming no decrease in the human capital wealth of 
men, the resulting gains in human capital wealth (NG) can be estimated 
as NG = (100 − gender gap ratio) × 0.50/100. As shown in table 6.4, 
human capital wealth worldwide could increase by 18 percent with 
 gender parity. In low-income and lower-middle-income countries where 

TABLE 6.4 Potential Gains in Human Capital wealth from Gender equity, 1995–2014

Gender gap ratio (×100)
(ratio of human capital wealth by gender)

Potential gain from gender equity
(percentage increase from base)

1995 2000 2005 2010 2014 1995 2000 2005 2010 2014

world 58 59 61 64 63 21 21 20 18 18

Income group

Low-income countries 52 51 51 48 49 24 24 24 26 26

Lower-middle-income countries 39 36 37 43 42 31 32 31 29 29

upper-middle-income countries 67 72 65 68 67 16 14 17 16 17

High-income non-oeCd countries 74 72 75 79 77 13 14 12 11 11

High-income oeCd countries 57 57 61 64 63 21 21 20 18 18

Region

east Asia and Pacific 47 49 48 53 54 26 25 26 23 23

europe and Central Asia 62 62 64 65 64 19 19 18 18 18

Latin America and the Caribbean 64 74 74 77 79 18 13 13 12 11

middle east and north Africa 66 63 66 71 70 17 19 17 15 15

north America 627 61 65 70 70 19 20 17 15 15

south Asia 21 18 18 22 22 39 41 41 39 39

sub-saharan Africa 66 66 72 65 64 17 17 14 18 18

Source: World Bank calculations.
Note: OECD = Organisation for Economic Co-operation and Development.
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levels of wealth are lower, the gains would be larger. The differences 
between regions are especially striking. As mentioned earlier, South Asia 
has the largest differences in human capital wealth by gender. In that 
region, if gender parity were achieved, human capital wealth would 
increase nationally by almost 40 percent. These simple simulations do 
not account for the general equilibrium impact that an influx of women 
into the labor market might generate, and thereby tend to overestimate 
the benefits that could result from gender equity. Still, these simple esti-
mates show that major gains in human capital wealth per capita could be 
achieved if women were able to work more and earn more.

Finally, it is worth noting that the differences in human capital wealth 
by gender are not likely to be related to lower returns to education for 
women. A large body of evidence suggests that the returns to education 
are often higher for women than for men. Using data from 1970 to 2014, 
Montenegro and Patrinos (2016) find that globally the returns to educa-
tion for women are 1.26 times those for men, with the highest ratio, 1.46, 
in South Asia and the lowest, 1.10, in East Asia and Pacific. Dougherty 
(2005) considers various explanations for the higher returns for women in 
the United States. Contributors to the gender pay gap can be grouped into 
discrimination, taste (preferences for certain occupations), and circum-
stances (related to child care needs). At least for the Unites States, higher 
educational attainment could enable women to overcome the handicaps 
associated with discrimination, tastes, and circumstances through, for 
example, better bargaining. Since men do not suffer such handicaps, the 
result would be higher female returns to education.

Human Capital Wealth and GDP Per Capita
The core findings from the estimates of human capital presented above 
are not really surprising. Overall, estimates of human capital wealth per 
capita are closely correlated with GDP per capita. Building on the under-
lying growth theory, previous issues of the Changing Wealth of Nations 
reports (World Bank 2006, 2011) measured total wealth as the present 
value of consumption in the national accounts. Since consumption typi-
cally accounts for 80 percent of GDP in many countries, this led to an 
almost perfect correlation between wealth estimates and GDP, whether in 
aggregate levels or per capita. Rankings of countries according to their 
total wealth per capita and their GDP per capita were therefore almost 
identical.

In this chapter, the large “intangible” wealth that was unaccounted 
for in previous estimates of the wealth of nations is now largely accounted 
for by the estimates of human capital wealth based on the present value 
of future earnings. But since labor earnings typically account for about 
60 percent of GDP (with some differences depending on the country), 
estimates of human capital wealth per capita are again strongly corre-
lated with GDP per capita. The orders of magnitude of the two estimates 
are different, with human capital wealth per capita typically seven to ten 
times larger than GDP per capita in most countries. Yet the two mea-
sures remain highly correlated. This relationship is shown in figure 6.4, 
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where both measures are provided in logarithm. A simple univariate 
regression of human capital wealth on GDP per capita generates an R2 of 
93 percent (results are similar for a regression in levels).

The fact that human capital wealth and GDP are correlated does not 
imply, however, that all countries perform similarly, or that similar policies 
to boost wealth would apply to all countries. The development challenge 
for a low-income country with heavy dependence on agricultural land and 
labor is very different from that of a middle-income country with substan-
tial produced capital. The policy context is again different, for example, 
for resource-rich countries, or high-income countries where human capi-
tal wealth truly dominates. Because of limited space, the focus in this 
chapter is on describing broad patterns and trends in human capital 
wealth. The data can be used for a wide range of policy simulations that 
take into account the countries’ specific circumstances, as shown in subse-
quent chapters.

Conclusion

This chapter provides the first-ever set of comparable estimates of human 
capital wealth based on a time series of household surveys for a large num-
ber of countries over two decades, from 1995 to 2014. The estimates sug-
gest that human capital accounts for the lion’s share of a country’s wealth, 
and typically a higher share in upper-middle-income and high-income 
countries than in poorer countries. Essentially, the large “intangible capital 
residual” that was referred to in the previous edition of The Changing 
Wealth of Nations (World Bank 2011) turns out to be, for the most part, 

FIGURE 6.4 Human Capital wealth Per Capita and GdP Per Capita

Source: World Bank calculations.
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human capital wealth. These estimates suggest that investing in human 
capital can be the springboard for diversification of national wealth and 
the economy, reducing many countries’ dependence on natural capital and 
the commodity-driven boom and bust cycles common to so many low- 
and middle-income countries.

This chapter focuses solely on human capital as a productive asset 
that produces a stream of benefits—future wages. This approach fits well 
with the notion of comprehensive wealth used in previous volumes of the 
Changing Wealth of Nations. This is not to deny that education, good 
health, and knowledge are not sources of well-being in and of themselves, 
or that doing a job well is one of the great human pleasures. It simply 
reflects a focus that is useful for assessing and guiding economic policy.

Apart from countrywide estimates, this chapter also provides esti-
mates of human capital wealth by gender and type of employment. The 
human capital of the self-employed is a large share of the total in many 
of the poorest countries where the agriculture sector and informal 
employment are significant. Gender shares of human capital wealth are 
significantly skewed toward men across most regions and income classes. 
North America had the highest female share in 2014, while South Asia 
had the lowest. This also means that achieving gender parity in wage 
earnings, and thereby human capital wealth, could greatly enhance the 
wealth of nations.

The estimates provided in this chapter should be considered a first 
attempt at measuring human capital wealth within a coherent national 
accounts framework. In future work, a number of improvements to the 
methodology used here could be undertaken. But even with the data now 
available, additional analysis as well as simulations can be undertaken to 
inform policy, as illustrated in the companion volume to this study focus-
ing on human capital (Wodon, forthcoming).

Notes

1. See also Fraumeni (2008) and Hamilton and Liu (2014) for a basic introduction 
to the literature on human capital measurement.

2. Note, however, that data are not available on the age-sex-education structure of 
the self-employed and this structure is assumed to be the same as for the wage 
employed. Although this assumption does not affect total estimates for self-
employed earnings, it does affect estimates by age, sex, and education. This 
chapter does not consider estimates of self-employed earnings by age, sex, 
or education—only overall estimates are provided.
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7
Gains in Human Capital Wealth: 
What Growth Models Tell Us

Ada Nayihouba and Quentin Wodon

Introduction

Estimates provided in chapters 2 and 6 suggest that human capital wealth 
accounts for the largest share of the wealth of nations, and in most cases 
(with the exception of some high-income countries) a larger share of wealth 
as countries achieve higher levels of economic development. This finding 
broadly suggests that investing in human capital is a smart strategy for coun-
tries to use to improve the well-being of their populations in a sustainable 

Main Messages

• This chapter describes an analysis, conducted separately for men and women, of 
some of the factors that may affect the growth in the human capital wealth of 
nations on a per capita basis. Higher rates of population growth tend to reduce the 
rate of growth in human capital wealth, while growth in the labor force has the 
opposite effect. Investments in human capital to increase the average years of 
schooling of the adult population (as a proxy for better education) as well as life 
expectancy (as a proxy for better health) have a positive effect on growth in human 
capital wealth per capita.

• The results underscore the importance of investments in education and health 
(for life expectancy) to achieve growth in human capital wealth. They also empha-
size the large role that demographic and labor market factors play in enabling 
countries to achieve higher rates of human capital wealth per capita.



THE CHANGING WEALTH OF NATIONS 2018136

way over long periods. Annual aggregate income, as measured, for example, 
by GDP per capita, can be broadly conceived of as the return to a country’s 
wealth, including produced, natural, and human capital.

How can countries promote high levels of growth in human capital 
wealth, and thereby in total wealth? The objective of this chapter is to 
consider some of the factors that affect growth in human capital wealth 
using techniques from the literature on growth modeling. Special empha-
sis is placed on the role that changes in population growth—as well as 
changes in the growth of the labor force—may play in boosting human 
capital wealth per capita. The chapter also discusses the importance of 
investing in education and health as well as the need to maintain sound 
macroeconomic fundamentals. The analysis considers the human capital 
wealth of men and women separately.

The emphasis placed in this model and empirical analysis on popula-
tion growth, as well as growth in the labor force, stems from the renewed 
attention policy makers are paying to the demographic structure of popu-
lations under the concept of the demographic dividend. At the World 
Bank, the 2015–16 Global Monitoring Report was devoted to the demo-
graphic dividend (World Bank 2016a), as was a major report completed 
for the Africa Region (Canning, Raja, and Yazbeck 2015). In January 2017, 
the Africa Union organized a key meeting in Addis Ababa on harnessing 
the demographic dividend for the realization of the Sustainable 
Development Goals. These are just a few examples of the recognition of 
the importance of demography for growth and development. Countries in 
the earlier stages of the demographic transition are well placed to take 
advantage of the demographic dividend. But to do so, a number of policies 
must be put in place.

Several cross-country analyses of economic growth have suggested a 
one-to-one negative relationship between population growth and growth 
in GDP per capita. This finding is not surprising, since growth in GDP per 
capita is mathematically the difference between GDP growth and popula-
tion growth. When population growth is high, we expect growth in GDP 
per capita to be negatively affected. But it is an important empirical find-
ing that this relationship holds not only as an accounting identity, but also 
when estimating the correlates of economic growth using cross-country 
panel data. For example, it has been suggested that demographic change 
has been a key factor contributing to the high economic growth rates 
observed in Asia often referred to as the Asian miracle (Bloom and 
Williamson 1998; Bloom and Finlay 2008). By contrast, high fertility and 
population growth rates have contributed to Africa lagging behind (Bloom 
and Sachs 1998; Bloom et al. 2007), but there are now opportunities for 
this to change (Canning, Raja, and Yazbeck 2015).

Taking inspiration from the literature on economic growth as mea-
sured by GDP per capita, this chapter considers the correlates of growth 
in the human capital wealth of nations. The chapter applies a standard 
growth model to uncover some of the factors that may affect growth in 
human capital wealth per capita. The chapter outlines the methodology 
for estimating human capital wealth per capita, provides basic data on 
human capital wealth by gender, presents the theoretical model for some 
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of the factors likely to affect growth in human capital wealth per capita 
provides a brief description of the data used in the estimation of the 
growth model, and describes the estimation results.

Measures of Human Capital Wealth

This chapter relies on the data provided in chapter 6 to model factors that 
may affect changes in human capital wealth over time. The main variable 
of interest—the dependent variable in these regressions—is the growth 
rate in human capital wealth per capita. The estimation of human capital 
wealth follows the procedure suggested by Jorgensen and Fraumeni 
(1992a, 1992b) and is discussed within the context of the broader litera-
ture on human capital by Fraumeni (2008) and Hamilton and Liu (2014), 
among others. Details on the construction of the estimates are provided in 
Barrot et al. (forthcoming).

The estimation of the human capital wealth of countries is based on 
wage regressions used to compute expected earnings for individuals 
over their lifetimes by gender, age, and education level (see Barrot et al. 
[forthcoming] for details). Labor force and household surveys are used 
to measure the number of workers according to age, sex, and education 
level, as well as their earnings. The procedure for the estimation of the 
wage regressions follows Montenegro and Patrinos (2016). Mincerian 
regressions provide estimates of the returns to schooling and experience. 
Estimations are conducted using a large number of surveys from the 
World Bank’s International Income Distribution Database (Montenegro 
and Hirn 2009).

Total earnings observed in the labor force surveys at the country level 
are adjusted to match estimates of the wage share in the national accounts 
for both employed workers and the self-employed (Feenstra, Inklaar, and 
Timmer 2015). This adjustment is based on data from the Penn World 
Table. The adjustment is used to ensure compatibility between estimates 
of human capital wealth and other estimates of wealth for countries that 
are not used here. To construct estimates of the discounted lifetime 
earnings of workers, population data as well as mortality rates by age and 
gender from the United Nations Population Division are used. The dis-
count factor for calculating the present value of future earnings estimates 
from the surveys is set at 1/1.015 per year.

The analysis in this chapter is carried out for two different periods: 
1995 to 2010 and 1995 to 2014. The main reason for considering two 
different periods in the estimations is that doing so provides a simple 
robustness test. But in addition, for some countries, although recent 
household surveys may have been implemented, they may not yet have 
been made publicly available for analysis. In that case, estimates of 
human capital wealth in 2014 must be based on older surveys, which 
could generate a small bias in the estimates of wealth and thereby pos-
sibly for the analysis. Broadly speaking, many of the empirical results 
turn out to be similar for both periods, but the results obtained for the 
period 1995–2010 are slightly better at yielding the results that the 
theoretical model suggests.
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Table 7.1 provides summary statistics on the levels of human capital 
wealth globally and by income group. Differences between countries are 
massive. Whereas human capital wealth per capita is close to $500,000 in 
high-income Organisation for Economic Co-operation and Development 
(OECD) countries, the corresponding value for low-income countries is 
only slightly more than $5,500.

Apart from estimates of total human capital wealth, the estimation 
procedure generates estimates of human capital wealth by gender. Globally, 
as shown in table 7.1, women account for nearly 40 percent of human 
capital wealth. This is also the proportion observed for upper-middle- and 
high-income OECD countries, which account for the bulk of human 
 capital wealth and thereby have a higher weight in global estimates. 
By contrast, in low-income and lower-middle-income countries, women 

TABLE 7.1 Levels and Gender shares in Human Capital wealth, by income Group, 1995–2014

1995 2000 2005 2010 2014

World

Human capital wealth per capita (us$) 88,874 96,478 97,707 102,170 108,654

 men’s share (%) 63 63 62 61 61

 women’s share (%) 37 37 38 39 39

Low-income countries

Human capital wealth per capita (us$) 3,921 4,016 4,046 4,447 5,564

 men’s share (%) 66 66 66 68 67

 women’s share (%) 34 34 34 32 33

Lower-middle-income countries

Human capital wealth per capita (us$) 7,992 7,917 9,301 11,421 13,117

 men’s share (%) 72 74 73 70 70

 women’s share (%) 28 26 27 30 30

Upper-middle-income countries

Human capital wealth per capita (us$) 31,906 36,716 38,526 54,740 65,742

 men’s share (%) 60 58 61 60 60

 women’s share (%) 40 42 39 40 40

High-income OECD countries

Human capital wealth per capita (us$) 408,992 458,949 472,722 471,270 498,399

 men’s share (%) 64 64 62 61 61

 women’s share (%) 36 36 38 39 39

Source: World Bank calculations.
Note: Income categories are skewed by lack of data by gender for China and the Gulf Cooperation Council countries. Figures are in constant 
2014 US dollars at market exchange rates. OECD = Organisation for Economic Co-operation and Development.
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account for only a third or less of human capital wealth. Many countries, 
but not all, have made progress toward greater gender parity in human 
capital wealth, but only slowly.

Why are there differences between men and women in human 
 capital wealth? The reasons are multiple, but two factors stand out. First, 
men have higher labor force participation rates than women in many 
countries, and they often work more hours in “productive work.” Women 
tend to work, on average, more hours than men overall, but a much larger 
share of this work is dedicated to “domestic work,” so they tend to have 
lower earnings. In addition, men tend to earn more than women when 
they are working. Part of the wage gap by gender is due to differences 
in educational attainment between men and women, which itself is often 
due to deeply entrenched social norms, but other factors also play a role, 
including various forms of gender discrimination. The reasons leading to 
a gender wage gap in both earnings and labor force participation are not 
discussed in this chapter. But it should be noted that the growth in human 
capital wealth per capita attributed to women is slightly higher than that 
attributed to men, suggesting that women may be very slowly catching 
up with men.1

Convergence in Human Capital Wealth?

To set the stage for the analysis of the drivers of growth in human 
 capital, figure 7.1 displays scatterplots for the levels of human capital 
wealth per capita estimated in 1995 and in 2014. This estimation is 
made separately for men and women. Since estimates are in logarithms, 
the difference between values for 2014 and the diagonal for a country 
approximately represents (when estimates are not too large) the cumu-
lative growth in human capital per capita observed over two decades 
for that country. The same scales are used for both figures to facilitate 
comparisons by gender.

Several insights emerge from the figure. First, for both men and 
women, most countries lie above the diagonal, suggesting that an over-
whelming majority of countries benefited from an increase in human 
capital wealth per capita between 1995 and 2014. However, a few 
countries have lost ground, often because of a conflict or other shock. 
Second, as already mentioned, the levels of human capital wealth tend 
to be lower for women than for men—the values on the horizontal axis 
of the scatter plot for men tend to be slightly to the right of the values 
on the scatter plot for women. Third, and important for the topic of 
this chapter, growth rates in human capital tend to be higher for lower-
income countries, that is, the observations in the scatter plots for lower-
income countries tend to be located farther away from the diagonal 
than the observations for higher-income countries. In other words, 
there appears to be some level of convergence in human capital wealth, 
with poorer countries catching up. This is evident for both men and 
women.
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That there appears to be some level of convergence in human capital 
wealth, with higher growth rates for lower-income countries, should not 
be too surprising given major investments made in the past two decades to 
improve education levels and to improve the health of populations. 
In many countries, the benefits from the demographic transition also are 
starting to make a difference, generating higher estimates of human capital 
wealth, in part because a larger share of the population is of working age. 

FIGURE 7.1 Convergence in Human Capital wealth Per Capita, by Gender

Source: World Bank calculations.
Note: Figures are in constant 2014 US dollars at market exchange rates.
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Finally, economic growth rates have also been higher in much of the devel-
oping world than in high-income countries in the past two decades. 
However, the apparent convergence does not mean that poorer countries 
are catching up quickly—the differences in estimates of human capital 
wealth between countries remain massive, as shown in table 7.1.

Modeling Human Capital Wealth Per Capita

This chapter’s objective is to assess some of the factors that may lead to 
faster growth in human capital wealth per capita. As discussed in chapter 6, 
the measure of human capital wealth per capita is based on estimates of 
the discounted value of future wages for the working population. 
Therefore, when looking at the correlates of growth in human capital 
wealth per capita, it makes sense to explicitly factor in not only general 
conditions that make the labor force productive, such as macroeconomic 
characteristics of the economy and aggregate measures of human capital 
such as the level of education and health status of workers, but also growth 
of the population and of the labor force.

The model is inspired by the growth literature, but instead of looking 
at growth in GDP per capita, it looks at growth in human capital wealth 
per capita. H is the human capital wealth of a nation, P is its population 
size, and L is the size of the actual labor force. Human capital wealth per 
capita can be expressed as H/P = (H/L) × (L/P). In logarithm, this is 
expressed as log(H/P) = log(H/L) + log(L/P). To simplify notations, denote 
the logarithm of human capital per capita by h and the logarithm of 
human capital per worker by z, so that z = h − log(L/P). The growth in 
human capital per capita (gh) is equal to growth in human capital per 
worker (gz) plus growth in the labor force (gL) minus growth in the popu-
lation (gP), so gh = gz + (gL− gP).

In growth models, it is common to consider the variable of interest 
(GDP per capita growth) as a function of the steady-state level of the vari-
able under consideration and current conditions represented by the initial 
value of that variable. The same approach is used here for human capital 
wealth per capita. To introduce directly into the model the role of the 
labor force, denote by z* the steady-state level of the logarithm of human 
capital per worker and by z0 the initial value. The growth rate in human 
capital wealth per worker can be expressed as gz = l(z*−z0). If a matrix of 
variables affecting steady-state growth is denoted by X, so β=∗z X ,  a 
regression model specified as follows would be estimated:

 
β e( )= l − +g X zz ,0  (7.1)

where e is a random error term and X is a set of exogenous variables that 
may affect growth. Given the identities outlined earlier, equation (7.1) can 
be rewritten as follows to estimate the correlates of the growth in human 
capital per capita while factoring in population growth:

 
e( )= l β − l + l 





+ − +g X h
L
P

g gh PL
log .0

0  (7.2)
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Simple predictions can be made from this specification about some of 
the correlates of the growth in human capital per capita. First, the model 
suggests that the regression coefficient for growth in the labor force should 
be equal to 1, so that every percentage point increase in the labor force 
should generate a corresponding increase in human capital per capita. 
By contrast, the coefficient for growth of the population should be −1, so 
that higher population growth should reduce the growth in human capital 
wealth per capita. Moreover, the coefficients for the logarithm of the  initial 
value of human capital per capita and the logarithm of the proportion of 
workers should be the same, but with opposite signs. Much of the litera-
ture indicates convergence in economic growth, which is typically inter-
preted in part by having a positive sign for the coefficient l, so that countries 
with lower levels of GDP per capita grow faster, on average. The same is 
expected here, with a higher rate of growth in human capital expected for 
countries with initially lower levels of human capital per capita.

As an additional decomposition, we can also look at growth in the 
working-age population, in which case the labor force needs to be decom-
posed into the product of the working-age population and the share of 
the working-age population that is actually working. Denote by WA the 
working-age population. This can be expressed as log(H/P) = log (H/L) + 
log(L/WA) + log(WA/P). Using the same notation as before, this leads to 
gh = gz + (gL−gWA) + (gWA−gP). The model that incorporates this additional 
decomposition is specified as

 
e( )

( )= l β − l + l 





+ l 





+ −

+ − +

g X h
L

WA
WA

P
g g

g g

h L WA

WA p

log log

.

0
0 0

 (7.3)

As mentioned earlier, the data on human capital wealth per capita is 
available for both men and women. Therefore, the model suggested in 
equation (7.3) can be estimated separately for men and women. In so 
doing, some variables are specific to each sex, while other variables are at 
the national level. Specifically, the population size P in the model is the 
same for both sexes since the measures of human capital are per capita 
(taking into account the entire population). By contrast, the analysis uses 
data on the size of the labor force and the working-age population by 
gender. Similarly, while macroeconomic controls (inflation, investment, 
trade, and government spending) in the regressions are specified at the 
national level, variables related to the education and life expectancy of the 
labor force are disaggregated by gender.

Summary Statistics

The dependent variables in the models are the growth rates in human 
 capital wealth per capita attributable to women and men separately 
over five-year intervals. As independent variables, apart from the initial 
level of human capital wealth, the regressors include two measures of 
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human  capital: (1) the average years of schooling of the adult population 
(a proxy for education-related human capital) and (2) life expectancy at 
birth (a proxy for health-related human capital). Given that macroeco-
nomic conditions may affect wages and thereby estimates of human capital 
wealth, a number of variables related to trade, government spending, 
investment, and inflation are included in the covariates. These variables are 
typically those used in models for economic growth (DeLong and Summers 
1991; Mankiw, Romer, and Weil 1992). All variables are from the World 
Bank’s World Development Indicators (World Bank 2016b), with two 
exceptions: the average years of schooling in the adult population are 
obtained from the Barro and Lee data set (Barro and Lee 2016), and the 
measures of human capital wealth are those reported in chapter 6 (see also 
Barrot et al. [forthcoming] for more details on the estimation procedure).

Summary statistics for the variables are presented in table 7.2 for the 
countries included in the regression (some correlates are not available for 
some countries, which reduces the sample size for the regression analy-
sis). The statistics are provided for two periods: 1995 to 2010 and 1995 
to 2014. Consider first the growth in human capital wealth per capita, 
using the statistics for 1995 to 2014. The average five-year growth rate in the 
sample for human capital wealth per capita attributed to men is 9.67 percent, 
while the median is 9.15 percent. For women, the growth rates are slightly 
higher: 11.34 percent for the mean and 10.25 percent for the median. 
This suggests that in real terms, the average annual growth rate in human 
capital wealth per capita is about 2 percent, with the present value of 
women’s future earnings slowly catching up to that of men. “Slowly” is 
the right term, and there is a lot of catching up to do. Indeed, the mean 
level of human capital wealth per capita attributed to men across all 
countries and years is slightly greater than $83,500, but the median is 
much lower at just over $20,000. By contrast, the human capital wealth 
attributed to women is lower (mean value just above $53,300 and median 
about $15,000).

The model predicts that the growth rates of the population, of the 
working-age population, and of the labor force may be important factors 
affecting human capital wealth per capita. In terms of basic statistics for 
the estimations, as shown in table 7.2, the average share of the labor force 
in the total population is lower than the average share of the working-age 
population in the total population, as one would expect. For men, 
the growth rates in the labor force are higher than the growth rates in the 
working-age population, whereas the reverse is observed for women. Note 
also that because growth in the labor force appears to be higher for men 
than for women, the slight catching up observed for women in human 
capital wealth is likely due to gains in earnings, and perhaps not as much 
to gains in labor force participation in comparison with men. Overall, 
growth rates in the working-age population and the labor force tend to be 
higher than the population growth rates, suggesting that many countries 
are reaping the benefits of the demographic dividend.

Other factors that could affect growth in human capital per capita 
include proxies for human development. Two factors are used here. 
The average years of schooling for the adult population is about eight 



CHAPter 7 : GA ins in  HumAn CAPitAL weALtH: wHAt GrowtH modeLs teLL us 145

years in the sample as a whole. As expected, it is higher for men than for 
women. Life expectancy is close to 70 years, and is higher for women than 
men, again as expected. Macroeconomic variables suggest that, on average, 
more than a fifth of GDP is invested every year. Government expenditure 
accounts for about 16 percent of GDP, on average. Trade accounts for 
about four-fifths of GDP, depending on whether the mean or median 
value is used. Finally, inflation is, on average, slightly above 20 percent over 
a five-year period.

Estimation Results

The predictions suggested by the model can be tested by estimating the 
model using a cross-country panel data set. Two periods are used for the 
analysis: 1995 to 2010, and 1995 to 2014, for the reasons mentioned ear-
lier. Detailed results from six different specifications of the model are 
available from the authors. The discussion here focuses on the main 
results. These results are provided in table 7.3 for the most parsimonious 

TABLE 7.3 Correlates of the Growth in Human Capital wealth of nations Per 
Capita: Key results

Parsimonious model: Equation (7.2) without 
macroeconomic variables

Extended model: Equation (7.3) with 
macroeconomic variables

1995–2010 1995–2014 1995–2010 1995–2014

Men Women Men Women Men Women Men Women

Lagged human capital 
wealth per capita −0.076*** −0.065*** −0.071*** −0.058*** −0.074*** −0.058*** −0.068*** −0.053***

schooling 0.021*** ns 0.020*** ns 0.017** ns 0.018*** ns

Life expectancy 0.607*** 0.574*** 0.470*** 0.475*** 0.362** 0.332** 0.260*** ns

Labor share ns 0.076* ns 0.082**

Population Growth ns 0.878* ns ns

Labor force growth ns ns ns ns

Public investment (%) 0.092** ns ns 0.101***

Government 
spending (%)

ns ns ns ns

trade (%) ns ns 0.103*** ns

inflation −0.213* ns −0.231** ns

Log(L/wA) −0.254* ns ns 0.395***

Log(wA) ns ns ns ns

g
L − gWA ns ns 1.077** ns

gWA − gp ns ns ns ns

Constant −1.203** −2.040*** −0.990 −1.714 ns ns ns ns

Source: World Bank calculations. 
Note: L = labor force; WA = working-age population.
*p < 0.1; **p < 0.05; ***p < 0.01; NS = not significant.
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and the most comprehensive specifications estimated in chapter 6. The 
most parsimonious specification does not include controls for macroeco-
nomic variables, nor does it provide decompositions for the demographic 
variables. The most comprehensive specification includes macroeconomic 
variables as controls and also decomposes the demographic variables as in 
equation (7.3).

A number of results are fairly stable across specifications as well as 
samples. As expected, the coefficient for the initial level of human capital 
per capita is statistically significant and negative, which can be related 
loosely to conditional convergence in human capital wealth growth, as is 
often observed with GDP per capita growth. The results are robust to 
alternative specifications. There are limits to the interpretation of the coef-
ficient suggesting convergence, but these need not be discussed here. As 
shown in figures 7.1 and 7.2, there does appear to be convergence statisti-
cally; furthermore, growth rates in human capital wealth per capita are 
higher at lower initial levels.

The proxies for human development tend to have positive and statis-
tically significant impacts on growth in human capital wealth. For both 
men and women, the impact of life expectancy is positive, which could 
denote gains in productivity as well as gains in the number of years that 
workers are able to work. For men, the impact of average years of educa-
tion is also positive, but it is not statistically significant for women.

In principle, according to the theoretical model presented earlier, the 
coefficients for the logarithm of the initial value of human capital per 
capita and for the logarithm of the proportion of workers in the popula-
tion should be the same, but with opposite signs. That prediction is 
respected in the models for women. For men, the coefficient is not statisti-
cally significant, but the standard error is such that equality of the two 
coefficients in absolute value cannot be rejected.

The regression coefficient for growth in the labor force is predicted to 
be equal to 1, while the coefficient for growth of the population is pre-
dicted to be −1. The two coefficients are predicted to be of equal value, 
but opposite sign. In the basic model, those predictions often cannot be 
rejected, but at the same time most coefficients are not statistically signifi-
cant. In the sole case in which the coefficient is statistically significant, the 
coefficient for growth of the labor force for women is indeed close to 1, as 
predicted by the model.

In the more extensive specification of the model, two main changes 
are made. First, additional controls are included to account for macroeco-
nomic conditions. Second, the demographic and labor force participation 
variables are decomposed to take into account two terms: the differential 
in growth rates between the labor force and the working-age population, 
and the differential in growth rates between the working-age population 
and the overall population. The model predicts coefficients for both vari-
ables to be equal to 1.

The results for men tend to fairly closely replicate the predictions of 
the model. For women, a smaller number of coefficients are statistically 
significant. This outcome could reflect the fact that other factors, such as 
cultural norms, not included in the model may play an important role in 
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driving growth in human capital wealth. In addition, it could also be that 
these measures of human capital wealth are more subject to measurement 
error for women. Indeed, in many countries fewer women work, especially 
in the formal sector, and formal sector work is used as a basis for the esti-
mation of wage regressions that are, in turn, used for estimating human 
capital wealth.

Still, overall the results suggest that—at least for men—an increase in 
the labor force as a share of the working-age population is associated with 
a corresponding increase in human capital per capita. Similarly, an increase 
in the working-age population as a share of the overall population has the 
same effect. In other words, holding other variables constant, a higher rate 
of population growth is associated with a reduction in human capital per 
capita, at least within the time frame of the model (five-year intervals). By 
contrast, having more workers is beneficial, whether because a larger share 
of working-age individuals is in the population or a higher share of those 
individuals are actually in the labor force. Longer term, lower population 
growth may lead to a reduction in human capital wealth, as is observed 
with aging in several high-income countries. But for many countries at 
lower levels of development today, in the short to medium term there are 
clear benefits to be reaped from lower population growth and, even more 
important, from the demographic dividend that has been associated in 
many countries with a larger share of the population working, and from 
rising education levels.

Finally, results for the macroeconomic variables suggest that more-
open economies tend to have a higher growth rate of human capital wealth 
per capita. By contrast, a higher rate of inflation is associated with lower 
growth rates in human capital wealth per capita. The coefficients for 
investment and government spending, both expressed as shares of GDP, 
are not statistically significant. In the economic growth literature, various 
variables turn out to be statistically significant depending on the specifica-
tions used. The results here align with the literature, in that for coefficients 
that are statistically significant, the directions of the effects are as expected. 
Indeed, open economies tend to reward workers who have higher levels of 
education, which could generate higher values of human capital wealth 
per capita. By contrast, inflation may erode growth as well as workers’ 
wages, thereby affecting human capital wealth negatively.

Conclusion

This chapter analyzes some of the factors that may affect growth in the 
human capital wealth of nations on a per capita basis. Because the human 
capital wealth measures can be disaggregated by gender, the analysis is 
conducted separately for men and women. The modeling approach fol-
lows similar work conducted for economic growth, with an emphasis on 
demographic factors that may affect growth rates.

The results of the analysis conform for the most part to the predic-
tions of the model, at least for men. Higher rates of population growth 
tend to reduce the rate of growth of human capital wealth, whereas 
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growth in the labor force has the opposite effect. Investments in human 
capital to increase average years of schooling of the adult population 
(as a proxy for education) as well as life expectancy (as a proxy for 
health) have a positive effect on growth in human capital wealth per 
capita. The effect of life expectancy is also positive and statistically 
significant. When a set of macroeconomic variables is added to the esti-
mation, familiar results are obtained, in that inflation is associated with 
slower rates of growth of human capital wealth, while open economies 
are associated with higher growth rates when effects are statistically 
significant.

None of those results are especially surprising, and the estimations 
mimic, to some extent, what is observed for economic growth. This out-
come is to be expected, since in a reduced form model, it could be shown 
that growth in human capital wealth per capita is itself strongly correlated 
with economic growth. Recall that human capital wealth is estimated as 
the future value of discounted earnings, with earnings clearly driven in 
good part by how the economy is doing as a whole.

Still, although none of the results are too surprising, they do help 
draw attention to the importance of investments in education and health 
(for life expectancy) for achieving growth in human capital wealth, and 
just as important, they also underscore the large role that demographic 
and labor market factors play in enabling countries to achieve higher rates 
of human capital wealth per capita. Some of the results obtained are 
stronger for men than for women in terms of their conformity with the 
model being tested. This is not too surprising given that for women, other 
factors not included in the models, such as social and cultural norms, may 
play a large role in enabling or curtailing their earnings potential.

Note

1. A more detailed discussion of gender parity and other issues related to human 
capital wealth is provided in the companion volume to this study on human 
capital (Wodon, forthcoming).
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8
Intangible Capital as the Engine 
for Development in Morocco

Kirk Hamilton, Jean-Pierre Chauffour, and Quentin Wodon

Main Messages

• The gap in wealth between Morocco and selected other countries of the Middle 
East and North Africa region (MENA) of similar levels of economic development 
is primarily the result of relatively lower levels of human capital per capita. 
Increasing human capital in Morocco requires reforms in the education sector and 
labor markets, plus a greater emphasis on early childhood development.

• From 2005 to 2014, Morocco achieved strong growth in per capita wealth, a rise 
of 45 percent. However, this growth masks weaknesses. When population growth 
is taken into account, the net change in real wealth per capita—as measured 
through adjusted net saving (ANS)—fell from roughly US$400 in 2005 to less 
than US$100 in 2014.

• Women account for only about a fifth of total human capital in Morocco. If gender 
parity in human capital wealth were achieved, levels of human capital wealth in 
Morocco could increase by more than a third. In addition, the country should 
invest more in early childhood development as well as in improving the quality of 
its education system.

• Equally important will be institutional reforms to create a modern administration, 
improve public investment and financial management, and increase voice and 
accountability and access to information.
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Introduction

In an important speech given in July 2014, King Mohammed VI called 
for an assessment of Morocco’s development that would include the 
“country’s historical and cultural heritage, social and human capital, … 
the quality of institutions, innovation and scientific research, cultural and 
artistic creativity, the quality of the environment…. The objective of the 
study is not only to highlight the value of our country’s intangible capital, 
but also to make sure intangible capital is used as a key standard in the 
development of public policies, so that all Moroccans may benefit from 
their country’s wealth.”

The context for the king’s speech was that Morocco had made 
significant economic progress since 2000 but that the rate of conver-
gence with high-income countries, including Mediterranean peers, was 
too low to meet the aspirations of Moroccan citizens, particularly its 
youth. Although intangible assets are usually defined somewhat nar-
rowly in the System of National Accounts (EC et al. 2009) as consist-
ing primarily of intellectual property, the king had in mind a broader 
concept, closer to that developed by the World Bank and encompassing 
human, social, and institutional capital (World Bank 2006, 2011). In 
the aftermath of the king’s speech, the World Bank prepared a Country 
Economic Memorandum—Morocco 2040: Emerging by Investing in 
Intangible Capital—that focuses on the role that intangible capital 
could play in accelerating Morocco’s transition to upper-middle-
income status (World Bank 2017a).

Morocco 2040 highlights the challenges faced by the country in its 
quest for convergence with higher-income countries. Macroeconomic 
reforms, trade and competitiveness, and institutional reforms are high on 
the country’s development agenda. From the perspective of building 
wealth for the future, three key issues stand out. First, the report notes that 
growth in the first decade of the 2000s was driven by investment in fixed 
capital, especially in the public sector. Second, and by contrast, although 
Morocco could benefit from a demographic dividend thanks to a large 
cohort of workers ages 15 to 35 years, gains in human capital have not 
kept pace. Investments in education have led to universal primary enroll-
ment as well as higher enrollment rates in secondary and postsecondary 
education. But educational quality remains low, as do labor force partici-
pation rates, especially for women. Third, total factor productivity has not 
taken off, and productivity gains have remained too modest to sustain a 
rapid economic catch-up.

Building on the impetus provided by the king’s speech and the 
preparation of the Morocco 2040 economic memorandum (World Bank 
2017a), this chapter presents an analysis of the growth and changing 
composition of the wealth of Morocco and its peers in the region, with 
particular emphasis on human capital. It then turns to the govern-
ment’s priorities across a broad range of contributors to intangible 
wealth and economic development. These priorities include creating a 
modern administration, governance reforms, support for the rule of 
law,  increasing the scope of competitive markets, integrating with 
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global markets, reforming labor laws, implementing education and 
health sector reforms, boosting early childhood development, increas-
ing gender equality, and fostering social trust. The reforms are briefly 
discussed; for some of them, estimates are provided of the gains in 
wealth per capita that could result.

The structure of the chapter is as follows. The next section provides a 
brief description of trends in Morocco’s wealth, together with analysis of the 
main components of this wealth. Then some of the reforms under consider-
ation by the government are described. Estimates are provided of the poten-
tial gains that could be achieved from some of the reforms. The analysis is 
only meant to be illustrative of the magnitude of the gains that could be 
achieved, but it is hoped that it is instructive. A brief conclusion follows.

Trends in Morocco’s Wealth

A key finding from previous World Bank studies on the wealth of nations 
(World Bank 2006, 2011) was that intangible wealth constitutes the 
lion’s share of total wealth, especially for high-income countries. This 
finding is confirmed in this study for the world as a whole (chapters 2 
and 6) as well as for Morocco. The country has enjoyed strong growth in 
wealth since 2005, as seen in table 8.1 and figure 8.1. Total wealth per 
capita grew by 45 percent in 10 years. Produced capital grew proportion-
ately. Natural capital grew strongly, more than doubling owing to rising 
agricultural productivity and the development of mineral reserves, while 
the net foreign asset position of the country declined slightly. The lagging 
wealth component was human capital, which grew by only 22 percent.

Comparator Countries
How does Morocco compare with selected competitor countries? 
Table 8.2 compares wealth levels in Morocco with those in the Arab 
Republic of Egypt, Jordan, Lebanon, Spain, and Tunisia, as well as the 
average of all upper-middle-income countries. The other countries 
from the region were selected because they tend to have levels of 
economic development similar to those observed in Morocco.

TABLE 8.1 morocco’s wealth Per Capita, 2005–14

Total wealth
Produced 

capital Landa Energy Minerals
Total natural 

capital
Human 
capital

Net foreign 
assets

2005 27,956 9,469 5,266 2 165 5,433 13,527 −472

2010 34,756 11,634 7,227 3 1,979 9,209 15,239 −1,325

2014 40,488 13,616 10,037 3 2,332 12,372 16,490 −1,990

% change 
2005–14 44.8 43.8 90.6 95.0 1313.3 127.7 21.9 321.2

Source: World Bank calculations.
Note: Figures for wealth are in constant 2014 US dollars at market exchange rates.
a. Land comprises primarily agricultural land, with small values of forestland and protected areas.
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Total wealth per capita in Morocco stood at just about US$40,000 in 
2014, a level similar to that observed in Egypt but less than the levels 
observed in Jordan, Lebanon, and Tunisia. Spain is also included in the 
table, with wealth per capita that is 8.5 times higher than in Morocco, even 
though wealth per capita declined in Spain over the past decade because of 
the 2008–09 financial crisis. Table 8.2 suggests that much of the gap 
between Morocco and other MENA countries is the result of lower levels 
of human capital per capita. Note that in the MENA-3—Jordan, Lebanon, 
and Tunisia—the average level of wealth per capita is slightly greater than 
US$53,000. The main difference between the MENA-3 countries and 
Morocco is human capital wealth. If Morocco’s level of human capital 
wealth was equal to that of the average of the MENA-3—a gain of close to 
US$15,000, or almost double Morocco’s current human capital wealth—
the country’s total wealth per capita would be greater than the MENA-3 
average.

This is illustrated in a different way in figure 8.2, which decomposes 
wealth in Morocco and comparator countries by source. The composition 
of the wealth of Morocco and its peers shows distinct differences. 
Morocco stands out with a relatively low share of human capital, at 
roughly 40 percent of the total, compared with roughly 60 percent of the 
total in the other countries. Spain shows a pattern typical of high-income 
countries, with a high level of produced and human capital and an insig-
nificant contribution from natural capital (in absolute terms, the value of 
Spain’s natural capital per person is on par with other countries).

FIGURE 8.1 Components of morocco’s wealth Per Capita, 2005 and 2014
US$

Source: World Bank calculations.
Note: Figures for wealth are in constant 2014 US dollars at market exchange rates.
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FIGURE 8.2 sources of wealth in morocco and Comparator Countries, 2014
percent

Source: World Bank calculations.
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TABLE 8.2 wealth Per Capita in morocco and Comparator Countries
US$

Total
wealth

Produced
capital

Natural
capital

Human
capital

Net foreign
assets

Individual countries

morocco (1) 40,488 13,616 12,372 16,490 −1,990

egypt, Arab rep. 38,470 5,605 11,229 22,591 −955

Jordan 49,287 17,577 8,876 27,312 −4,478

Lebanon 65,148 31,015 4,131 42,153 −12,151

tunisia 45,150 14,838 10,178 24,796 −4,662

spain 342,470 142,821 10,298 215,593 −26,241

upper-middle-income country average 112,798 28,527 18,960 65,742 −432

MENA-3 (Jordan, Lebanon, Tunisia)

Average for menA-3 (2) 53,195 21,143 7,728 31,420 −7,097

Morocco versus MENA-3

difference (2) – (1) 12,707 7,527 −4,643 14,930 −5,107

Source: World Bank calculations.
Note: Figures are in constant 2014 US dollars at market exchange rates. MENA = Middle East and North Africa.
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Adjusted Net Saving
Another way to look at wealth accumulation is to use data on adjusted net 
saving (ANS). As discussed in chapter 2, ANS is measured as gross national 
saving minus depreciation of produced capital and depletion of natural 
capital, plus public expenditures for education. Although the measure has 
a number of limitations, it is easy to interpret. A negative ANS suggests 
that a country is running down its capital stocks and thereby possibly 
reducing future social welfare. By contrast, a positive ANS suggests that a 
country is adding to its wealth and thereby its future well-being. In other 
words, ANS measures the portion of national income that is not consumed 
by the private and public sectors, adjusted to reflect investment in human 
capital, depreciation of fixed capital, resource depletion, and the costs of 
pollution damage.

Table 8.3 suggests that Morocco is experiencing a reduction in 
ANS per capita. ANS per capita was a healthy US$688 in 2005, but it 
decreased to US$631 in 2014. This was mirrored in the decline of ANS 
as a percentage of gross national income from roughly 28 percent in 
2005 to 20 percent in 2014. Saving effort, measured in net terms, has 
declined, and when considering population growth the decline is even 
more severe, as described in chapter 3.1 The existing capital stock has 
to be shared with the new population cohort, which is a type of wealth 
dilution. This effect is captured in the measure of “population dilution 
per capita” in table 8.3.

Subtracting the adjustment for population dilution from ANS per 
capita yields adjusted net saving – population adjustment (ANS-PA) 
which is a key indicator of likely future well-being per capita. 
In Morocco, ANS-PA dropped from slightly more than US$400 per 
person in 2005 to well under US$100 per person in 2014. In other 
words, the combined effects of a declining saving effort, as measured by 
ANS, and rising population growth reveals a marked deceleration in 

TABLE 8.3 decomposing morocco’s net wealth Creation Per Capita, 2005–14
US$

2005 2010 2014

Population growth rate (%) 1.0 1.2 1.4

Ans per capita 688 676 631

Population dilution per capita 270 428 563

Ans-PA 418 248 68

Ans as a percentage of Gni 28.4 23.3 20.0

Ans-PA as a percentage of Gni per capita 17.2 8.5 2.1

total wealth per capita 27,956 34,756 40,488

Sources: World Bank calculations; and World Bank 2017b.
Note: Figures are in constant 2014 US dollars at market exchange rates. ANS = adjusted net saving; ANS-PA = adjusted net saving minus 
adjustment for population dilution; GNI = gross national income.
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net wealth creation per person, from 17 percent of total wealth per 
capita in 2005 to 2 percent in 2014. This drop has consequences for the 
speed with which Morocco can hope to reach high-income-country 
status. Reversing the recent trend requires a renewed focus on increas-
ing saving effort and associated investments.

Morocco 2040: Building Human Capital

As mentioned earlier, Morocco’s produced capital grew at a rate similar to 
that of its total wealth. Natural capital grew faster, but human capital 
lagged, with a growth rate of only half that of total wealth. Given that 
human capital is the largest source of wealth in most advanced economies, 
building Morocco’s human capital is the development challenge. The gap 
in wealth observed between Morocco and other MENA countries in 
table 8.2 is primarily the result of low levels of human capital per capita. 
Increasing the quantity and quality of human capital in Morocco requires 
reforms in the education sector as well as in labor markets. In addition, a 
greater emphasis on early childhood development is needed to better pre-
pare children for entry into the school system.

Early Childhood Development
As noted in (Wodon forthcoming), putting resources into early child-
hood development (ECD) is considered one of the smartest investments 
that countries can make. Children entering school suffering from depri-
vation face important handicaps that can have lifelong consequences. 
Children’s physical, socioemotional, and cognitive development are 
closely linked (Shonkoff et al. 2012). Neurological studies show that 
synapses develop rapidly in the first 1,000 days of a child’s life (Nelson 
2000). These synapses form the basis of cognitive and emotional func-
tioning later in life. Poor nutrition or lack of stimulation may therefore 
not only lead to poor physical growth but also impede brain develop-
ment, with negative impacts later in life on academic achievement as a 
student and future productivity in adulthood. The implication is that 
young children require nurturing care—defined by Black et al. (2017) as 
health, nutrition, security and safety, responsive caregiving, and early 
learning.

Investments in ECD have high economic rates of returns (Carneiro 
and Heckman 2003; Heckman and Masterov 2007; Engle et al. 2011; 
Denboba et al. 2014), particularly when compared with investments 
made later in life. This matters for human capital wealth because this 
wealth is essentially measured as the net present value of the population’s 
future earnings. Interventions to provide psychosocial stimulation to 
growth-stunted toddlers have been shown to have the potential to increase 
earnings in adulthood by a fourth (Gertler et al. 2014). Similar results 
have been observed for interventions to avoid stunting, with gains in per 
capita consumption in adulthood of 21 percent (Hoddinott, Maluccio, 
et al. 2008; Hoddinott, Alderman, et al. 2013). Enrollment in preschool 
also has been shown to have high returns (Engle et al. 2011).
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How is Morocco doing in this area? Figure 8.3 provides rates of 
enrollment of children in at least one year of preschool for Morocco 
and the comparator countries. Morocco’s performance is respectable, 
lagging behind only Lebanon. But Morocco appears to have lost 
ground between 2000 and 2014–15, whereas all the other countries 
have made gains.

Another widely used indicator of ECD is the stunting rate. A child is 
considered stunted if his or her height is more than two standard devia-
tions below the median reference height for that age. As noted in Wodon 
(forthcoming), stunting often results from persistent insufficient nutrient 
intake and infections. It may lead to delayed motor development and 
poor cognitive skills that can affect school performance as well as produc-
tivity and earnings later in life. How is Morocco doing in this area? Almost 
one in six children (14.9 percent) was stunted in Morocco in 2011. 
As shown in figure 8.4, where Morocco is represented by the orange dot, 
the country’s stunting rate is in line with expectations given the country’s 
level of economic development (represented in the horizontal axis by the 
logarithm of gross domestic product [GDP] per capita). Yet, according to 
the literature, reducing stunting to the level in comparator countries 
would result in a gain in earnings of about 25 percent for one-sixth of the 
population, and thereby a gain in human capital wealth nationally of 
about 4 percent, which is far from negligible.

Primary and Secondary Education
Morocco has high enrollment rates but also well-known weaknesses in 
education outcomes, both in poor student performance on interna-
tional tests and persistently high levels of adult illiteracy. Reform needs 

Source: World Bank 2017b.

FIGURE 8.3 enrollment rates in Preprimary education
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to begin in the school system with revisions to curriculum and teach-
ing methods. An emphasis on basic skills is a starting point, as is upgrad-
ing vocational training to prepare students for the needs of enterprises. 
Teaching performance is another weak point and will require reforms 
in teacher training, recruitment, evaluation, coaching, and ongoing 
professional development. Greater use of information and communi-
cation technologies can play a role in the teaching process, including 
testing and training; but, to be successful, information and communi-
cation technologies need to be closely related to the curriculum. 
Beyond the classroom, greater engagement of parents in their  children’s 
education will be an important complement. More broadly, review and 
reform of education sector governance will be needed, focused on the 
roles of different players, including officials, administrators, teachers, 
students, and families. This reform can be combined with new ways of 
financing and governing schools, including charter schools, school 
vouchers, and similar approaches that have been proven to yield results 
internationally.

The potential gains from such reforms are difficult to assess because 
gains in wages depend on both the supply of skills, which can be improved 
through better education systems, and the demand for skills in the labor 
market. But it is important to note that any gain in the returns to educa-
tion brought about by better quality in the education system could trans-
late into an equivalent gain in human capital wealth because human 
capital wealth is estimated as the net present value of the population’s 
future earnings.

FIGURE 8.4 under-Five stunting rate and GdP Per Capita

Source: World Bank 2017b.
Note: GDP = gross domestic product.
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Gender Gap in Human Capital
Gender equality is first and foremost a matter of fundamental human 
rights. In addition, increasing autonomy and freedom of choice for 
women is at the heart of economic development. Female participation in 
education and employment creates economic assets, and can be catalytic 
in increasing not only the size but also the efficiency of the economy. 
The resulting economic growth can, in turn, create positive spillovers for 
family incomes and the welfare of children.

Morocco’s constitution and laws regarding women’s rights are 
among the most progressive in the MENA region. The 2011 constitu-
tion embodies the central tenets of the United Nations Convention on 
the Elimination of all Forms of Discrimination against Women. It 
 protects the political, economic, social, cultural, and environmental 
rights of all citizens. The Family Code, revised in 2004, extended the 
rights of women regarding guardianship, marriage, and divorce. Gender 
equality is enshrined in the 2003 Labor Code and the Nationality Law 
of 2008. Elections to the House of Representatives and regional bodies 
are  subject to quotas for the representation of women.

Although these protections create a solid foundation in law for gen-
der equality, in practice there are limits on the economic and political 
rights of women. Within the family, it is men who have a say over the 
educational and employment activities of women. The consequences are 
visible in the large disparity in labor force participation between men and 
women. But these results are also a consequence of Morocco’s develop-
ment model, which has not engendered strong growth in sectors such as 
manufacturing and high-value services, where female employment 
opportunities are large. In addition, limits on women’s rights to property 
and inheritance (and the consequent access to credit) are built into 
important laws such as the Family Code. Women are still subject to 
physical, psychological, and sexual violence at unacceptable rates. Finally, 
child marriage has decreased over time but still affects one in six girls, 
with consequences for girls, including for their contribution to human 
capital (Wodon, forthcoming).

Figure 8.5 breaks down total human capital into its gender shares. 
Morocco and Jordan stand out for distinctly low female shares of human 
capital, at slightly more than 20 percent of the total. This low share is due 
to both low labor force participation rates for women and lower educa-
tional achievement, both of which lead to lower earnings when women 
are working in the labor market. These results compare with stronger fig-
ures for Tunisia and particularly Egypt, which falls only 7 percentage 
points below Spain. Increasing women’s labor force participation and 
earnings could lead to major gains in wealth, as well as in income genera-
tion and poverty reduction more generally.

To achieve the goals of Morocco 2040, further progress on gender 
equality will be essential, requiring increased economic opportunities 
for women. Export-oriented manufacturing and a growing services sec-
tor, particularly in information and communication technologies and 
financial services, can provide a greater source of jobs for women. 
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Better access to child care can also increase the supply of female labor. 
Equally important, the remaining barriers to women’s participation in 
the economy need to be eliminated. The necessary steps include 
enhancing women’s control over economic assets, strengthening the 
property rights of women, ensuring rights to job-related benefits 
(including pensions), and improving access to credit. Greater rights for 
women in marriage and divorce can complement these actions. Finally, 
effective implementation of the existing protections for women in the 
2011 constitution and legal code would go a long way toward leveling 
the playing field. This recognition gives added impetus to the need to 
reform Morocco’s institutions.

What could be the magnitude of the gains in human capital wealth 
for Morocco from gender equity? To answer this question, assume for 
simplicity (following chapter 6 in this volume) that the working-age 
population is equally divided between men and women, each with a 50 
percent share. If there is no decrease in the human capital wealth of 
men with women working more and for better pay, the gains in human 
capital wealth (denoted by NG) can be estimated as NG = (100 − 
GGR) × 0.50/100, where GGR is the gender gap ratio in human capital 
wealth defined as the human capital wealth of women divided by that 

FIGURE 8.5 shares of Human Capital, by Gender, 2014
percent

Source: World Bank calculations.
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of men. As shown in table 8.4, human capital wealth in Morocco could 
increase by 36 percent with gender parity under this simple simula-
tion. In many other countries in the MENA region, gains would be 
similar. By contrast, in upper-middle-income countries and in Spain, 
the gains are much lower.

Public policies can be designed to both combat gender inequali-
ties and promote economic growth. Economic and legal inequalities 
between the sexes and social norms and gender biases tend to rein-
force each other in explaining women’s low access to economic 
opportunities as well as women’s low bargaining power. Modeling 
these interactions could help quantify the impact on growth of an 
integrated approach aimed at reducing gender bias in the labor mar-
ket, reallocating the time that mothers devote to their daughters, 
and increasing the bargaining power of women within the family 
(Agénor, Berahab, and El Mokri 2017). In Morocco, the combined 
effects of these policies on economic growth could reach up to 2 
percentage points on an annual basis (box 8.1).

Gap in Human Capital, by Type of Employment
Building human capital involves not only schooling but also the func-
tioning of labor markets. Figure 8.6 compares the human capital of the 
employed with the self-employed in 2014.2 In both Morocco and Egypt, 
the self-employed constitute roughly 30 percent of total human capital, 
a much higher share than in the other countries. Both countries are 
 characterized by a significant share of smallholder agriculture in the 
economy, resulting in high levels of self-employment combined with low 
earnings because smallholdings are often inefficient. In addition, apart 
from self-employment in agriculture, many workers are often involved in 
self-employed, low-productivity occupations. To improve labor market 
outcomes, current programs for training and skills promotion need to be 

TABLE 8.4 Potential Gains in Human Capital wealth from 
Gender equity, 2014

Gender gap ratio (×100)
(ratio of human capital wealth 

by gender)

Potential gain from gender 
equity

(percentage increase from 
base)

morocco 27.4 36.3

egypt, Arab rep. 60.1 20.0

Jordan 20.5 39.8

Lebanon 35.4 32.3

tunisia 43.7 28.2

spain 81.0 9.5

upper-middle-income countries 66.6 16.7

Source: World Bank calculations.
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upgraded, as do programs aimed specifically at unskilled labor. Active 
labor market policies need to facilitate the matching of the supply of and 
demand for labor. Longer-term actions in the labor market will need to 
reform existing labor law with the aim of increasing flexibility. Targets 
for action include regulations dealing with hiring and firing, working 
hours, and overtime. To support those at risk as economic conditions vary 
over time, unemployment benefits will need to be made universal while 
maintaining fiscal sustainability.

BOX 8.1 evaluation of the impact of Public Policies on Gender inequality and 
Growth in morocco

The impact of public decisions on gender equality and economic growth could be quantified by an overlapping 

generations and gender-differentiated model (Agénor 2012, 2017). Such a model was developed and calibrated 

for Morocco on the basis of the 2014 General Population Census, employment surveys, and the 2012 national 

survey on the time budget by the High Commission for Planning (Agénor, Berahab, and El Mokri 2017). The model is 

designed to capture the dynamics among social norms, gender inequalities within the family and the labor market, 

women’s bargaining power in family decisions, spousal time allocation, and economic growth. The variables used 

for the analysis are families, domestic production, commercial production, human capital accumulation, government 

activity, women’s bargaining power, social norms, and gender inequalities.

In a first simulation, the government implements measures to combat discrimination against women in the 

labor market (hiring parity and awareness campaigns, for example). The consequences are numerous: an increase 

in family income, which leads to higher private savings and investment, and then higher economic growth and tax 

revenues. The second simulation focuses on the reallocation of mothers’ time with their daughters, for example, as 

the result of an awareness campaign. In this case, economic growth is positively affected by women’s human capital 

increases. Finally, a third simulation examines the effects of the improved bargaining power of women within the 

household. This leads to three changes: (1) women allocate less time to domestic tasks; (2) because of women’s 

lower preference for current consumption, the savings rate increases, leading to an increase in investment and 

physical capital; and (3) given the preference of mothers for the education of children, the time spent by women in 

raising children increases to the detriment of their participation in the labor market and their own accumulation of 

human capital, but to the benefit of their children’s accumulation of human capital.

Overall, the positive impact of pro-gender measures on the economic growth rate would be on the order of 

0.2 to 1.95 percentage points on an annual basis, depending on the scenarios (table B8.1.1).

TABLE B8.1.1 effect of reducing Gender inequality on the rate of economic Growth
percent

Reduced gender 
bias in the labor 

market

Increased time 
dedicated by 

mothers to girls

Increased women’s 
bargaining power in 

the family Integrated program

Allocation of women’s 
time with endogenous 
leisure 0.2 0.6 1.0 1.95

Sources: Agénor 2012, 2017; Agénor, Berahab, and El Mokri 2017.
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Morocco 2040: Institutions and Governance

In his 2014 speech, King Mohammed VI emphasized not only the need 
for investments in human capital but also the importance of institutions 
for development and wealth creation. Although this volume does not 
provide measures of wealth associated with institutions, other indicators 
can be used to compare Morocco with other countries.

Social trust is the most common indicator of social capital. It can be 
defined as “networks together with shared norms, values and under-
standings that facilitate cooperation within or among groups” (OECD 
2001, 41). Figure 8.7 reports the degree of social trust in Morocco and 
its comparator countries using data from the World Values Survey 
(2015). Levels of social trust are relatively low, with only 12 percent of 
respondents in Morocco saying that most people can be trusted. 
Although trust is not much higher in comparator countries, Morocco 
tends to do less well than the average. Figure 8.8 compares governance 
indicators for Morocco and comparators countries in 2015 using the 
Worldwide Governance Indicators. Here, Morocco’s performance is 
relatively strong when compared with selected countries in North 
Africa and the aggregate score for upper- middle-income  countries. On 
political stability, it leads its regional comparators but lags the average 

FIGURE 8.6 shares of Human Capital, by type of employment, 2014
percent

Source: World Bank calculations.

0

10

20

30

40

50

60

70

80

90

100

Morocco Egypt,
Arab Rep.

Jordan Lebanon Tunisia Spain

Employed Self-employed



CHAPter 8 : intAnGibLe CAPitAL As tHe enGine For deveLoPment in  moroCCo 165

FIGURE 8.7 degree of social trust, morocco and Comparators, 2014
percent

Source: World Values Survey 2015.
Note: The figure shows the percentage of the population responding positively to the statement, “Generally 
speaking, would you say that most people can be trusted or that you need to be very careful in dealing with 
people?”
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Source: Worldwide Governance Indicators, from World Bank 2017b.
Note: For each indicator, the percentile scores are relative to the distribution of scores for all countries.
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for upper-middle-income countries. The main  potential source of weak-
ness for Morocco appears to be voice and accountability.

As a program for growth, Morocco 2040 targets a wide spectrum of 
reforms, from macroeconomic policy to labor markets to the social sec-
tor. However, underpinning these reforms is the need for transformation 
of public institutions and governance. The public sector enforces the rule 
of law, redistributes income, regulates economic activity, and provides 
essential social services, including health and education. Failure in this 
dimension of the program would put all other outcomes at risk. Creating 
a modern public sector is no small task, because it requires a commit-
ment to building a public service based on merit rather than political 
affiliation. The proposed public sector reforms in Morocco 2040 start 
with human resource management in the public service, aimed at merit-
based hiring and promotion and dealing with absenteeism. Results-based 
management and a formal system for employee training aim to increase 
public service effectiveness.

Reforms to two key management functions also will be critical for 
success. First, enhanced public financial management can ensure more 
effective use of scarce financial resources, starting from the planning and 
budgeting cycle, to ensuring cost control measures and accountability for 
budget execution at the level of ministries. The second priority reform is 
to public investment management. As noted in the introduction to this 
chapter, the majority of investments in Morocco are made by the public 
sector, notably state-owned enterprises, and returns have often been low. 
Basic processes of project design, project appraisal, cost–benefit analysis, 
and independent evaluation of both project design and postimplementa-
tion outcomes need to be built and strengthened.

Decentralization of public administration can provide an important 
boost to governance. It holds the promise of bringing government closer 
to the governed as well as providing an opportunity to implement best 
civil service practices in the creation of new regional government struc-
tures. Decentralization also can give impetus to increasing voice and 
accountability in Morocco. Modern structures of governance ensure par-
ticipatory processes in policy and project planning and implementation. 
Citizens will require increased access to information about government 
programs and better data on both government expenditures and indica-
tors of service delivery. More broadly, users of government services need 
a stronger voice in expressing their satisfaction with the quality and 
equity of provision of these services. This is a long list of reforms, under-
pinned by surveys of the satisfaction of citizens with the Moroccan pub-
lic administration, but the success of Morocco 2040 will depend on 
successful implementation.

Conclusion

Morocco achieved strong growth in per capita wealth from 2005 to 2014, at 
45 percent over 10 years, with notable gains in produced capital and the val-
ues of agricultural land and minerals. However, this growth masks weaknesses. 
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When population growth is taken into account, the net change in real wealth 
per capita as measured through ANS fell from over US$400 per person in 
2005 to less than US$100 per person in 2014. Much of this weakness is due 
to low levels of human capital wealth. In 2014, 41 percent of Morocco’s 
total wealth was human capital, compared with 59 percent in Egypt and 
65 percent in Lebanon. The gap in human capital— compared with countries 
such as Jordan, Lebanon, and Tunisia—fully explains why total wealth per 
capita in Morocco is well below the average for those three countries.

One of the primary factors leading to insufficient levels of wealth per 
capita in Morocco is the gap in earnings—and thereby in wealth—by 
gender. Women account for only about a fifth of total human capital in 
Morocco. If gender parity in human capital wealth were achieved, levels 
of human capital wealth in Morocco could increase by more than a third. 
In addition, the country should invest more in early childhood develop-
ment, as well as in improving the quality of its education system. As one 
example of potential gains, ending stunting could, according to estimates 
from the literature, lead to gains in human capital wealth of about 
4 percent. On governance, Morocco leads its North African peers on rule 
of law, but the weak point is voice and accountability. Levels of trust also 
tend to be low. The good news is that reforms outlined in Morocco 2040 
could make a significant difference.

In 2014, the King of Morocco highlighted the role of intangible 
 capital in powering the country’s development. The Morocco 2040 eco-
nomic memorandum emphasizes not only macroeconomic reforms but 
also human capital growth through education and labor market reforms, 
as well as efforts to increase gender equality. Equally important will be 
institutional reforms to create a modern administration, improve public 
investment and financial management, and increase voice and account-
ability and access to information.

Progress to date in implementing the goals of Morocco 2040 has been 
rooted in the new constitution adopted in 2011. To strengthen citizen 
voice and engagement, the organic law on petitions was adopted in 2016. 
More laws have been adopted to enhance citizen engagement, including 
the organic law of the right of citizens to submit legislative proposals 
(2016), the organic law of the right to strike (not yet adopted), and the 
right of access to information (not yet adopted), which is considered essen-
tial to enhancing democracy and achieving societal development. Regarding 
public finances, the organic law relative to budget law (2016) foresees 
 ministerial performance objectives and indicators aimed at improving the 
effectiveness and efficiency of public policies and programs and the quality 
of public services. The organic laws of the judiciary system were approved 
by the Council of Ministers in 2015. They aim to organize the functioning 
of the Supreme Judiciary Council and establish the composition of the 
judicial system, the rights and obligations of magistrates, and their disci-
plinary regime.

In addition, far-reaching constitutional amendments have been made 
to enhance the accountability and transparency of local and regional coun-
cils as well as to increase citizen participation in the management of local 
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affairs and public services. These amendments led to the consolidation of 
the current 16 regions into 12 larger regions to increase their economic 
and social attractiveness and maximize synergies. In this context, three 
organic laws were adopted in 2015, the main purpose of which is to pro-
vide local authorities with management autonomy, to broaden their pre-
rogatives, and to establish the principles of mutual assistance and solidarity 
between them through a gradual approach. Accordingly, regional and local 
councils have been granted expanded powers and the corresponding 
resources on the basis of the principle of subsidiarity.

Notes

1. If the population grows by 1 percent, as it did in 2005, then, other things equal, 
a 1 percent decline in wealth per capita will occur.

2. Note, however, that there are no separate estimates of the age-sex-education 
structure of the self-employed cohort, which introduces a level of inaccuracy to 
the estimates of the human capital of the self-employed.
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9
Air Pollution: Impact on Human 
Health and Wealth

Christopher Sall and Urvashi Narain

Introduction

Air pollution damages human health, affecting the value of human capital 
by reducing labor force participation and productivity, which undercuts 
the global economy and the lives of the people who constitute it.

Main Messages

• This chapter presents estimates of monetary losses of human capital in 172  countries 
from fatal health conditions caused by exposure to air pollution.

• Exposure to air pollution—including ambient particulate matter with a diameter 
of less than 2.5 microns (PM2.5), household PM2.5 from cooking with solid fuels, 
and ambient ozone—caused nearly 6.5 million premature deaths in 2015, account-
ing for more than 1 in 10 deaths worldwide. A combination of declining air quality, 
increasing rates of urbanization, and population aging has contributed to a rise in 
the number of deaths from ambient PM2.5 each year.

• Pollution is particularly damaging to the elderly. Individuals age 65 years and older 
make up about 8 percent of the world’s population but account for 61 percent of 
fatalities from illnesses attributed to air pollution.

• Globally, annual labor income losses from premature mortality caused by air 
 pollution exposure totaled nearly US$179 billion in 2015, an increase of about 
US$47 billion or 36 percent in real terms since 1995.
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This chapter provides a measure of the loss, or depreciation, of human 
capital associated with premature deaths from air pollution, both ambient 
and indoor. The work seeks to guide the treatment of air pollution–related 
damage in the measurement of adjusted net saving (ANS).

It is important to understand how these figures relate to the broader 
wealth accounts published in this book. The first important point, as 
presented in the executive summary, is that the World Bank wealth 
accounts have been expanded to include the value of human capital. 
Although human capital is not included in the national balance sheet 
defined by the System of National Accounts (SNA) (EC et al. 2009), it 
arguably fits the SNA’s definition of economic assets—that is, assets have 
an owner, and they provide a stream of benefits to their owner. The focus 
in this chapter is therefore on valuing the depreciation of human capital 
inherent in premature mortality from air pollution exposure. This mea-
surement is distinct from valuing the welfare losses associated with this 
excess mortality, which World Bank and IHME (2016) show to be, for 
example, 25 times higher than human capital losses in the United States 
and 35 times higher in China.

The methods presented in chapter 6 for estimating human capital 
wealth implicitly incorporate the impacts of air pollution exposure 
described in this chapter. Every year, mortality and survival rates are 
applied to each worker for the estimation of human capital wealth. 
Survival from one year to the next is based on all causes of mortality, 
including pollution exposure. Similarly, workers’ earnings that are used 
in the estimation of human capital wealth reflect their productivity and 
all factors that affect it, either positive or negative. At this time, it is not 
possible to separately estimate the impact on human capital wealth of 
air pollution, but it may be addressed in future work.

It is equally important to understand how the SNA deals with 
damage to assets. If the damage is not related to production or con-
sumption, such as losses from a natural disaster, the SNA treats it as a 
change in total asset value (“other changes in volume”) in the balance 
sheet. The SNA does not adjust measures of saving to reflect these 
losses, precisely because the losses are not linked to production or con-
sumption. Because air pollution damage is directly related to produc-
tion or consumption (emissions from factories, private automobiles, or 
fuel burned in the home), the treatment of human capital losses from 
air pollution should parallel the treatment of consumption of fixed 
capital. In the SNA, consumption of fixed capital is reflected both as a 
deduction in the balance sheet and as a deduction from saving, yielding 
the standard measure of net saving. The reason for this treatment is 
that wear and tear and loss of economic value for fixed capital are 
byproducts of production and consumption. The parallel with air pol-
lution damage to human capital is direct, which motivates both this 
chapter and the proposed treatment of the cost of air pollution damage 
in ANS.

The chapter presents estimates of monetary losses in 172 countries 
from fatal health conditions caused by exposure to air pollution. 
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The analysis draws from findings on the health effects of air pollution 
published for the Global Burden of Disease Study 2015 or GBD 2015 
(IHME 2016), an international scientific collaboration led by the 
Institute for Health Metrics and Evaluation (IHME) at the University of 
Washington, Seattle (see Forouzanfar et al. 2016). The methodology for 
valuing the monetary cost of fatality risks from pollution comes from a 
study published jointly by the World Bank and the IHME in 2016 enti-
tled The Cost of Air Pollution: Strengthening the Economic Case for Action 
(World Bank and IHME 2016). This chapter discusses the evolution of 
this methodology and its results. It closes with a discussion of how to 
improve the valuation of the reductions in human capital because of 
pollution.

Air Pollution Incidence and Impact across the Globe

Air pollution comes in many forms, contaminating the air we breathe 
both indoors and outdoors. Some of the most pernicious constituents of 
air pollution are tiny particles measuring less than 2.5 microns in diame-
ter, capable of penetrating deep into the lungs. Collectively referred to as 
PM 2.5, these particles may contain a mix of dust, dirt, smoke, vapors, gases, 
microscopic liquid droplets, and even heavy metals. Depending on their 
composition, they may come from a variety of sources. Direct sources of 
ambient PM2.5 commonly include emissions from motor vehicles and 
power plants. Indoor sources of PM2.5 include smoke from burning solid 
fuels such as coal, wood, charcoal, or dung for cooking and heating. 
Secondary PM2.5 may occur when primary pollutants such as ammonia 
from agricultural fertilizers react with sunlight, water, oxygen, and other 
pollutants.

Though the composition and sources of air pollution can vary greatly 
from place to place, pollution is truly a global challenge. The results of the 
GBD 2015 show that exposure to air pollution—including ambient 
PM2.5, household PM2.5 from cooking with solid fuels, and ambient 
ozone—caused nearly 6.5 million premature deaths in 2015, accounting 
for more than one in ten deaths worldwide (figure 9.1). The number of 
fatalities from illnesses caused by pollution exposure is about 5.4 times 
the number of deaths each year from HIV/AIDS and 8.8 times that from 
malaria (IHME 2016), making air pollution the fourth-leading fatal 
health risk, just after tobacco smoke.

These estimates of the disease burden attributable to air pollution 
in the GBD 2015 are derived by first measuring the severity of air 
pollution and the extent to which people are exposed (Brauer et al. 
2016; Cohen et al., forthcoming; Forouzanfar et al. 2016). Estimates of 
exposure to ambient PM2.5 combine information from satellite observa-
tions of aerosols, numerical models of atmospheric chemistry, and 
ground monitoring of PM (van Donkelaar et al. 2016; Shaddick et al. 
2017). Exposure to household PM2.5 is estimated using data on the pro-
portion of people reliant on solid fuels, the resulting concentrations of 
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PM2.5 in the kitchen from cooking with those fuels, and the level of 
personal exposure of men, women, and children in the household to 
those kitchen concentrations. The GBD 2015 then evaluates how 
 exposure raises people’s relative risk of contracting illnesses associated 
with air pollution, including lower respiratory infections, lung cancer, 
 ischemic heart disease, stroke, chronic obstructive cardiopulmonary 
disease, and pneumonia (see Burnett et al. 2014). Cause-specific mod-
els of  relative risk combine information from epidemiological studies of 
the effects of exposure to widely varying levels of PM2.5 from ambient 
air pollution, household air pollution, active cigarette smoking, and 
second-hand smoke. These models then allow researchers to estimate 
what portion of recorded deaths from these illnesses can be statistically 
attributed to pollution exposure.

Estimates of exposure to ambient PM2.5 for the GBD 2015 reveal 
that 92 percent of the world’s population in 2015 lived in areas with 
average annual concentrations in excess of World Health Organization 
guidelines (map 9.1). Air quality is deteriorating in many fast- growing, 
fast-urbanizing regions, particularly South Asia and East Asia and Pacific, 
whereas air quality has improved on the whole in other regions such as 
Europe and North America.

Trends in exposure to household air pollution, by comparison, 
show signs of mixed progress. The share of the world’s population 
reliant on solid fuels dropped from about 52 percent in 1990 to 
40 percent in 2015 (figure 9.2). Rates of solid fuel use dropped the 
fastest in middle-income countries such as China. Yet, because the 

FIGURE 9.1 Leading Fatal risk Factors Globally, 2015
percentage of total deaths globally

Source: IHME 2016.
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MAP 9.1 mean Annual Concentrations of Ambient Pm2.5 Pollution, 2015 

Source: World Bank, using data from van Donkelaar et al. 2016 (http://fizz.phys.dal.ca/~atmos/martin/?page_id=140).
Note: The map includes concentrations of natural windblown dust and sea salt. PM

2.5
 = particulate matter with a diameter of less than 

2.5 microns; WHO = World Health Organization.

Average ambient PM2.5 in 2015
(micrograms per cubic meter)

10 or below (meets WHO Guideline)

Between 10 and 15 (meets WHO Interim Target 3)

15 to 25 (meets WHO Interim Target 2)

Between 25 and 35 (meets WHO Interim Target 1)
Above 35

No data

FIGURE 9.2 Population reliant on solid Fuels, 1990–2015

Source: World Bank data (http://data.worldbank.org/indicator/EG.CFT.ACCS.ZS).
Note: Data for missing years were extrapolated linearly according to year-over-year trends in percentage of population.

0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

1990 1995 2000 2005 2010 2015

Nu
m

be
r o

f p
eo

pl
e 

(b
illi

on
s)

Low-income countries

Upper-middle-income countries

Lower-middle-income countries

High-income countries

94.1

74.8

48.7

2.7

93.1

57.4

27.3

0.20

10

20

30

40

50

60

70

80

90

100

Low-income
countries

Lower- 
middle-
income

countries

Upper- 
middle-
income

countries

High-
income

countries

Pe
rc

en
ta

ge
 o

f p
op

ul
at

io
n

1990 2015

http://fizz.phys.dal.ca/~atmos/martin/?page_id=140�
http://data.worldbank.org/indicator/EG.CFT.ACCS.ZS�


THE CHANGING WEALTH OF NATIONS 2018176

total population using solid fuel grew at an even faster rate, the num-
ber of people exposed to household air pollution increased, from 
2.69  billion in 1990 to 2.89 billion in 2015. In low-income countries, 
more than 90 percent of people continued to rely on solid fuels in 
2015, as they did in 1990.

A combination of declining air quality, increasing rates of urbaniza-
tion, and population aging has contributed to a rise in the number of 
deaths from ambient PM2.5 each year, as a greater number of people who 
are more susceptible to pollution-related illness are exposed. In 2015, 
ambient PM2.5 caused more than 4.2 million fatalities, up from slightly 
less than 3.5 million in 1990 (figure 9.3). The greatest increase in prema-
ture mortality as a result of ambient PM2.5 occurred in South Asia, which 
accounted for 1.4 million deaths in 2015. Death rates continue to be 
 highest in middle-income countries.

In contrast with ambient PM2.5, the number of premature deaths 
annually from household air pollution has declined, from slightly less than 
3.4 million in 1990 to about 2.8 million in 2015 (figure 9.4). These 
declines reflect not only significant improvement in household access to 
modern forms of energy in regions such as East Asia and Pacific, Europe 
and Central Asia, and Latin America and the Caribbean, but also baseline 
declines in mortality from pollution-associated illness, independent of 
exposure, aging, and other factors. Still, the number of deaths each year 
from household air pollution continues to increase in South Asia and 
Sub-Saharan Africa.

FIGURE 9.3 Premature deaths from Ambient Pm2.5 Pollution, by region, 1990 and 2015

Source: IHME 2016 (http://ghdx.healthdata.org/gbd-results-tool).
Note: PM

2.5
 = particulate matter with a diameter of less than 2.5 microns.
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FIGURE 9.4 Premature deaths from Household Air Pollution, by region, 1990 and 2015

Source: IHME 2015 (http://ghdx.healthdata.org/gbd-results-tool).

1,155

1,300

581 

11 

1,281

810

624 

112 
63 

206 

65 
3 0

 200

 400

 600

 800

 1,000

 1,200

 1,400

South Asia East Asia and
Pacific

Sub-Saharan
Africa

Latin America
and the

Caribbean

Europe and
Central Asia

Middle East and
North Africa

De
at

hs
 (t

ho
us

an
ds

)

1990 2015

FIGURE 9.5 Age Profile of Premature mortality from Air Pollution, by region, 2015
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When the health impacts of air pollution are broken down by age, 
it becomes clear that pollution is particularly damaging to the elderly 
( figure 9.5). Individuals age 65 years and older make up about 8 percent 
of the world’s population but account for 61 percent of fatalities due 
from illnesses attributed to air pollution. In Sub-Saharan Africa, in par-
ticular, a high portion of fatal health effects due to air pollution also are 
suffered by children younger than age 5 years. Children represented 
16 percent of the region’s population in 2015 and 26 percent of pollu-
tion-attributed deaths.

The Economic Costs of Air Pollution

The number of early deaths attributed to air pollution is staggering. 
From the perspective of wealth accounting, the tragic human toll of air 
pollution also causes loss of a nation’s stock of human capital. The value 
of this loss is captured explicitly within the framework of the ANS 
 indicator, which is published annually as part of the World Bank’s World 
Development Indicators.

Under the present methodology for ANS, losses due to premature 
mortality from air pollution exposure are equated with the discounted 
value of the forgone labor income that sufferers of fatal illness would have 
earned over their remaining working lives had they not died. The income-
based approach for measuring the reduction of human capital due to air 
pollution draws parallels with how the degradation of other forms of 
productive capital is measured under ANS. Annex 9A briefly explains the 
valuing methodology; a more detailed discussion of the methodology can 
be found in Narain and Sall (2016).

This approach does have its limitations, however. First, measuring 
the costs of nonfatal illness is not possible. Second, the income-based 

TABLE 9.1 Labor income Losses from Air Pollution, by region, 1995–2015
billion US$

Region 1995 2000 2005 2010 2015

east Asia and Pacific 29.9 35.3 40.3 47.9 62.0

europe and Central Asia 31.0 26.2 26.7 25.4 26.3

Latin America and the Caribbean 15.0 12.4 10.1 9.1 9.2

middle east and north Africa 4.6 4.5 4.4 5.3 6.5

north America 15.9 17.8 20.8 19.0 20.7

south Asia 19.6 21.1 21.1 25.3 32.7

sub-saharan Africa 15.4 15.4 15.8 18.2 21.3

Total 131.4 132.6 139.0 150.2 178.7

Source: Data from World Development Indicators database (http://data.worldbank.org/indicator/NY.ADJ.DPEM.CD).
Note: Data are for a balanced set of 157 countries with data for all years, deflated to constant 2014 US dollars at 
market rates.

http://data.worldbank.org/indicator/NY.ADJ.DPEM.CD�


CHAPter 9 : A ir  PoLLution: imPACt on HumAn HeALtH And weALtH 179

approach to valuing increased mortality risks does not reflect the cost 
of pain and suffering or the loss of the many intangible parts of life that 
people value beyond their paychecks. Third, beyond human health, air 
pollution affects the economy in a myriad of other ways, for example, 
by reducing crop yields and depressing real estate prices.1 Thus, labor 
income losses as presented here should be interpreted within the 
 confines of ANS and not as a full accounting of the economic costs of 
pollution.

Globally, annual labor income losses from premature mortality due 
to air pollution exposure totaled nearly US$179 billion in 2015,2 an 
increase of about US$47 billion, or 36 percent in real terms, since 1995 
(table 9.1).3 Losses from ambient PM2.5 exposure increased most rapidly 
over this time (figure 9.6), owing to deteriorating air quality in many 
 fast-growing, fast-urbanizing, and fast-aging regions. By 2015, global losses 
from ambient PM 2.5 had reached about US$133 billion. Though 
losses from ambient PM2.5 have grown more quickly, the deadly effects of 
household air pollution from cooking with solid fuels continue to be a 
drag on the world economy, resulting in US$60 billion in forgone labor 
output in 2015.

FIGURE 9.6 Global Labor income Losses from Ambient Pm2.5 and Household 
Air Pollution, 1995–2015
billion US$

Source: Data from IHME 2016.
Note: Figures are constant 2014 billion US$ at market rates. PM
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= particulate matter with a diameter of less than 

2.5 microns.

0

20

40

60

80

100

120

140

1995 2000 2005 2010 2015

Ambient PM
2.5

Household air pollution



THE CHANGING WEALTH OF NATIONS 2018180

FIGURE 9.7 Annual Labor income Losses from Air Pollution, by region, 2015
percentage of GDP

Source: Data from IHME 2016.
Note: GDP = gross domestic product; PM

2.5 
= particulate matter with a diameter of less than 2.5 microns.
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Though labor income losses due to air pollution are increasing at an 
accelerating rate overall, when viewed on a regional basis, some divergent 
trends emerge. Losses have consistently risen in three regions: East Asia and 
Pacific, South Asia, and Sub-Saharan Africa. Among these three regions, 
East Asia and Pacific experienced the most rapid increase—losses more 
than doubled between 1995 and 2015, reaching US$62 billion or the 
equivalent of 0.3 percent of regional gross domestic product (GDP).4 Sub-
Saharan Africa, which experienced US$21 billion in labor income losses in 
2015, continues to be the only region in which the majority of losses are 
due to household air pollution (figure 9.7). Meanwhile, two regions signifi-
cantly reduced losses since 1995: Europe and Central Asia and Latin America 
and the Caribbean. The declines in these regions were mainly the product 
of improved access to nonsolid fuels and reduced mortality from house-
hold air pollution, as shown by figure 9.8. The Middle East and North 
Africa region also experienced significant improvements in household air 
pollution, though these advancements were canceled out by worsening 
exposure to outdoor air pollution, including windblown dust.5 Despite the 
longer-term improvements seen in some regions, in the most recent years 
these improvements have begun to slow and even reverse—all the world’s 
regions have experienced an increase in mortality-related losses since 2010.

When trends in pollution losses are viewed instead by income level, 
the heavy burden of air pollution on the world’s poorer countries 
becomes apparent. Forgone labor output in low- and lower-middle-
income countries averaged the equivalent of 1.63 percent of GDP and 
0.94 percent of GDP, respectively, in 2015 (figure 9.9). These relatively 



CHAPter 9 : A ir  PoLLution: imPACt on HumAn HeALtH And weALtH 181

FIGURE 9.8 Average Annual Change in Labor income Losses from Air Pollution, by region, 
1995–2015
average annual percent change

Source: Data from IHME 2016.
Note: Average annual percent change in losses, as measured in constant 2014 US dollars at market exchange rates. PM
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high losses are caused by the continuing high rates of exposure to both 
ambient and household air pollution in these countries. Higher losses 
are also influenced by demographic and economic factors. In these 
lower-income countries, the workforce tends to be younger, and a 
higher portion of overall losses come from premature mortality in chil-
dren. In Sub-Saharan Africa, which represents about half of the world’s 
low- and lower-middle-income countries, 49 percent of total forgone 
labor output was due to fatal illnesses among children younger than age 
14 (figure 9.10). Expected losses of labor income are greater among 
these younger age groups. This effect is gradually being weakened, 
however, as the age profile of people affected by pollution continues to 
shift and a higher proportion of deaths occurs among people later in 
their working lives.

Losses from household air pollution have largely followed improve-
ments in access to nonsolid fuels and show a clear relationship with 
income. Year-over-year decreases in losses were seen in 71 percent of all 
low- and middle-income countries, including 89 percent of upper-mid-
dle-income countries (figure 9.11). The greatest reductions in household 
air pollution losses were achieved by Algeria, Armenia, Azerbaijan, 
Tunisia, and Turkey. The greatest increases occurred in Afghanistan, 

FIGURE 9.10 Age Profile of Labor income Losses from Air Pollution, by region, 2015
percent

Source: Data from IHME 2016.
Note: PM

2.5 
= particulate matter with a diameter of less than 2.5 microns.
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Bosnia and Herzegovina, Chad, Nigeria, and Uganda.6 Reductions in 
losses from household air pollution tended to be deeper for higher-
income countries. For ambient PM2.5, trends were less clear (figure 9.12). 
Year-over-year increases in annual losses occurred in 38 percent of low-
income countries, 63 percent of lower-middle-income countries, 44 per-
cent of upper-middle-income countries, and 32 percent of high-income 
countries. The countries with the highest rates of annual growth in ambi-
ent PM2.5 losses included Afghanistan, Bosnia and Herzegovina, China, 
Iraq, and Kuwait.7 The countries with the largest annual decreases were 
Azerbaijan, Comoros, Gabon, Tajikistan, and Turkey.

FIGURE 9.11 Average Annual Change in Losses from Household Air Pollution in Low- and 
middle-income Countries, 1995–2015, versus income Level in 2015
percent change

Source: Data from IHME 2016.
Note: Equatorial Guinea is not shown. Household air pollution exposure and losses in high-income countries are negligible, so they are not 
included. GNI = gross national income.
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Recommendations for the Way Forward: Improving the 
Measure of Pollution Losses for Human Capital

Currently, pollution losses are valued by assuming that annual labor 
income is the same for all adult workers (ages 15–79 years), regardless of 
skills, experience, or education. Using the more granular data from the 
International Income Distribution Database used for the human capital 
estimates in chapter 6 would improve the existing estimates of expected 
lifetime labor income. Estimates of forgone labor output might be incor-
porated into the wealth accounts to measure the reduction in human 
 capital due to risk factors such as air pollution, though with some caveats. 
As currently estimated, human capital includes only the working popula-
tion ages 15 to 65, but 69 percent of premature deaths in 2015 due to air 
pollution exposure were suffered by children younger than age 15 and 
adults older than age 65. And, of the 30 percent of premature deaths in 
the population ages 15 to 65, not all occurred among workers.

FIGURE 9.12 Average Annual Change in Losses from Ambient Pm2.5, 1995–2015, versus 
income Level in 2015
percent change

Source: Data from IHME 2016.
Note: Kuwait and Equatorial Guinea are not shown. GNI = gross national income; OECD = Organisation for Economic Co-operation and 
Development; PM

2.5
 = particulate matter with a diameter of less than 2.5 microns.
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Beyond air pollution, the ANS indicator and wealth accounts could be 
further expanded to incorporate other fatal health risks, many of which 
are already covered in the GBD.

The valuation of air pollution losses for ANS would also be 
improved by continuing to explore how nonfatal health outcomes 
associated with pollution exposure—such as chronic bronchitis, low 
birth weight, and the impairment of cognitive development in early 
childhood—may be valued.

Annex 9A: Valuing the Cost of Air Pollution in the Adjusted 
Net Saving Indicator

The approach to estimating the disease burden from air pollution expo-
sure is described in the introduction to this chapter. A summary of the 
general approach to valuation is provided here, and a full discussion of 
the methodology and data sources is provided in Narain and Sall (2016). 
The World Bank uses an income-based approach to monetizing prema-
ture mortality for ANS. Under the present methodology for ANS, losses 
due to premature mortality from air pollution exposure are equated to 
the present value of the forgone labor income that sufferers of fatal ill-
ness would have earned over their remaining working lives had they not 
died. The income-based approach for measuring the reduction of 
human capital due to air pollution draws parallels with how the degra-
dation of other forms of productive capital are measured under ANS. It 
does not include the costs of nonfatal illness, pain and suffering, or 
losses due to impacts on economic assets such as productivity of 
cropland.

Losses from premature mortality are estimated per five-year cohort 
for ages 15–79 as years as follows:

 PV I I g r( ) (1 ) / (1 )i
T i i

0∑= + +=  (9A.1)

where PV(I) is the present value of expected lifetime labor earnings for 
people in that age group; I is average labor income per worker in the 
present year; T is the expected number of working years for the average 
person in that age group, conditional on survival probabilities and rates 
of labor force participation; g is the annual rate of income growth, 
assumed to be 2.5 percent for all countries and years; and r is the dis-
count rate, assumed to be 4 percent for all countries and years. Valuing 
forgone labor output for children 14 and younger represents a special 
case. Working life expectancy is estimated by accounting for survival 
probabilities up to the age of 15, and then is adjusted for labor force 
participation rates thereafter.

Average labor income per worker is derived from the labor share of 
GDP for each country as

 I GDP s w( ) /= ×  (9A.2)

where s is the labor share, GDP × s is total labor income in the economy, 
and w is the total number of employed workers.
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Working life expectancy, T, is calculated by weighting life expectancy 
to maximum working age by the probability that an individual will survive 
and be active in the labor force. It is expressed as

 lj,tT sj t j t
79∑= ×=  (9A.3)

where sj,t is the probability that a person of age j will survive to the end of 
age t, and l is the labor force participation rate. This assumes that life 
expectancy increases monotonically with age, which is not the case for 
countries with high rates of infant mortality and where life expectancy at 
birth is lower than it is for children who survive to age 1. Data used are 
from the International Labour Organization by five-year age group for 
ages 15–64 and for the open-ended 65-and-up age group.8 It is assumed 
that no person older than age 79 works. Valuing forgone labor output for 
children 14 and younger is a special case. Working life expectancy is esti-
mated by accounting for survival probabilities up to age 15, and then is 
adjusted for labor force participation rates thereafter, as for adults in equa-
tion (9A.2). In equation (9A.1), the present value of labor income is dis-
counted further into the future, assuming working age begins at 15.

Notes

1. See Wang and Mauzerall (2004); Avnery et al. (2011); and Zheng et al. (2014) 
for evidence from China.

2. All dollar figures reported in this chapter are 2014 US dollars at market 
exchange rates.

3. Here, total losses are for the 157 countries for which data are available for all 
years from 1995 to 2015. Estimates of forgone labor output in 2015 exist for 
another eight countries that are missing data for some earlier years. Including 
these countries, labor income losses in 2015 were US$179.8 billion.

4. Forgone labor income does not represent a deduction from GDP because GDP 
produced in a given year reflects the lower labor inputs resulting from air pollu-
tion. Losses are compared with GDP merely to provide a sense of relative 
magnitude.

5. The current position of the U.S. Environmental Protection Agency, the World 
Health Organization, and the International Agency for Research on Cancer is that 
there is still insufficient evidence to differentiate the health impacts from expo-
sure to specific sources or components of PM2.5. With the GBD data that underlie 
the cost estimates, it is not possible to “net out” the effects of dust exposure.

6. Equatorial Guinea, for which losses due to household air pollution increased 
by 17.6 percent annually even though deaths declined, is excluded as an outlier. 
The apparent increase in losses for Equatorial Guinea is due entirely to income 
growth.

7. As in the case for household air pollution, Equatorial Guinea is excluded from 
this list of countries with the highest rates of growth in ambient PM2.5 losses as 
an outlier.

8. The International Labour Organization’s definition of the labor force encom-
passes anyone who is actively working or seeking work. This includes the 
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unemployed as well as the employed. The self-employed, underemployed, and 
those working informally (such as family workers) are counted as employed. 
In practice, however, definitions of employment vary among countries, and 
countries with high levels of informality in the labor market may underreport 
the size of the economically active population (see ILO 2015).
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10
Subsidies Reduce Marine 
Fisheries Wealth

Charlotte de Fontaubert, U. Rashid Sumaila, and Glenn-Marie Lange

Main Messages

• After steadily increasing over decades, annual global production of capture fisher-
ies has plateaued just above 80 million metric tons. From a peak of 86 million tons 
in 1996, global marine catches have shown a small downward trend of about 
0.2 million ton per year.

• Globally, the proportion of fully fished stocks and overfished, depleted, or 
recovering fish stocks has increased from slightly more than 50 percent of all 
assessed fish stocks in the mid-1970s to about 75 percent in 2005, and to 
almost 90 percent in 2013.

• As global marine catches have stagnated and even declined,  fishing effort has 
greatly expanded over the past 70 years. Over the same period the level of global 
marine catches has not even doubled, suggesting a steep decline in the catch per 
unit effort, often considered a measure of fishing productivity.

• At the global level, the data show that, overall, global fisheries have foregone 
US$83 billion of rent in 2012. Fisheries are heavily subsidized and in many coun-
tries resource rents from fisheries are negative— meaning that revenues do not 
fully cover the costs of fishing. 
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Introduction

One of the primary motivations for the early natural capital accounting 
efforts in the mid-1980s was a concern that rapid economic growth in 
some countries was achieved through liquidation of natural capital—a 
temporary strategy that creates no basis for sustained advances in 
wealth and human well-being, unless this natural capital is converted 
efficiently into other forms of wealth. Sound management of natural 
capital is a critical step in the development process for many countries. 
Aquatic resources, including marine fish stocks, are an important com-
ponent of natural capital, especially in coastal nations or small island 
developing states. According to FAO, approximately one in ten people 
relies on fisheries and aquaculture for their livelihood (FAO 2016). 
Commercial capture fisheries, including postharvest activities, were 
estimated to contribute at least US$274 billion to global GDP in 2007 
(de Graaf and Garibaldi 2014) while generating tens of millions of jobs 
worldwide (Teh and Sumaila 2013).

Despite their global importance, fisheries are measured and assessed 
on the basis of data that are frequently incomplete, limited, or even inac-
curate. Lack of quality data prevents countries from effectively evaluating 
the importance of the sector as a path for sustainable development 
and hinders effective management of this important natural resource. 
Accounting for fish and other aquatic resources, however, has lagged 
behind the accounting efforts for other natural capital assets such as for-
ests and subsoil assets. The System of Environmental-Economic Accounting 
(SEEA) (UN et al. 2014) provides the framework for accounts, further 
elaborated for fisheries in SEEA for agriculture (UN, FAO, and OECD 
2015) and SEEA for fisheries (FAO 2006). But fisheries resources are still 
poorly represented in most national environmental accounting efforts, 
largely because of a lack of data.

The Changing Wealth of Nations does not include fish assets 
because available data do not meet the criteria for inclusion. Assets 
are included when the necessary data are available for a large number 
of countries (at least 100), updated regularly to provide a time series, 
and publicly available. The general approach to asset valuation—as 
described in chapter 1 and following UN et al. (2014)—is to estimate 
the discounted stream of rents an asset like fisheries is expected to 
generate over its lifetime. If managed sustainably, the lifetime and 
stream of rents are infinite; if not, then the lifetime is limited, as it is 
for minerals. Data requirements include catch volume, price and costs 
of fishing to calculate rents, discount rate to estimate the present 
value of future rents, and information about the size and condition of 
the underlying stock to assess the potential lifetime of the stock and 
rents generated. Although some country studies and one-off studies at 
regional or global level are available (see box 10.1), the available data 
with global coverage have largely been limited to catch volume and 
value.

Despite these data challenges, recent initiatives have improved the 
understanding of what is really at stake and of the need to take steps 
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toward including fisheries wealth in future versions of the Changing 
Wealth of Nations. Resource rent is a key concept both to wealth account-
ing and more broadly to fisheries management. It represents the value 
that the asset—in this case, fisheries—contributes to fishing revenue. 
The revenue generated by fishing must cover all the costs—fuel, vessel costs 
(including a reasonable return on fixed capital invested in fishing), labor, 
and other inputs. Any revenue above payments needed for other inputs is 
rent attributable to fisheries.

BOX 10.1 mauritania: where Fisheries Capital really Counts

Mauritania is a resource-rich country with total per capita wealth of US$46,463. Natural capital accounts for 

74 percent of wealth, and fisheries are the largest component (49 percent); the rest is evenly divided between 

agricultural land (mainly pastureland) and minerals (figure B10.1.1). These wealth accounts, including fisheries, were 

compiled for the Changing Wealth of Nations data set on the basis of a case study of national wealth by Mele (2014), 

who used country data to estimate fisheries assets.

Commercial fishing, mainly by foreign operators, accounts for approximately 90 percent of the sector, with 

artisanal fishing making up the remainder. The revenues generated by international fishing agreements accounted 

for roughly 20 percent of public sector income. Domestic (mainly artisanal) fishing represents just 3 percent of annual 

gross domestic product (GDP), but the prospects for growth are high. This situation underscores the importance of 

optimizing rents from commercial fisheries and using a share of these resources to ensure that the sector is properly 

managed. Without effective monitoring and enforcement, overfishing of the highest-value species (for example, 

octopus) may seriously jeopardize the regenerating mechanisms of the country’s fisheries. Overall, however, the 

fact that more than 50 percent of national wealth is in renewable resources gives the country an advantage and 

the incentive to manage these resources sustainably, so that they can provide a permanent source of income.

FIGURE B10.1.1 where is the wealth of mauritania?

Sources: Mele 2014; World Bank calculations.
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The Sunken Billions (World Bank and FAO 2009) made a first attempt 
at measuring global rents from marine fisheries and found that mas-
sive overfishing, supported by subsidies, resulted in forgone rents of 
US$51 billion in 2004. An independent study (Sumaila et al. 2012) con-
firms that the forgone rents are considerable; it estimated dissipated rents 
of US$67 billion. A more recent update of The Sunken Billions report found 
that forgone rents reached US$83 billion in 2012 (World Bank 2017), and 
implies that in many countries rent was actually negative. A negative rent 
means that the revenue from fishing is not able to cover all of the costs of 
fishing—fuel, vessel costs, labor, and others—and requires subsidies. In such 
cases, the fish stock itself has a zero value in pure economic terms, contrib-
uting nothing to global wealth. These estimates were carried out at the 
global level and do not identify highly variable rents generated for each 
country. However, data on global fisheries point to widespread overfishing, 
declining fish stocks, and likely negative rents in many countries.

State of Global Marine Fisheries

According to the United Nations Food and Agriculture Organization 
(FAO 2016), after steadily increasing for decades, annual global produc-
tion of capture fisheries has plateaued at slightly more than 80 million 
 metric tons. It is fueled by sustained demand from developed and, 
increasingly, developing countries, with China accounting for the most in 
the latter group. Figure 10.1 illustrates the evolution of global marine 
catches from 1950 to 2012, showing a steady increase (about 1.4 million 
tons each year) until the early 1990s, followed by a period of stagnation, 
fluctuating between 79 million and 86 million tons per year. From the 

FIGURE 10.1 trends in Global marine Catch, 1950–2012
million metric tons

Source: FAO Fishstat Plus database.
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peak of 86 million tons in 1996, global marine catches have shown a 
small downward trend of about 0.2 million ton per year, a shift from a 
regime of a growing catch to a regime of stagnation in the early 1990s.

In biological terms, the crisis in marine fisheries has been well docu-
mented. Globally, the proportion of fully fished stocks and overfished, 
depleted, or recovering fish stocks has increased from slightly more than 
50 percent of all assessed fish stocks in the mid-1970s to about 75 percent 
in 2005, and to almost 90 percent in 2013, as illustrated in figure 10.2.

In FAO statistics, fish stocks are defined as fully or overfished if their 
biomass is at or below the level that supports maximum sustainable yield 
(MSY). Maximum economic yield (MEY), which maximizes the sus-
tainable net benefits flowing from the stocks, occurs at a level of effort 
that is lower than that at the MSY level (figure 10A.1 in annex 10A). 
Therefore, the FAO assessment of the biological state of fish stocks indi-
cates that approximately 90 percent of the world’s fisheries likely were 
subject to economic overfishing in 2011.

Just as global marine catches stagnated and even declined, fishing 
effort1 appears to have increased. Although the available global data 
on fishery inputs, both quantitative and qualitative, are limited and 
not always reliable, they all point in the same direction of greatly 
expanded fishing effort over the past 70 years (FAO 1999, 2014a, 
2014b). It is clear that there has been a substantial increase in the 
global fishing effort over the past four decades, but over the same 
period the level of global marine catches has not even doubled, sug-
gesting a steep decline in the catch per unit effort, often considered a 
measure of  fishing productivity.

Recent work at the University of British Columbia—under the Sea 
Around Us and the Fisheries Economics research unit of the Institute 

FIGURE 10.2 state of Global marine Fish stocks, 1974–2013
percent

Source: FAO 2016.
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for the Oceans and Fisheries—helps in the estimation of the asset value 
of fisheries at the country level. Their database covers landed value 
based on reconstructed catch data, costs of fishing, and subsidies in 
2014 for 139 maritime countries, which collectively represented 
approximately 98 percent of global landings in 2014.2

The first step in estimating fisheries asset value is to determine whether 
rent, net of subsidies, as currently managed is positive for a country. If neg-
ative, as mentioned for the global study, the productive value of the fish 
stock itself is zero. At the global level, these new data show that,  overall, 
global fisheries do not generate positive rent. Landed value in 2014 was 
US$164 billion, with rent of −US$24 billion. Subtracting subsidies yields 
net rent of −US$44 billion. These findings cannot be strictly  compared 
with the estimates of the Sunken Billions reports, mostly because of major 
differences in how subsidies are accounted for and even how landing val-
ues are measured. But the message is similar, and a worrisome one.

Of course, global figures do not reflect what is going on in every 
country. Map 10.1 shows that fisheries in 64 of 139 countries generate 
positive rents, even after accounting for subsidies. In these 64  countries, 
fisheries contribute to national wealth; but in 75 countries they do not. 
For 6 countries with negative net rents, the subsidies make the differ-
ence, pushing net rent into negative territory. Fisheries in the remaining 

MAP 10.1 where Fisheries Contribute to the wealth of nations

Source: World Bank calculations based on Pauly and Zeller 2016; Sumaila et al. 2012; and Tai et al. 2017.
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69 countries generate negative net rents and do not contribute to 
national wealth.

The next step in estimating fisheries wealth, for those countries with 
positive rents, is to assess the biophysical sustainability of fisheries. A fish-
ery might generate positive rents but still be managed unsustainably, 
resulting in a limited time horizon for generating rents, much like exhaust-
ible mineral resources. The potentially devastating impacts of  climate 
change (increased ocean temperatures, acidification, and changes in oce-
anic currents) should also be taken into account (for example, Sumaila 
et al. 2011; Cheung, Reygondeau, and Frölicher 2016). These data will be 
developed and used to fully incorporate fisheries in future versions of the 
Changing Wealth of Nations.

Annex 10A: Maximum Sustainable Yield, Maximum 
Economic Yield, and How Subsidies Can Create 
Negative Rents

Figure 10A.1 illustrates how, in the absence of incentives (subsidies or 
taxes), the natural equilibrium point for the level of effort is at the inter-
section of the catch (or revenue) and cost curves (where positive rents are 

FIGURE 10A.1 Catch, Fishing effort, and rents

Source: World Bank and FAO 2009.
Note: MEY = maximum economic yield; MSY= maximum sustainable yield.
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no longer generated and negative rents begin). This point exceeds both 
the MEY point—where the distance between these two curves is the 
greatest—and the MSY point, beyond which the level of effort starts to 
have a negative impact on the stock’s ability to replenish itself. MEY is 
thus an ideal economic level, whereas MSY is the biological level beyond 
which fishing is no longer sustainable.

The only case in which a negative rent can be generated is the 
shaded area on the right, where fishing continues even though it should 
not because, theoretically at least, the cost of fishing has now exceeded 
the revenues generated. This occurrence is possible only because of 
the input of distorting subsidies—the incentives of rational economic 
operators have become distorted by support that artificially lowers 
their operating costs.

This explains why, in the database used for the elaboration of map 10.1, 
the rent generated in so many of the countries (almost half) is actually 
negative once the cost of subsidies is incorporated. 

Notes

1. Fishing effort is a composite indicator of fishing activity, including the number, 
type, and power of fishing vessels; the type and amount of fishing gear; the con-
tribution of navigation and fish-finding equipment; and the skill of the skipper 
and fishing crew.

2. The data focus on measuring the value realized through marine capture fisher-
ies, the predominant mode of economic use of the resources, although it is also 
recognized that societies derive other values from fish, notably recreational, eco-
logical, and cultural values. In addition, the study focuses on the value of fish 
resources rather than the value of fisheries or the seafood industry.
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11
Remote Sensing and Modeling 
to Fill the Gap in “Missing” 
Natural Capital

Kenneth J. Bagstad, Simon Willcock, and Glenn-Marie Lange

Introduction

The natural capital component of wealth accounts currently includes 
agricultural land, protected areas, forests, minerals, and fossil fuel energy 
resources. However, further progress is needed for the natural capital com-
ponent of wealth to be comprehensively measured and its value properly 
attributed. Some important assets are missing, such as fisheries (discussed in 
chapter 10), as well as the value of renewable energy resources from wind, 

Main Messages

• This chapter reviews recent advances in remote sensing and environmental model-
ing that address the first step in ecosystem accounting: biophysical quantification 
of ecosystem services. The chapter focuses on those ecosystem services in which 
the most rapid advances are likely, including crop pollination, sediment regulation, 
carbon sequestration and storage, and coastal flood regulation.

• The discussion highlights data sources and modeling approaches that can support 
wealth accounting, next steps for mapping and biophysical modeling of ecosystem 
services, and considerations for integrating biophysical modeling and monetary 
valuation. These approaches could make the inclusion of some ecosystem services 
increasingly feasible in future versions of wealth accounts.
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solar, and geothermal power. One of the characteristics of natural capital, 
except for minerals and fossil fuel energy resources, is that it often provides 
multiple goods and services. Although some goods can be measured reason-
ably well, such as timber produced by forests, mainly because they are val-
ued in markets, the value of many services—such as the protection of coastal 
assets from natural hazards by mangroves and coral reefs, or the soil reten-
tion services provided by forests—are not included because of lack of infor-
mation and markets for these services. In addition, the value of some 
ecosystem services, such as natural pollination services provided by wild 
habitats near agricultural land, is implicitly part of the value of agricultural 
land and not attributed to its source. As a consequence, national wealth 
may be underestimated or the value of some services misattributed. 
Correcting for incomplete representation or omission of natural capital is 
not simply an issue of a nation being “more wealthy than we thought,” but 
is essential for supporting decision making that makes the best use of a 
nation’s assets.

Filling these data gaps for missing ecosystem services to more 
fully reflect nature’s contribution to national wealth poses concep-
tual, methodological, and measurement challenges. The natural capi-
tal accounts follow the concepts and methodology of the System of 
Environmental-Economic Accounting Central Framework (SEEA-CF) 
(UN et al. 2014a). The SEEA-CF was adopted as an international sta-
tistical standard by the UN Statistical Commission in 2012, and pro-
vides a framework that all countries can be expected to follow. But 
the SEEA-CF covers only material natural resources, pollution emis-
sions, and related monetary transactions, not the more complex issue 
of ecosystems and their services. More recently, the international 
community has started to address accounting for ecosystems in a sep-
arate volume, SEEA Experimental Ecosystem Accounting (SEEA-EEA) 
(UN et al. 2014b). As its title implies, ecosystem accounting is still at 
an early stage; agreed-upon guidelines have not yet been developed, 
and many issues remain unresolved. However, progress is being made 
through the piloting of ecosystem accounting across a range of coun-
tries, such as Australia, the Netherlands, the Philippines, Mexico, and 
Rwanda.

In addition to some conceptual issues, ecosystem services are more 
challenging to measure than other types of assets. Natural capital asset 
values in the Changing Wealth of Nations (World Bank 2011) are 
estimated as the discounted sum of the stream of benefits they are 
expected to provide over their lifetimes. Asset values are derived from 
a combination of physical data to quantify the volume of goods and 
services delivered and monetary data used for their valuation. 
The volume and value of many of the assets can be directly observed 
or reasonably derived from observable information, including official 
statistics and administrative data, sometimes in combination with 
modeling. To quantify ecosystem services within wealth accounts or 
the SEEA-EEA, this analysis essentially follows the same methodology, 
but relies much more heavily on modeling.



CHAPter 11: remote sensinG And modeLinG to F iLL  tHe GAP in  “missinG” nAturAL CAPitAL 201

The construction of ecosystem accounts begins with the quantifica-
tion of ecosystem services biophysically, then the conversion of these 
quantities into monetary values. Finally, a projection is made about the 
delivery of future bundles of services. For the first step in measuring eco-
system services, biophysical data often come from remote sensing and field 
observations combined with modeling (Schröter et al. 2015). Once bio-
physical estimates of ecosystem service supply and use have been gener-
ated and valued, ecosystem asset values can be estimated. Monetary values 
are first assigned, typically on an annual basis. Similar to other assets, natu-
ral capital asset values are then calculated as the net present value of eco-
system services—their discounted flow over the asset’s lifetime.

Assets are included in the Changing Wealth of Nations data set when 
the necessary data are available for a large number of countries (at least 
100), are updated regularly to provide a time series, and are publicly 
available. This sets a rather high bar for some ecosystem services, for 
which such data are not readily available. Many one-off studies of spe-
cific ecosystem services and attempts to value ecosystems have been 
conducted, but there is no reliable set of data that meets these three 
criteria at this time.

Nevertheless, in recent years remarkable growth in the availability of 
biophysical information about ecosystems and the services they provide is 
rapidly advancing ecosystem accounting. This progress is due to an increase 
in the availability of remote sensing data, improvements in data process-
ing, and advances in the understanding of how to model and interpret 
these data. Although valuation challenges remain, new data sources and 
modeling approaches make biophysical assessment of natural capital 
increasingly possible for a large number of countries, moving natural capi-
tal a step closer toward fuller inclusion in wealth accounts.

This chapter reviews recent advances in remote sensing and environ-
mental modeling that address the first step in ecosystem accounting: 
biophysical quantification of ecosystem services. It focuses on those eco-
system services for which the most rapid advances are likely, including 
crop pollination, sediment regulation, carbon sequestration and storage, 
and coastal flood regulation. Other services are not addressed here. 
The chapter highlights data sources and modeling approaches that can 
support wealth accounting, next steps for mapping and biophysical 
modeling of ecosystem services, and considerations for integrating biophys-
ical modeling and monetary valuation. Although global natural capital 
asset values do not yet exist, the approaches described here could make 
the inclusion of some ecosystem services increasingly feasible in future 
versions of wealth accounts, for example, within a five-year time frame.

Biophysical Quantification of Ecosystem Services

Biophysical modeling of ecosystem services often begins with Earth obser-
vations, including satellite images, which are typically validated with 
ground-based field data. Remote sensing uses satellites and other technol-
ogy to measure how the Earth’s surface reflects visible and nonvisible 
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light. Remote sensing provides an increasingly complete view of the global 
land and sea surface, including frequent, high-resolution measurements of 
weather and climate, primary productivity in vegetation, and other sur-
face characteristics. Once raw satellite images are collected, they are first 
cleaned—for example, by stitching together cloud-free images or correct-
ing for other atmospheric interference and flattening naturally curved 
Earth-surface images. Next, data are interpreted and classified into the-
matic data sets such as land cover, vegetation condition, or population den-
sity using manual approaches or algorithms. Finally, images are typically 
validated against data from ground-based observations, as described later 
in this chapter. Satellite images are increasingly stored in public data 
archives—for example, the Landsat program of the U.S. Geological Service 
and National Aeronautics and Space Administration or the Copernicus 
program of the European Space Agency. When combined with supercom-
puting and cloud computing resources such as Google Earth Engine,1 
remote sensing supplies increasing volumes of data. These data can be 
used as inputs to ecosystem service models (Schröter et al. 2015), sup-
porting ecosystem service assessment and wealth accounts.

U.S. Landsat satellites and the European Space Agency’s Copernicus 
program are two major remote sensing platforms. Landsat has collected 
global data continuously since 1972 using various sensor instruments. 
The European Space Agency’s Sentinel satellites began service in 2014 
and collect a wide variety of data. Different sensors collect different 
types of information, which have various uses for Earth observation. 
For example, optical remote sensing uses visible and infrared light to 
measure land and ocean temperature, estimate vegetation condition, 
classify land cover, and identify fires, among other applications. Radar 
remote sensing can help quantify vegetation structure and other attri-
butes, and is not affected by cloud cover, allowing greater flexibility in 
humid regions. Data from both the Landsat and Sentinel programs are 
available to the public at no cost. A growing number of other public and 
commercial Earth observation satellites can provide data for ecosystem 
services and natural capital assessments; a full review is beyond the 
scope of this chapter (see Alcaraz-Segura, di Bella, and Straschnoy 2013; 
Araujo Barbosa, Atkinson, and Dearing 2015).

As mentioned, to inform wealth accounts, biophysical measures of 
ecosystem services should cover most (at least more than 100) and ideally 
all countries; be regularly updated, to retrospectively show changes in 
wealth over time (that is, they should not be one-off studies); and be pub-
licly available. Although no studies appear to meet all of these criteria, a 
series of studies have spatially quantified ecosystem services in biophysical 
terms at the global scale. With global ecosystem service data, national esti-
mates could be compiled, allowing comparisons within and between 
nations over time.

A subset of global ecosystem service studies is summarized in 
table 11.1. Studies such as these could be used in future wealth 
accounts if they were estimated over time and connected to beneficia-
ries to allow ecosystem service flows to be estimated. Although not a 
comprehensive list, table 11.1 includes ecosystem services that address 
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wealth accounts’ “attribution problem”—ecosystem services included 
in economic production measures but not accurately attributed to eco-
systems; and their “production boundary problem”—services whose 
values are not currently included in wealth accounts. Examples of the 
first group include crop pollination and aspects of sediment regulation; 
examples of the second group include carbon sequestration and storage, 
coastal flood regulation, and aspects of sediment regulation. Four types 
of studies are excluded. First are global studies that use land-cover-
based value transfer, which are not informative for wealth accounts 
because of conceptual and methodological limitations (Costanza et al. 
2014). Second are modeling tools that have not yet been applied at 
global scales—such as Artificial Intelligence for Ecosystem Services 

TABLE 11.1 environmental modeling and mapping Approaches for ecosystem services in 
support of wealth Accounting

Ecosystem service

Examples of 
modeling  

and mapping  
approaches Key data inputs 

Representative 
examples Comments

Crop pollination Global mapping of 
pollination-dependent 
crops and pollinator 
habitat

Cropland extent 
and type,a pollinator 
habitat,a pollination 
dependency ratios, 
agricultural values

Lautenbach et al. 2012 High social relevance given rapid 
agricultural intensification and 
pollinator declines

sediment regulation Global erosion models 
paired with dams or 
other beneficiary data

soils,a elevation,a 
vegetation,a rainfall,a 
damsa

naipal et al. 2015 Could pair global erosion models 
with dams data (for example, 
Lehner et al. 2011) and water 
routing algorithms to roughly 
quantify sediment transport and its 
impacts and values

Carbon sequestration 
and storage

Global mapping of 
biomass and net 
primary productivity 
mapping (terrestrial); 
modeled mangrove 
biomass using climate 
as predictor (blue 
carbon)

Primary productivity,a 
biomass,a soils,a 
rainfall,a land and tree 
covera (terrestrial), 
climate,a seagrass 
extent, mangrove 
extenta (blue carbon)

scharlemann 
et al. 2014; 
Avitable et al. 2016; 
spalding, brumbaugh, 
and Landis 2016; 
Globbiomass 2017

methods frequently used 
to track carbon stocks and 
flows for reducing emissions 
from deforestation and forest 
degradation (redd+) and other 
programs 

Coastal flood 
regulation

statistical models of 
coastal ecosystems’ 
ability to reduce wave 
energy

elevation and 
bathymetry,a coastal 
ecosystems (coral 
reefs, mangroves, 
seagrass, coastal 
wetlands),a 
population 
distribution,a property 
value

Halpern et al. 2015; 
spalding, brumbaugh, 
and Landis 2016

For coastal and marine 
ecosystem services, Halpern 
et al. (2015) provide rankings 
(0–100) with annual change and 
by country; Halpern et al. have 
encountered some criticism 
related to construction of the 
index (branch, Hively, and Hilborn 
2013; visbeck et al. 2013). 
spalding, brumbaugh, and Landis 
(2016) provide some monetary 
values but do not yet include 
changes over time.

Note: REDD+ = Reducing Emissions from Deforestation and Forest Degradation (REDD), and the role of conservation, sustainable management 
of forests and enhancement of forest carbon stocks in developing countries.
a. Data derived from remote sensing.
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(ARIES), Integrated Valuation of Ecosystem Services and Tradeoffs 
(InVEST), and others (Bagstad et al. 2013; Sharp et al. 2016; Villa 
et al. 2014). Third are services with serious data or conceptual challenges 
that currently limit the ability to map at global scales, such as riverine 
flood regulation (Stürck, Poortinga, and Verburg 2014; Ward et al. 
2015). Fourth are studies of ecosystem goods (for example, fisheries) 
and recreation whose values are already included in wealth accounts. 
Advancements in Earth observation and environmental modeling will 
likely make it possible to model more ecosystem services in the future 
using methods such as those shown in table 11.1.

Two recent studies have mapped multiple ecosystem services glob-
ally, demonstrating the feasibility of global mapping; but each has 
 limitations for use in wealth accounting. First, Karp et al. (2015) 
explore the immediate feasibility of global ecosystem service monitor-
ing, combining models with national statistics. However, eight of the 
nine services they report are provisioning services already included in 
the wealth accounts, estimated using country-reported data published 
by the Food and Agriculture Organization of the United Nations 
(FAO). These limitations make the study unsuitable for wealth 
accounts, but it does provide one example of how provisioning services 
can be tracked globally using existing data. Second, the Integrated 
Model to Assess the Global Environment (IMAGE) quantified 11 eco-
system services globally at spatial resolution ranging from 10 kilome-
ters to 0.5 degree (Stehfest et al. 2014). IMAGE estimates five 
regulating services that could be incorporated into wealth accounts; 
however, all but carbon sequestration are reported as ranked indexes 
rather than biophysical units that are more amenable to monetary val-
uation. This makes its estimates largely inappropriate for wealth 
accounting.

An important step in biophysical ecosystem service assessment is to 
distinguish the potential supply of ecosystem services from the flows of 
services that are used by people. Ecosystem service flows can be valued, 
but their potential supply should not be. This means separating out, for 
example, watersheds that provide sediment regulation upstream of 
hydroelectric dams from those that regulate sediment but have no 
downstream dams, or distinguishing coastal ecosystems providing flood 
protection to human settlements from those with no nearby human 
settlements or other valuable assets (Hein et al. 2016). To make this 
distinction, better data are needed about the location, demand, and vul-
nerability of beneficiaries for different ecosystem services. Spatial data 
on population density (WorldPop 2017), market access (Verburg, Ellis, 
and Letourneau 2011), and other sources derived from both remote 
sensing and census data may be useful for this effort. As human popula-
tions grow, the quantity and value of ecosystem service flows are likely 
to increase, though their potential supply may be degraded (Hein et al. 
2016; Zank et al. 2016). Tracking changes in potential supply and eco-
system service flows can thus aid our understanding of the sustainability 
of service supply and use.
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Guidelines for Data and Models in Supporting Wealth 
Accounting for Natural Capital

Before being used, studies such as those mentioned above should first be 
screened for their suitability for use in wealth accounting. Mapped eco-
system service data should ideally meet seven criteria to be acceptable 
for use in wealth accounts. The first section notes that data should cover 
most or all nations, be amenable to repeated measure, and be publicly 
available. The third criterion means that the authors of each study would 
need to be willing to share their data. Fourth, studies should be quantita-
tive, with metrics amenable to monetary valuation (making rankings or 
semiquantitative studies unsuitable, such as Dickson et al. [2014], or 
several services quantified using IMAGE, such as Stehfest et al. [2014]). 
Fifth, studies should be of adequate spatial and temporal resolution so 
that changes over time at the national level can be detected, but not at 
such high resolution as to be computationally intractable. Given today’s 
data and computational resources, and depending on the ecosystem ser-
vices of interest and the complexity of models used to quantify them, 
annual outputs produced at 1 kilometer resolution may be a “sweet spot” 
for computationally complex global ecosystem service models (Willcock 
et al. 2016), whereas simpler models may be feasible at higher spatial 
resolution. Sixth, modeling studies should be calibrated wherever possi-
ble to field-collected observations. Similarly, where possible, remote 
sensing data should be verified on the ground and include an accuracy 
assessment. Although there are differences of opinion on what consti-
tutes an acceptable level of ground verification, best practices generally 
suggest that uncertainties in remote sensing data should be understood 
and communicated during the biophysical modeling process (Hamel and 
Bryant 2017). Finally (seventh), the limitations of each study should be 
carefully reviewed to avoid using studies in unintended ways. Discussions 
may be needed with the authors of key studies to understand their limits 
and proper use.

A key requirement for wealth accounts is their repeated measure-
ment over time. Time trend estimates of ecosystem services are not yet 
common at broad geographic scales (Willcock et al. 2016), though this 
limitation is changing (see Stehfest et al. 2014; Karp et al. 2015) with 
studies from Europe (Maes et al. 2015) and China (Ouyang et al. 2016). 
Despite the drawbacks of land cover as a proxy for ecosystem services, 
land cover data remain a key input to most ecosystem service models 
(Eigenbrod et al. 2010), and their consistent measurement over time is 
important. Land cover data are increasingly available on an annual basis. 
For example, in 2017 the European Space Agency Climate Change 
Initiative released a 300 meter global land cover data set available annually 
from 1992 to 2015 (ESA-CCI 2017).

Other spatial data also will be needed for terrestrial and coastal or 
marine environments. Various data integration challenges will need to be 
overcome, including how to handle data sets of varying spatiotemporal 
resolution and quality, which introduce uncertainty into model results. 
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The Earth Observation for Ecosystem Accounting initiative within the 
Group on Earth Observations is working to identify data needs that sup-
port applications of the SEEA-EEA. Many of its findings will also be highly 
relevant to wealth accounting.

In future wealth accounts, ecosystem service models themselves will 
need to be periodically updated. This effort will be a challenge because 
global models have tended to be either systems dynamics models that lack 
a spatial component or one-off studies (as described earlier). However, 
with steady data and computing improvements, such studies are increas-
ingly feasible. A key decision for future wealth accountants will be 
whether (1) to work with multiple groups of scientists who have pro-
duced individual modeling studies, updating studies using common input 
data, or (2) to integrate a series of models into a common spatial modeling 
system. The first approach would require that multiple research groups be 
available for such work and that their data and model code remain up to 
date. The second approach would require more up-front coordination, 
but could make the generation of future estimates simpler and more 
routine (see Villa et al. 2014). Either approach requires substantial invest-
ment. Wealth accountants might also consider supporting the indepen-
dent development of rival models, which would allow model ensembles 
to be used to quantify uncertainties, such as those used for modeling 
climate change and its impacts (Pachauri et al. 2014).

As newer models become available, natural capital accountants will 
face the choice of keeping past modeling approaches or using new, poten-
tially improved approaches that require updating for the entire time series. 
Updating past time series with new data and models is considered best 
practice because failing to do so can compromise the analysis of temporal 
trends. This approach is currently undertaken in other forms of environ-
mental assessments, such as the FAO Forest Resource Assessments (FAO 
2015). As spatial data improve, estimates could be generated on a more 
regular basis—eventually moving, perhaps, from every five years to annually. 
Finally, beneficiary data will need to be better incorporated into the mod-
els to estimate ecosystem service flows, and valuation data will be needed 
to generate natural capital asset values.

Economic Valuation for Wealth Accounting

As a final step in bringing natural capital into wealth accounting, ecosys-
tem service flows are valued monetarily as assets—typically first on an 
annualized basis, then as asset values (that is, net present value). Monetary 
valuation is likely to be at least as challenging as biophysical modeling of 
ecosystem services, and its full treatment is beyond the scope of this chapter. 
Although value transfer has been widely used to provide faster monetary 
values for ecosystem services, it is fraught with problems if done 
 incorrectly (Plummer 2009). Benefit transfer functions, especially those 
that incorporate spatially explicit data, may provide estimates of value 
that are considered acceptable by some analysts and for some services, 
while maintaining the capacity to provide global-scale estimates 
(Siikamäki, Santiago-Ávila, and Vail 2015). Recent studies to value 
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groundwater (Fenichel et al. 2016) and fisheries (Yun et al. 2016) also 
provide useful examples of valuation within a wealth accounting frame-
work. Although prices are likely to shift as the quantity of ecosystem 
services changes, this chapter makes the common simplifying assumption 
that prices remain constant over time. Using this assumption reduces the 
uncertainty surrounding price changes and prevents the mixing of signals 
of changing prices and quantities. As mentioned, proper natural capital 
accounting reattributes value to specific services and the ecosystems that 
provide them. For example, the value of cropland will be partly attrib-
uted to the water supply, soil fertility, and pollination services provided to 
that cropland. To avoid double counting, the value of services reattrib-
uted to natural capital should be deducted from the rental value esti-
mates for cropland as estimated, for instance, in the Changing Wealth of 
Nations. The same holds true for estimates of the value of pasture, forests, 
and other ecosystem types.

Challenges remain for comprehensively bringing the value of natural 
capital into wealth accounts—particularly regarding valuation of natural 
capital assets and modeling some of the more technically challenging eco-
system services (for example, riverine flood regulation) at a global scale. 
However, advances in data and environmental models should make the 
inclusion of certain ecosystem services in wealth accounts increasingly 
possible over, for example, a 5-to-10-year time frame. Such information 
can play an important role in building better wealth accounts and ecosys-
tem accounts that can guide decision making regarding national and global 
development, including the Sustainable Development Goals.

Note

1. Any use of trade, firm, or product names is only for descriptive purposes and 
does not imply endorsement by the U.S. government.

References

Alcaraz-Segura, D., C. M. di Bella, and J. V. Straschnoy, eds. 2013. Earth Observation 
of Ecosystem Services. Boca Raton, FL: CRC Press.

Araujo Barbosa, C. C., P. M. Atkinson, and J. A. Dearing. 2015. “Remote Sensing 
of Ecosystem Services: A Systematic Review.” Ecological Indicators 52 (May): 
430–43.

Avitable, V., M. Herold, G. B. M. Heuvelink, S. L. Lewis, O. L. Phillips, G. P. Asner, 
J. Armston, et al. 2016. “An Integrated Pan-Tropical Biomass Map Using Multiple 
Reference Datasets.” Global Change Biology 22 (4): 1406–20.

Bagstad, K. J., D. Semmens, S. Waage, and R. Winthrop. 2013. “A Comparative 
Assessment of Tools for Ecosystem Services Quantification and Valuation.” 
Ecosystem Services 5: 27–39.

Branch, T. A., D. J. Hively, and R. Hilborn. 2013. “Is the Ocean Food Provision 
Index Biased?” Nature 495 (7442): E7.

Costanza, R., R. de Groot, P. Sutton, S. van der Ploeg, S. J. Anderson, I. Kubiszewski, 
S. Farber, and R. K. Turner. 2014. “Changes in the Global Value of Ecosystem 
Services.” Global Environmental Change 26 (May): 152–58.



THE CHANGING WEALTH OF NATIONS 2018208

Dickson, B., R. Blaney, L. Miles, E. Regan, A. van Soesbergen, E. Väänänen, S. Blyth, 
et al. 2014. Towards a Global Map of Natural Capital: Key Ecosystem Assets. 
Nairobi, Kenya: United Nations Environment Programme.

Eigenbrod, F., P. R. Armsworth, B. J. Anderson, A. Heinemeyer, S. Gillings, D. B. 
Roy, C. D. Thomas, and K. J. Gaston. 2010. “The Impact of Proxy-Based Methods 
on Mapping the Distribution of Ecosystem Services.” Journal of Applied Ecology 
47 (2): 377–85.

ESA-CCI (European Space Agency Climate Change Initiative). 2017. “300 m 
Annual Global Land Cover Time Series from 1992 to 2015.” ESA, Paris. 
https://www.esa -landcover-cci.org/?q=node/175.

FAO (Food and Agriculture Organization of the United Nations). 2015. “Guide 
for Country Reporting for FRA 2015.” FRA 2015 Working Paper 184, FAO, 
Rome.

Fenichel, E. P., J. K. Abbott, J. Bayham, W. Boone, E. M. K. Haacker, and L. 
Pfeiffer. 2016. “Measuring the Value of Groundwater and Other Forms of 
Natural Capital.” Proceedings of the National Academy of Sciences 113 (9): 
2382–87.

Globbiomass. 2017. “Global Mapping.” http://globbiomass.org/products/global 
-mapping/.

Halpern, B. S., C. Longo, J. S. Stewart Lowndes, B. D. Best, M. Frazier, S. K. 
Katona, K. M. Kleisner, A. A. Rosenberg, C. Scarborough, and E. R. Selig. 
2015. “Patterns and Emerging Trends in Ocean Health.” PLoS ONE 10 (3): 
e0117863. http://www . oceanhealthindex.org/region-scores/annual-scores 
-and-rankings.

Hamel, P., and B. P. Bryant. 2017. “Uncertainty Assessment in Ecosystem Services 
Analyses: Seven Challenges and Practical Responses.” Ecosystem Services 24 
(April): 1–15.

Hein, L., K. J. Bagstad, B. Edens, C. Obst, R. de Jong, and J. P. Lesschen. 2016. 
“Defining Ecosystem Assets for Natural Capital Accounting.” PLoS ONE 11 
(11): e0164460.

Karp, D. S., H. Tallis, R. Sachse, B. Halpern, K. Thonicke, W. Cramer, H. Mooney, 
et al. 2015. “National Indicators for Observing Ecosystem Service Change.” 
Global Environmental Change 35: 12–21.

Lautenbach, S., R. Seppelt, J. Liebscher, and C. F. Dormann. 2012. “Spatial and 
Temporal Trends of Global Pollination Benefit.” PLoS ONE 7 (4): e35954.

Lehner, B., C. Reidy Liermann, C. Revenga, C. Vörösmarty, B. Fekete, P. Crouzet, 
P. Döll, et al. 2011. “Global Reservoir and Dam (GRanD) Database Technical 
Documentation, Version 1.1.” GWSP Digital Water Atlas, Bonn. http://atlas 
. gwsp.org.

Maes, J., N. Fabrega, G. Zulian, A. Barbosa, P. Vizcaino, E. Ivits, C. Polce, et al. 2015. 
Mapping and Assessment of Ecosystems and Their Services: Trends in Ecosystems 
and Ecosystem Services in the European Union between 2000 and 2010. Ispra, 
Italy: Joint Research Centre.

Naipal, V., C. Reick, J. Pongratz, and K. van Oost. 2015. “Improving the Global 
Applicability of the RUSLE Model—Adjustment of the Topographical and 
Rainfall Erosivity Factors.” Geoscientific Model Development 8: 2893–913.

Ouyang, Z., H. Zheng, Y. Xiao, S. Polasky, J. Liu, W. Xu, Q. Wang, et al. 2016. 
“Improvements in Ecosystem Services from Investments in Natural Capital.” 
Science 352 (6292): 1455–59.

Pachauri, R. K., M. R. Allen, V. R. Barros, J. Broome, W. Cramer, R. Christ, J. A. 
Church, et al. 2014. Climate Change 2014: Synthesis Report. Contribution of 
working groups I, II and III to the fifth assessment report of the Intergovernmental 
Panel on Climate Change. Geneva: IPCC.

https://www.esa-landcover-cci.org/?q=node/175�
http://globbiomass.org/products/global-mapping/�
http://globbiomass.org/products/global-mapping/�
http://www.oceanhealthindex.org/region-scores/annual-scores-and-rankings�
http://www.oceanhealthindex.org/region-scores/annual-scores-and-rankings�
http://atlas.gwsp.org�
http://atlas.gwsp.org�


CHAPter 11: remote sensinG And modeLinG to F iLL  tHe GAP in  “missinG” nAturAL CAPitAL 209

Plummer, M. L. 2009. “Assessing Benefit Transfer for the Valuation of Ecosystem 
Services.” Frontiers in Ecology and the Environment 7 (1): 38–45.

Scharlemann, J. P. W., E. V. J. Tanner, R. Hiederer, and V. Kapos. 2014. “Global Soil 
Carbon: Understanding and Managing the Largest Terrestrial Carbon Pool.” 
Carbon Management 5 (1): 81–91.

Schröter, M., R. P. Remme, E. Sumarga, D. N. Barton, and L. Hein. 2015. “Lessons 
Learned for Spatial Modelling of Ecosystem Services in Support of Ecosystem 
Accounting.” Ecosystem Services 13 (June): 64–69.

Sharp, R., H. T. Tallis, T. Ricketts, A. D. Guerry, S. A. Wood, R. Chaplin-Kramer, 
E. Nelson, et al. 2016. InVEST +VERSION+ User’s Guide. The Natural Capital 
Project, Stanford University, University of Minnesota, The Nature Conservancy, 
and World Wildlife Fund. http://data.naturalcapitalproject.org/nightly-build 
/ invest-users-guide/html/sdr.html.

Siikamäki, J., F. J. Santiago-Ávila, and P. Vail. 2015. Global Assessment of Nonwood 
Forest Ecosystem Services: Spatially Explicit Meta-Analysis and Benefit Transfer to 
Improve the World Bank’s Forest Wealth Database. Washington, DC: World Bank.

Spalding, M. D., R. D. Brumbaugh, and E. Landis. 2016. Atlas of Ocean Wealth. 
Arlington, VA: The Nature Conservancy. http://oceanwealth.org/.

Stehfest, E., D. van Vuuren, T. Kram, L. Bouwman, R. Alkemade, M. Bakkenes, 
H. Biemans, et al. 2014. “Integrated Assessment of Global Environmental 
Change with IMAGE 3.0. Model Description and Policy Applications.” PBL 
Netherlands Environmental Assessment Agency, The Hague.

Stürck, J., A. Poortinga, and P. H. Verburg. 2014. “Mapping Ecosystem Services: 
The Supply and Demand of Flood Regulation Services in Europe.” Ecological 
Indicators 38: 198–211.

UN (United Nations), European Commission, UN Food and Agriculture 
Organization, International Monetary Fund, Organization for Economic 
Cooperation and Development, and World Bank. 2014a. System of Environmental-
Economic Accounting 2012, Central Framework. New York: United Nations.

———, European Union, UN Food and Agriculture Organization, Organisation 
for Economic Co-operation and Development, and the World Bank Group. 
2014b. System of Environmental-Economic Accounting 2012, Experimental 
Ecosystem Accounting. New York: United Nations.

Verburg, P. H., E. C. Ellis, and A. Letourneau. 2011. “A Global Assessment of 
Market Accessibility and Market Influence for Global Environmental Change 
Studies.” Environmental Research Letters 6: 034019.

Villa, F., K. J. Bagstad, B. Voigt, G. W. Johnson, R. Portela, M. Honzak, and D. Batker. 
2014. “A Methodology for Adaptable and Robust Ecosystem Services 
Assessment.” PLoS ONE 9 (3): e91001.

Visbeck, M., U. Kronfeld-Goharani, B. Neumann, W. Rickels, J. Schmidt, and E. van 
Doorn. 2013. “Establishing a Sustainable Development Goal for Oceans and 
Coasts to Face the Challenges of Our Future Ocean.” Kiel Working Paper No. 
1847, Kiel Institute for the World Economy, Kiel, Germany.

Ward, P. J., B. Jongman, P. Salamon, A. Simpson, P. Bates, T. De Groeve, S. Muis, 
et al. 2015. “Usefulness and Limitations of Global Flood Risk Models.” Nature 
Climate Change 5 (8): 712–15.

Willcock, S., D. Hooftman, N. Sitas, P. O’Farrell, M. D. Hudson, B. Reyers, 
F. Eigenbrod, and J. M. Bullock. 2016. “Do Ecosystem Service Maps and Models 
Meet Stakeholders’ Needs? A Preliminary Survey across Sub-Saharan Africa.” 
Ecosystem Services 18: 110–17.

World Bank. 2011. The Changing Wealth of Nations: Measuring Sustainable 
Development in the New Millennium. Washington, DC: World Bank.

WorldPop. 2017. “WorldPop – What Is WorldPop?” http://www.worldpop.org.uk/.

http://data.naturalcapitalproject.org/nightly-build/invest-users-guide/html/sdr.html�
http://data.naturalcapitalproject.org/nightly-build/invest-users-guide/html/sdr.html�
http://oceanwealth.org/�
http://www.worldpop.org.uk/�


THE CHANGING WEALTH OF NATIONS 2018210

Yun, S. D., B. Hutniczak, E. P. Fenichel, and J. K. Abbott. 2016. “The Wealth of 
Ecosystems: Valuing Natural Capital in the Context of Ecosystem Based 
Management.” Paper presented at the Agricultural and Applied Economics 
Annual Meeting, Boston, MA, July 31–August 2.

Zank, B., K. J. Bagstad, B. Voigt, and F. Villa. 2016. “Modeling the Effects of Urban 
Expansion on Natural Capital Stocks and Ecosystem Service Flows: A Case 
Study in the Puget Sound, Washington, USA.” Landscape and Urban Planning 
149: 31–42.



211

Appendix A
Summary of Methodology 
and Data Sources

This appendix summarizes the data and methods behind the comprehensive 
wealth and adjusted net saving (ANS) estimates. The methodology builds 
on the foundation laid in previous works by the World Bank, including 
Expanding the Measure of Wealth (World Bank 1997), Where Is the Wealth 
of Nations? (World Bank 2006), and The Changing Wealth of Nations 
(World Bank 2011), with the primary innovation in this edition being the 
direct calculation of human capital and the bottom-up approach to esti-
mating total wealth.

The following sections provide an overview of the methodological 
details and data sources for estimating each wealth component. Detailed 
documentation of the data and methodology, and the scoping studies and 
background papers that underlie the revised methodology, are available on 
the wealth accounting page of the World Bank website.

Data are reported in constant 2014 U.S. dollars, at market exchange 
rates. A country-specific gross domestic product (GDP) deflator (base year 
2014) is used to bring all figures to real terms.

Total Wealth

A nation’s wealth consists of a diverse portfolio of assets, which 
together form the productive base of the national economy. These 
assets include
• Natural capital—including energy (oil, natural gas, and coal), minerals, agricul-

tural land (cropland and pastureland), protected areas, and forests (timber and 
some nontimber forest products);

• Produced capital—including machinery, structures, equipment, and urban land;

• Human capital—including the knowledge, skills, and experience embodied in the 
workforce; and

• Net foreign assets (NFAs)—including portfolio equity, debt securities, foreign direct 
investment, and other financial capital held in other countries.
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Total wealth is calculated by summing up each component of wealth 
(“bottom-up approach”):

Total wealth =  Natural capital + Produced capital + Human capital 
+ Net foreign assets

This represents a significant departure from past estimates, in which total 
wealth was estimated by assuming that consumption is the return on total 
wealth, and then calculating back to total wealth from current sustainable 
consumption (“top-down approach”). In previous estimates, produced 
capital, natural capital, and net foreign assets were calculated directly, then 
subtracted from total wealth to obtain a residual. The unexplained resid-
ual, called “intangible capital,” was largely attributed to human capital as 
well as to missing or mismeasured assets. Now with a direct measurement 
of human capital, total wealth can be estimated as the sum of all categories 
of assets.

Natural Capital

A few assumptions are applied to the valuation of natural resources that 
should be highlighted up front. First, in calculating the net present value, 
a discount rate of 4 percent1 is used across all resources and years (as in the 
previous Changing Wealth of Nations report [World Bank 2011]). 
Additionally, resource rents are assumed to remain constant in future years 
unless otherwise specified. This approach is supported by the System of 
Environmental-Economic Accounting (SEEA) in the absence of the abil-
ity to project future prices and extraction paths.

Second, a country-specific GDP deflator is used for all wealth compo-
nents to bring the values to constant 2014 U.S. dollars. The GDP deflator 
is a broad deflator that reduces price effects but may not eliminate all capi-
tal gains (or losses) that would be captured if a commodity-specific price 
deflator were to be applied.

Finally, the comprehensive wealth database draws on publicly 
available, global data sets. Although this approach has its limitations 
compared with country-specific assessments, it allows for consistency 
in cross-country analyses. Also, to maximize country coverage and 
gap-fill missing data, regional averages are often applied (specified 
below).

Energy and Mineral Resources
Nonrenewable resources valued in the World Bank wealth accounts 
include fossil fuel energy and mineral resources. As described in World 
Bank (2011), the value of a nation’s stock of a nonrenewable resource is 
measured as the present value of the stream of expected rents that may 
be extracted from the resource until it is exhausted. This value, Vt, is 
given as follows:
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where Rt  is a lagged, five-year moving average of rents in years t (the  current 
year) to t – 4; r is the discount rate (assumed to be a constant 4 percent), 
and T is the lifetime of the resource. Note that, unlike in previous Changing 
Wealth of Nations reports, there is no cap on T. Rents in the current year 
are  calculated as follows:
 Rt = πt qt (A.2)

where πt denotes unit rents, equal to revenues less production costs includ-
ing a “normal” rate of return on fixed capital and the consumption of fixed 
capital; and qt denotes the quantity of the resource extracted. Rents are 
converted into constant U.S. dollars at market rates using country-specific 
GDP deflators before averaging to obtain Rt . The present value of rents 
from energy and mineral resources is estimated under the restrictive 
assumption that rents remain constant in future years.

The fossil energy resources valued in the World Bank wealth accounts 
are petroleum, natural gas, and coal. Metals and minerals valued in the 
wealth accounts comprise bauxite, copper, gold, iron ore, lead, nickel, 
phosphate rock, silver, tin, and zinc. 

Data Sources

As noted, the value of a nation’s stock of energy resources is calculated as 
the present value of expected rents that could be obtained over the life-
time of the resource. Calculating the present value of future rents requires 
data for annual production, prices, production costs, and proven reserves. 
From existing reserves and current rates of production, the time to 
exhaustion of the resource is assumed. Data sources for implement-
ing and estimating each of these elements are listed in table A.1, and 
users should refer to the technical documentation for more detailed 
information.

Forest Resources: Timber
The predominant economic use of forests has been as a source of timber. 
Timber resources are valued according to the present discounted value of 
rents from the production of roundwood over the expected lifetime of 
standing timber resources. This value, Vt, is given by the following 
equation:
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where Rt  is a lagged, five-year moving average of rents from timber in 
years t (the present year) to t – 4; r is the discount rate (assumed to be 
equal to 4 percent), and T is the lifetime of timber resources. Unlike met-
als and minerals, timber is a renewable resource, so the concept of sustain-
able use of forest resources is introduced through the choice of T. The 
lifetime of timber resources is determined by the rate of timber extraction 
(Q) relative to the rate of natural growth (N). If Q > N, then current rates 
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TABLE A.1 data sources for energy and mineral resources

Resource Indicator Data sources Notes

oil and  
natural gas

Production rystad energy, uCube (upstream database)
ieA, “world energy statistics,” ieA world energy 
statistics and balances database
ieA, “world Conversion Factors,” ieA world energy 
statistics and balances database
bP, statistical review of world energy
u.s. energy information Administration, international 
energy statistics
un statistics division, un monthly bulletin of statistics

Production data from different 
sources are selected following a 
few decision rules, such as best 
coverage over time and median 
values among estimates.

oil and  
natural gas

unit rent rystad energy, uCube (upstream database) the country data from rystad 
energy on unit revenues and costs 
for oil and natural gas are used to 
calculate average rental rates by 
region. Average rental rates are 
weighted by production.

oil and  
natural gas

Proven 
reserves

bP, statistical review of world energy
u.s. energy information Administration, international 
energy statistics

Coal Production ieA, world energy statistics
u.s. energy information Administration, international 
energy statistics
un statistics division, un monthly bulletin of statistics

Coal production is standardized 
on the basis of heat content and 
is broken down into two general 
categories: hard coal and brown 
coal.

Coal unit cost wood mackenzie, Global economic model database
Case studies from various sources
world bank, manufactures unit value index, Global 
economic monitor Commodities database

Coal unit price world bank, Global economic monitor Commodities 
database
Government of Australia, office of the Chief economist, 
department of industry, innovation and science, 
“resources and energy Quarterly”
ieA, Coal Information (Paris, oeCd: various years)

Country-level estimates of unit 
production costs and prices are 
used to calculate average rental 
rates by region for thermal and 
metallurgical (coking) coal. Average 
rental rates are weighted by 
production.

Coal Proven 
reserves

u.s. energy information Administration, international 
energy statistics
bGr (German Federal institute for Geosciences and 
natural resources), “reserves, resources, and 
Availability of energy resources” 2015

metals and 
minerals

Production u.s. Geological survey, Minerals Yearbook, Vol. I: Metals 
and Minerals, various years
usGs, mineral Commodity summaries, various years
british Geological survey, world mineral statistics

metals and 
minerals

unit cost Country-specific case studies from various sources; 
assumed to be representative for the region
world bank, manufactures unit value index, Global 
economic monitor Commodities database

metals and 
minerals

unit price world bank, Global economic monitor Commodities 
database

unit rents are calculated directly 
per country.

metals and 
minerals

Proved 
reserves

usGs, mineral Commodity summaries and minerals 
yearbooks, various years

Note: IEA = International Energy Agency; OECD = Organisation for Economic Co-operation and Development; UN = United Nations.
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of extraction are unsustainable, and the lifetime of the resource is limited. 
If Q ≤ N, then extraction is assumed to be sustainable, and the lifetime of 
the resource is taken as infinite. As with other assets, T is no longer capped 
at 25 years. Rents from timber in year i are calculated as follows:

 Ri = πi Qi (A.4)

where πi denotes unit rents, equal to revenues less production costs, and Qi 
denotes the quantity of roundwood extracted. Data and methods for esti-
mating timber wealth are described in table A.2. Rents are converted into 
units of constant U.S. dollars at market rates using country-specific GDP 
deflators before averaging to obtain R .

Forest Resources: Nontimber
Timber revenues are not the only contribution forests make. Nontimber for-
est benefits such as minor forest products, hunting, recreation, and water-
shed protection are significant benefits not usually accounted for, which 
leads to the undervaluation of forest resources. This edition of the Changing 
Wealth of Nations features new estimates of nontimber forest wealth, based 
on a meta-analysis study that predicts annual, per hectare values for each 
service category per country using a spatially explicit meta-regression 
model (Siikamäki, Santiago-Ávila, and Vail 2015). 

The annual value of nontimber forest ecosystem services is estimated 
by multiplying total forest area in a given year by the sum of the per 
hectare monetary values for the three benefit categories (nonwood forest 
products; recreation, hunting, and fishing; and watershed protection). 
The capitalized value of nonwood services is equal to the present value 
of annual services, discounted into the future. The present value, PV, of 
nontimber services is given by the following equation:

 PV( ) = +S S
s
r

 (A.5)

where S is the sum of per hectare service values for the three benefit cat-
egories and r is the discount rate of 4 percent. Services received during the 
present year are not discounted. No distinction is made between natural 
and planted forest. Per hectare monetary values estimated for 2013 are 
assumed to be constant over time and are adjusted for inflation using 
country-specific GDP deflators. Also, values are estimated for the given 
year’s forest area, assuming no change in forest cover in the future. See 
table A.3.

Agricultural Land
Agricultural land constitutes a considerable portion of total wealth in devel-
oping countries, particularly in the low-income group. For the purposes of 
the World Bank wealth accounts, agricultural land is conceptually divided 
into cropland and pastureland. There are potentially two alternative 
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TABLE A.2 data sources for Forest timber resources

Indicator Data sources Notes

Production un Food and Agricultural organization 
(FAo), FAostAt database

timber production is the sum of coniferous industrial roundwood, 
nonconiferous industrial roundwood, and woodfuel.

unit price FAostAt database unit price is proxied by export unit value. regional averages are then used 
to help correct the observed volatility in prices at the country level.

rental rate estimates by Applied  
Geosolutions 2015

A regional rental rate is applied to total revenues in the absence of 
country-specific production cost data. this rental rate additionally 
accounts for the price differential between export prices and domestic 
stumpage prices.

Life of 
resource

FAo, Global Forest Resources 
Assessment

data on total forest area and its breakdown, net annual increment, and 
growing stock of timber

TABLE A.3 data sources for Forest nontimber resources

Indicator Data sources Notes

total forest area un Food and Agricultural organization, Global Forest 
Resources Assessment

Annual service 
values per 
hectare of forest

unit values are as estimated by siikamäki, santiago-Ávila, 
and vail 2015

Annual values equal the sum of recreation, 
hunting, and fishing; nonwood forest 
products; and watershed protection.

methods for estimating land wealth. The first method uses information 
from sales of land. The second method uses information on the annual flow 
of rents the land generates and takes the present value of such rents in the 
future. Given that information on land transactions is often missing, the 
second method is used. The value of cropland and pastureland, Vt, is calcu-
lated as the present value of returns to land using the following equation:

 
)(= +

−
V R

R
r gt t

t  (A.6)

where Rt
 refers to the lagged, five-year moving average of the total value 

of rents from crop and livestock products in the present year t to year t – 4; 
r is the annual discount rate of 4 percent, assumed for all countries and 
years; and g is the annual rate of growth in agricultural productivity. For 
crops, a rate of 1.94 percent is assumed for g for all low- and middle-
income countries, and a rate of 0.97 percent is assumed for g for all high-
income countries. For livestock products, 2.95 percent is assumed for 
low- and middle-income countries and 0.89 percent for high-income 
countries (Rosengrant, Agcaoili-Sombilla, and Perez 1995). Total rents R 
are converted into units of constant U.S. dollars at market rates using 
country-specific GDP deflators before averaging to obtain Rt . The area of 
agricultural land is assumed to be constant; that is, wealth is estimated for 
the current area of land, not taking into account changes in the area of land 
(or land degradation) that may affect rents in the future. See table A.4.
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Rental Rates

Rents are estimated for crops as follows:

 Rc,k,t = qc,k,t × pc,k,t × ag (A.7)

where Rc,k,t represents rents in country c from crop k harvested in year t; 
qc,k,t denotes production for that individual country, crop, and year; pc,k,t 
denotes the unit price; and ag is the average rental rate assumed for all 
countries and crops grown in region g. The rental rate a is equal to the 
ratio of (price – cost)/price. The rental rate is not given a t subscript 
because it is assumed to be constant over time. Estimates of rental rates 
are provided by Evenson and Fuglie (2010).

Rents from livestock products are different for livestock raised in 
extensive versus intensive production systems. Intensive systems are char-
acterized by high output of animal products per unit surface area, and 
extensive systems use land areas of low production and under conditions 
of moderate grazing. Livestock rents are calculated as follows:

 Rc,k,t = (qc,k,t × pc,k,t × 2ag) ec + (qc,k,t × pc,k,t × ag)(1−ec) (A.8)

where R, q, p, and a are as defined above for crops; ec is the share of livestock 
production in extensive systems for livestock products in country c; and 
(1 – ec) is the share of livestock production in intensive systems. For live-
stock raised in extensive production systems, the rental rate is assumed to 
be twice that for intensive systems.2 The same regional rental rates assumed 
for crop products are assumed for livestock products in intensive systems. 

The share of livestock produced in extensive versus intensive systems 
is apportioned according to the percentage of ruminant meat produced in 
grazing systems, as estimated by the Food and Agricultural Organization of 
the United Nations (FAO) for its Global Livestock Environmental 
Assessment Model.3 The FAO estimates the percentage of meat produced 
in grazing systems for 228 countries and other administrative regions. 
Where country-level estimates of meat production in grazing systems by 

TABLE A.4 data sources for Cropland and Pastureland

Item Indicator Data sources Notes

Primary crop 
and livestock

Production FAo, FAostAt database Crop products span the categories of cereals, 
fibers, fruits, nuts, oil crops, pulses, roots, spices, 
stimulants, sugar, and vegetables. Livestock 
products span the categories of meats, milks, and 
other (for example, hides).

Primary crop 
and livestock

Prices FAo, value of Agricultural Production, 
Production, FAostAt database
FAo, Producer Prices – Annual, Prices, 
FAostAt database

unit prices as reported in the FAo’s estimates 
of the value of agricultural production are 
given priority, followed by the FAo estimates 
of producer prices. if country-specific data on 
prices are unavailable for a certain product, then 
regional or world averages are applied. regional 
and world averages are weighted by production.

Note: FAO = United Nations Food and Agricultural Organization.
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the FAO are not available, regional averages of e are applied (weighted by 
the total area of pastureland). 

Once rents are estimated for each crop and livestock product k pro-
duced by country c in year t, total rents from agricultural land are esti-
mated by summing rents for all products k. 

Protected Areas
Areas protected for conservation and preservation of ecosystems provide 
a range of services to the country. For example, wildlife reserves can gen-
erate significant revenues for developing countries, in particular from 
international tourism activities. And about one-third of the world’s big 
cities get their drinking water from sources in or downstream of pro-
tected areas, saving billions of dollars in supply and treatment costs thanks 
to forests and wetlands that regulate the flow of water and remove con-
taminants (Dudley et al. 2010). Valuing such ecosystem services on a 
global basis, however, is difficult. For this reason, protected areas are val-
ued in the World Bank wealth accounts using a simplified approach. 
Under this approach, the quasi-opportunity cost of protection per unit 
area of land contained in terrestrial protected areas is estimated as the 
lower of returns to cropland and pastureland. This is likely to be a lower 
bound on the true value of protected areas. Returns are capitalized over 
an infinite time horizon as follows:

 V R
R
r

At t
t= +









 t  (A.9)

where Vt is the value of protected areas in year t; Rt  is the minimum 
of total rents per square kilometer of cropland and total rents per 
square kilometer of pastureland, averaged over a five-year period 
from year t to year t−4; r is the discount rate of 4 percent; and At is 
the area of land under protection in year t.

Data sources for the area of cropland, pastureland, and protected 
areas are listed in table A.5.

TABLE A.5 data sources for Agricultural Land and terrestrial Protected 
Land Area

Element Data sources and notes

Area of cropland and 
pastureland

• world bank, “Land area (square kilometer)” (AG.Lnd.totL.K2), wdi 
database

• world bank, “Agricultural land (% of land area)” (AG.Lnd.AGri.Zs), wdi 
database

• world bank, “Arable land (% of land area)” (AG.Lnd.ArbL.Zs), wdi database
• world bank, “Permanent cropland (% of land area)” (AG.Lnd.CroP.Zs), wdi 

database

terrestrial protected area • world bank, “terrestrial protected areas (% of land area)” (er.Lnd.PtLd.
Zs), wdi database

Note: WDI = World Development Indicators.
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Produced Capital

Produced capital consists of manufactured or built assets such as machinery, 
equipment, and physical structures. Estimates of produced capital stocks in 
the World Bank wealth accounts also include the value of built-up urban 
land, which is valued as a mark-up on other produced assets.

Several estimation procedures can be considered for the calculation of 
physical capital stocks. Some of them, such as the derivation of capital 
stocks from insurance values or accounting values or from direct surveys, 
entail enormous expenditures and face problems of limited availability 
and adequacy of data. Other estimation procedures, such as accumulation 
methods and, in particular, the perpetual inventory method, are cheaper 
and more easily implemented because they require only investment data 
and information on the assets’ service lives and depreciation patterns. 
These methods derive capital series from the accumulation of investment 
series and are the most popular. The perpetual inventory method is, 
indeed, the method adopted by most Organisation for Economic 
Co-operation and Development (OECD) countries that estimate capital 
stocks (Bohm et al. 2002; Mas, Perez, and Uriel 2000; Ward 1976). 
This method is also used in the estimates of capital stock.

For most countries, estimates of physical capital are obtained 
directly from the Penn World Table 9.0 database4 (Feenstra, Inklaar, and 
Timmer 2015). The Penn World Table authors use the perpetual inven-
tory method to estimate produced capital stocks for 172 countries from 
1970 to 2014. 

The physical capital estimates include the value of structures, 
machinery, and equipment, because the value of the stocks is derived 
(using the perpetual inventory method) from gross capital formation 
data that account for these elements. In the investment figures, however, 
only land improvements are captured. Thus, the final capital estimates 
do not entirely reflect the value of urban land.

Drawing on Kunte et al. (1998), urban land is valued as a fixed 
proportion of the value of physical capital. Ideally, this proportion 
would be country specific. In practice, detailed national balance sheet 
information with which to compute these ratios was not available. 
Thus, as in Kunte et al. (1998), a constant proportion equal to 24 percent 
is assumed:

 Ut = 0.24Kt (A.10)

where U is the value of urban land and K is the produced capital stock 
(machinery, equipment, and structures) in year t.

Net Foreign Assets

Net foreign assets (NFAs) are a measure of the cross-border assets and 
liabilities held by a country’s residents. A country’s external asset position, 
or NFA, is calculated as follows:

 NFA = FA−FL (A.11)
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where FA are total foreign assets and FL are total foreign liabilities. Total 
foreign assets are calculated as follows;

 FA = equitya + FDIa + debta + derivativesa + forex (A.12)

where equitya is portfolio equity assets, FDIa is foreign direct investment 
assets, debta is debt assets, derivativesa is financial derivatives assets, and 
forex is foreign exchange reserves (excluding gold). Similarly, total foreign 
liabilities are calculated as follows:

 FL = equityl + FDIl + debtl + derivativesl (A.13)

where equityl is portfolio equity liabilities, FDIl is foreign direct invest-
ment liabilities, debtl is debt liabilities, and derivativesl is derivatives 
liabilities.

The primary data source for NFA is the updated and extended 
version of the External Wealth of Nations Mark II database developed 
by Lane and Milesi-Ferretti (2007). The Lane and Milesi-Ferretti 
database, last updated in early 2016, provides estimates of NFA for 
1970–2014 for 211 economies. Where estimates of NFA and its com-
ponents are not available in the Lane and Milesi-Ferretti database, 
additional data are obtained from various sources to extend the coun-
try coverage.

Human Capital

The approach used for measuring human capital is outlined in this volume 
in chapter 6, and in more detail in a companion piece by Barrot et al. (forth-
coming). Our measures of human capital wealth rely on estimations con-
ducted using household surveys; calibration of the results is based on the 
share of labor earnings in GDP in the national accounts. The first step in the 
analysis consists in estimating earnings regressions. Denote an individual’s 
age by a (from age 15 to 64) and years of schooling by e (from 0 to 24). 
Years of experience are approximated as x = max (0, a – e – 6). Mincerian 
wage regressions are estimated as follows:

 y e x xi i i iiIn ( ) .1 2 3
2α e= + β + β + β +  (A.14)

On the basis of these regressions, a matrix of expected earnings, H, 
is constructed. Each cell in the matrix accounts for wages earned by 
the population of age a and education level e. If nae is the number of 
workers of age a and years of schooling e, each cell in the matrix is 
defined as follows:

 Hae = naeexp (β1e + (β2 + β3xae) xae). (A.15)

Total expected earnings, T, from the survey are estimated as 
T = ∑a∑eHae. For consistency with the national accounts, all cells in the 
matrix of expected earnings from the survey are scaled up or down by 
the ratio of labor earnings in the national accounts, W, to expected labor 
earnings in the survey, T. This generates a set of wages by age group and 



APPendix A: summAry oF metHodoLoGy And dAtA sourCes 221

education level Wae = (W/T)Hae. The data are disaggregated by sex as 
well as by type of employment. 

For notation purposes, we consider only the disaggregation into 
self-employed workers and wage earners here. Denote by wae

m  a cell in 
the remuneration matrix for employed workers, and by wae

s  the corre-
sponding cell in the matrix for the self-employed. Similarly denote the 
number of workers of both groups as nae

m  and nae
s  and the population of 

age a and education level e by popae. Probabilities of being employed or 

in self-employment are estimated as =p n popae
m

ae
m

ae/  and =p n popae
s

ae
s

ae/ .  
Two additional parameters are used in the estimations. First, because 

estimates are provided for the adult population ages 15–64, we compute 
a probability, denoted by +rae

e 1 , that a person of age a and education e will 
undertake an extra year of education (and thereby not work during that 
year). Second, we compute age cohort survival rates from life tables, 
denoted as Va,a+1. 

Total human capital is calculated as the discounted value of lifetime 
earnings of two population subgroups, those ages 25–65 years (assumed to 
have finished schooling), and those ages 15–24 years who have some prob-
ability of still being in school. Denote the discount factor by d. For an 
individual with age a and education e randomly drawn from the subpopu-
lation ages 25–65, the discounted lifetime income hae is estimated accord-
ing to the following recursion:

 ., 1 1,= + + × ×+ +h p w p w d v hae ae
m

ae
m

ae
s

ae
s

a a a e  (A.16)

This expression states that the lifetime income of a representative indi-
vidual age 25–65 is the sum of two parts: current labor income taking into 
account the probabilities of being either employed or self-employed, plus 
lifetime income in the next year, adjusted by a discount factor and the 
 corresponding survival rate.

For an individual between ages 15 and 24 years, the expression is 
slightly more complex to allow for the possibility of continuing one’s edu-
cation. In the next year, the individual must choose between two courses 
of action: the first is to continue to work (holding the same education level 
as before) and earn income of d × Va,a+1× ha+1,e with the probability )( − +rae

e1 1 ; 
the second is to undertake one more year of education and (after finishing) 
to receive income d × Va,a+1× ha+1,e+1, with the probability of +rae

e 1 . In each 
case a proportion Va,a+1 is assumed to survive. The recursive relationship is 
therefore the following:

(1 ) .1
, 1 1,

1
, 1 1, 1= + + − × × × + × × ×+

+ +
+

+ + +h p w p w r d v h r d v hae ae
m

ae
m

ae
s

ae
s

ae
e

a a a e ae
e

a a a e  
(A.17)

When adding disaggregation by sex, the approach results in a measure 
of human capital wealth with four components, namely the present values 
of future earnings by sex and by type of employment (wage earners versus 
self-employed). 

Table A.6 provides the data sources used for the analysis. 
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Adjusted Net Saving

Table A.7 provides a brief overview of the underlying components of the 
adjusted net saving (ANS) indicator and their primary data sources.

TABLE A.6 data sources for the estimation of Human Capital

Indicator Data sources

Annual earnings (by age, gender, educational attainment) international income distribution database (i2d2)

returns to schooling (mincer equation) updated estimates, based on montenegro and Patrinos (2016) 
derived from i2d2

educational attainment (by age, gender) i2d2

Population (by age, gender) united nations Population division

mortality rates (by age, gender) united nations Population division

Labor share of GdP (employed and self-employed) united nations national Accounts, Penn world table

Note: GDP = gross domestic product.

TABLE A.7 Adjusted net saving’s Components and Primary data sources

Component Description Primary data sources

Gross national saving (Gns) Calculated as gross national income less total 
consumption, plus net transfers, a standard item in 
the system of national Accounts.

world bank, world development 
indicators

Consumption of fixed capital (CFC) Calculated as the replacement value of capital used 
up in the process of production, also a standard item 
in the system of national Accounts.

united nations, oeCd, and Penn 
world table (Feenstra, inklaar, and 
timmer 2015), with missing data 
estimated by world bank staff

Current public expenditure on 
education (edu)

standard savings measures only count as an 
investment that portion of total expenditure on 
education (usually less than 10 percent) that goes 
toward fixed capital such as school buildings; the 
rest is considered consumption. within the Ans 
framework, which considers human capital to be a 
valuable asset, expenditures on its formation cannot 
be labeled as simple consumption. As a lower-bound 
first approximation, the calculation thus includes 
current operating expenditures in education, 
including wages and salaries and excluding capital 
investments in buildings and equipment.

unesCo; data are extrapolated to 
2015 from the most recent year 
available

net forest depletion (nFd) Calculated as the product of unit resource rents 
and the excess of roundwood harvest over natural 
growth. if growth exceeds harvest, this figure is 
zero.

see section on “Forest 
resources: timber”

(continued on next page)
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TABLE A.7 Adjusted net saving’s Components and Primary data sources (continued)

Component Description Primary data sources

depletion of fossil energy  
resources (end)

Calculated as the ratio of the value of the stock of 
energy resources to the remaining reserve lifetime. 
it covers coal, crude oil, and natural gas.

see section on “energy and 
mineral resources”

depletion of metals and  
minerals (mid)

Calculated as the ratio of the value of the stock of 
mineral resources to the remaining reserve lifetime. 
it covers bauxite, copper, gold, iron ore, lead, nickel, 
phosphate rock, silver, tin, and zinc.

see section on “energy and 
mineral resources”

Carbon dioxide damage (Co2) Cost of damage as a result of carbon dioxide 
emissions from fossil fuel use and the manufacture 
of cement, estimated to be us$30 per ton of Co2 
(the unit damage in 2014 u.s. dollars for Co2 
emitted in 2015) times the number of tons of Co 2 
emitted.

world bank, World Development 
Indicators

Air pollution damage (PoL) Cost of damage as a result of exposure of a 
country’s population to air pollution, including 
ambient concentrations of particulate matter 
measuring less than 2.5 microns in diameter 
(Pm2.5), indoor concentrations of air pollution in 
households cooking with solid fuels, and ambient 
ozone pollution. damage costs are calculated as 
forgone labor output caused by premature death 
from pollution exposure.

data on health impacts from 
pollution exposure are from the 
institute for Health metrics and 
evaluation’s Global burden of 
disease study 2015

Adjusted net saving (Ans) Ans =  Gns – CFC + edu – nFd – end – mid – Co2 
– PoL

Note: OECD = Organisation for Economic Co-operation and Development; UNESCO = United Nations Educational, Cultural, and Scientific 
Organization.

Notes

1. The 4 percent discount rate is the long-term (100 years or more) real return on 
financial assets globally, derived from Credit Suisse data.

2. As recommended by Pierre Gerber, Senior Livestock Specialist, World Bank, 
April 2016.

3. See FAO, Global Livestock Environmental Assessment Model (GLEAM), 
http://www.fao.org/gleam/en/.

4. Data available for download at http://www.ggdc.net/pwt.
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Appendix B
Per Capita Wealth for 2014

The following table shows estimates of total wealth and its subcompo-
nents by economy and aggregate averages (income group, geographic 
region, region with only low- and middle-income economies). Estimates 
are in 2014 U.S. dollars per capita at market exchange rates.
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