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Abstract In this lecture, I demonstrate how very

different macroeconomic history begins to look if

Nature is included as a capital asset in production

activities. The tentative conclusions I draw from the

evidence are: (1) high population growth in the world’s

poorest regions (South Asia and sub-Saharan Africa)

has been an obstacle to the achievement of sustainable

economic development there; relatedly, (2) when

population growth is taken into account, the accumu-

lation of manufactured capital, knowledge, and human

capital (health and education) has not compensated for

the degradation of natural capital in South Asia and

sub-Saharan Africa and, in all probability, even in the

UK and the US; (3) China is possibly an exception to

(1) and (2).

Keywords Natural capital � Externalities � Shadow

prices � Social discount rates � Climate change �
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Motivation

Twentieth-century economics has, in large measure,

been detached from the environmental sciences. Judg-

ing by the profession’s writings, we economists see

Nature, at best, as a backdrop from which resources can

be considered in isolation. Moreover, macroeconomic

forecasts invariably exclude natural resources. (When

was the last time you read quantitative estimates of soil

erosion, atmospheric pollution, or habitat destruction in

a government report on the state of the economy?)

Accounting for Nature, if it comes into the calculus at

all, is an afterthought to the real business of ‘‘doing

economics’’. We have been so successful in this enter-

prise that, if someone today exclaims, ‘‘Economic

growth!’’, no one needs to ask, ‘‘Growth in what?’’—we

all know that they mean growth in gross domestic

product (GDP).

The rogue word in GDP is ‘‘gross’’. Since GDP is

the total value of the final goods and services an

economy produces, it does not deduct the depreciation

of capital that accompanies domestic production. In

particular, it does not deduct the depreciation of nat-

ural capital.

It is useful to think of natural capital in an inclusive

way. Pollutants should be seen as the reverse side of

natural resources. Roughly speaking, ‘‘resources’’ are

‘‘goods’’ (in many situations, they are the sinks into

which pollutants are discharged—for example, the

emission of carbon dioxide into the atmosphere), while

‘‘pollutants’’ (the degrader of resources) are ‘‘bads’’. If,

over a period of time, the discharge of pollutants into a

sink exceeds the latter’s assimilative capacity, the sink

collapses. Pollution is, thus, the reverse of conserva-

tion.

This article is based on the Keynote Lecture delivered at the
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World’’, held in Tokyo on November 24, 2006. The exposition
relies on my book, Economics: A Very Short Introduction,
Oxford University Press, Oxford, 2007.
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The practice of judging the progress and regress of

nations in terms of GDP growth, or even in terms of

the United Nations’ Human Development Index

(HDI), has given rise to a puzzle.

On the one hand, if we look at specific examples of

natural resources (fresh water, ocean fisheries, the

atmosphere as a carbon sink—more generally, eco-

systems), there is strong evidence that the rates at

which we are currently utilizing them are unsustain-

able. During the twentieth century, world population

grew by a factor of four to more than six billion,

industrial output increased by a multiple of 40 and the

use of energy by 16, methane-producing cattle popu-

lation grew in pace with human population, fish catch

increased by a multiple of 35, and carbon and sulfur

dioxide emissions by 10. The application of nitrogen to

the terrestrial environment from the use of fertilizers,

fossil fuels, and leguminous crops is now at least as

great as that from all natural sources combined. Ecol-

ogists have estimated that 40% of the net energy cre-

ated by terrestrial photosynthesis is currently being

appropriated for human use. These figures put the

scale of our presence on Earth in perspective and re-

veal that Humanity has created an unprecedented

disturbance in Nature in a brief period of a century or

so.

On the other hand, it is often argued that, just as

earlier generations in the West invested in science and

technology, education, and machines and equipment so

as to bequeath to the present generation the ability to

achieve high income levels, the current generation is

now, in turn, making investments that will assure still

higher living standards in the future. It has been argued

as well that the historical trend in the prices of mar-

keted natural resources, such as minerals and ores, has

been so flat that there is no reason for alarm. Economic

growth has allowed more people to have access to

potable water and enjoy better protection against

water- and air-borne diseases. The physical environ-

ment inside the home has improved beyond measure

with economic growth: cooking in the Indian sub-

continent continues to be a major cause of respiratory

illnesses among women. Moreover, natural resources

can be so shifted round today, that dwindling resources

in one place can be met by imports from another.

Intellectuals and commentators use the term ‘‘global-

ization’’ to imply that location, per se, does not matter.

This optimistic view emphasizes the potential of capital

accumulation and technological improvements to

compensate for environmental degradation. It says that

economic growth, even in the form and shape it has

taken so far, is compatible with sustainable develop-

ment. This probably explains why contemporary soci-

eties are obsessed with cultural survival and are, on the

whole, dismissive of any suggestion that we need to

find ways to survive ecologically.

A great deal of my own research over the years has

been to take both claims seriously and to construct

quantitative models in which the interplay of ecology,

demography, and economics fashion the pathways

along which the two opposing considerations make

themselves felt. And I have been particularly anxious

to construct the models in such a way as to be sensitive

to the particularities of poor countries. In this article, I

want to demonstrate how very different the macro-

economic history of nations begins to look if Nature is

included as a capital asset in production activities. I do

that by summarizing research among a small group of

ecologists and economists who have developed the

correct way to study the progress of economies.

Sustainable development: theory

The starting point for reconciling the conflicting intu-

itions that I have just sketched is the notion of sus-

tainable development. The term became commonplace

after the publication of a report by the World Com-

mission on Environment and Development (World

Commission 1987), widely known as the Brundtland

Commission Report, where sustainable development

was defined as ‘‘... development that meets the needs of

the present without compromising the ability of future

generations to meet their own needs.’’ The idea is that,

relative to their respective demographic bases, each

generation should bequeath to its successor at least as

large a productive base as it inherited from its prede-

cessor. If it were to do so, the economic possibilities

facing the successor would be no worse than those it

faced when inheriting productive assets from its pre-

decessor.

An economy’s productive base includes not only its

capital assets (stocks of manufactured, human, and

natural capital; knowledge), but also its institutions

(including its cultural coordinates). Together, they of-

fer the infrastructure open to people, even as they

produce, consume, and trade. A society’s productive

base is the source of its well-being. We should note that

the productive base is a diverse collection of durable

objects, some tangible and alienable (buildings and

machinery, land and animals, trees and shrubs), some

tangible but non-alienable (human beings, the oceans),

some intangible but alienable (codified pieces of

knowledge, such as patentable ideas), some intangible

and non-alienable (air, skills, the legal framework, and

cultural coordinates), and some that involve both
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human capital and mutual expectations (institutions,

social capital).

But how is a generation to judge whether it is

leaving behind an adequate productive base for its

successor?

Why GDP and HDI will not do

It is easy to see that focusing on GDP or HDI will not

do. An economy’s productive base is its stock of capital

assets and institutions. By capital assets, we mean not

only manufactured capital, human capital, and knowl-

edge, but also natural capital. We will presently dis-

cover what to look for in order to check whether an

economy’s productive base is expanding or contracting.

It is evident though, that an economy’s productive base

will shrink if its stock of capital assets depreciates and

its institutions are not able to improve sufficiently to

compensate for that depreciation. It is certainly possi-

ble for a country’s productive base to grow while its

GDP increases or its HDI improves (this will be con-

firmed when we come to study Table 1), which is, no

doubt, a path of economic development we would all

like to follow; but it is also possible for a country’s

productive base to shrink during a period when GDP

grows and its HDI improves (this will also be con-

firmed when we come to study Table 1). The problem

is that no one would notice the shrinking if everyone’s

eyes were riveted on GDP or HDI. If the productive

base continues to shrink, economic growth will, sooner

or later, stop and reverse sign and, sooner or later, its

HDI will begin to fall. The standard of living will then

decline, but no one would have suspected that a fall

was in store. So, growth in GDP per head and

improvements in HDI will encourage us to think that

all is well, when it is, in fact, not. Both GDP and HDI

can mislead.

What about price signals?

You could counter that a fixation on GDP or HDI

should not prevent anyone from looking up prices.

You could even argue that, if natural resources really

were becoming more scarce, their prices would have

risen, and that would have signaled that all is not well.

But if prices are to reveal scarcities, markets must

function well. For many natural resources, markets

not only do not function well, but they do not even

exist (we call them missing markets). In some cases,

they do not exist because relevant economic interac-

tions take place over large distances, making the costs

of negotiation too high (e.g., the effects of upland

deforestation on downstream farming and fishing

activities); in other cases, they do not exist because

the interactions are separated by large temporal dis-

tances (e.g., the effect of carbon emission on climate

in the distant future, in a world where forward mar-

kets do not exist because future generations are not

present today to negotiate with us). Then, there are

cases (the atmosphere, aquifers, the open seas) where

the migratory nature of the resource keeps markets

from existing (they are open-access resources); while

in others, ill-specified or unprotected property rights

prevent markets from being formed (mangroves and

coral reefs), or make them function wrongly, even

when they do form (those who are displaced by

deforestation are not compensated). The side-effects

of human activities that are undertaken without mu-

tual agreement are called externalities. Our dealings

with Nature are full of externalities. The foregoing

Table 1 The progress of nations

Country/region I/Ya (%) % annual growth rate 1970–2000 DHDIc

Population
(per head)

TFPb Productive
base (per head)

GDP
(per head)

Sub-Saharan Africa –2.1 2.7 0.1 –2.9 –0.1 +
Bangladesh 7.1 2.2 0.7 0.1 1.9 +
India 9.5 2.0 0.6 0.4 3.0 +
Nepal 13.3 2.2 0.5 0.6 1.9 +
Pakistan 8.8 2.7 0.4 –0.7 2.2 +
China 22.7 1.4 3.6 7.8 7.8 +
UK 7.4 0.2 0.7 2.4 2.2 +
USA 8.9 1.1 0.2 1.0 2.0 +

Adapted from Arrow et al. 2004
a Inclusive investment as a share of GDP (average over 1970–2000)
b Total factor productivity
c Change in HDI between 1970 and 2000
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examples suggest that the externalities involving the

environment are mostly negative, implying that the

private costs of using natural resources are less than

their social costs. Being underpriced, the environment

is over-exploited. In such a situation, the economy

could enjoy growth in real GDP and improvements in

HDI for a long spell, even while its productive base

shrinks. As proposals for estimating the social scarcity

prices of natural resources remain contentious, eco-

nomic accountants ignore them and governments re-

main wary of taxing their use.

How to estimate the productive base

Economic development is sustainable if, relative to its

population, a society’s productive base does not shrink.

How can one tell whether economic development has

been sustainable? We have noted that neither GDP

nor HDI will tell us. So what index would do the job?

A society’s productive base is its institutions and cap-

ital assets. As we are interested in estimating the

change in an economy’s productive base over a period

of time, we need to know how to combine the changes

that take place in its capital stocks and in its institu-

tions. Let us keep institutions aside for the moment

and concentrate on capital assets.

Intuitively, it is clear that we have to do more than

just keep a score of capital assets (so many additional

pieces of machinery and equipment, so many more

miles of roads, so many fewer square miles of forest

cover, and so forth). An economy’s productive base

declines if the decumulation of assets is not compen-

sated for by the accumulation of other assets.

Contrariwise, the productive base expands if the

decumulation of assets is (more than) compensated by

the accumulation of other assets. The ability of an asset

to compensate for the decline in some other asset de-

pends on technological knowledge (e.g., double glazing

can substitute for central heating up to a point, but

only up to a point) and on the quantities of assets that

the economy happens to have in stock (e.g., the pro-

tection that trees provide against soil erosion depends

on the existing grass cover). Clearly though, capital

assets differ in their ability to compensate for one an-

other. Those abilities are the values we would wish to

impute to assets. We need to have estimates of those

abilities. This is where an asset’s social productivity

becomes an item of interest. By an asset’s social pro-

ductivity, we mean the net increase in social well-being

that would be enjoyed if an additional unit of that asset

were made available to the economy, all other things

being equal. Putting it another way, the social pro-

ductivity of an asset is the capitalized value of the flow

of services that an extra unit of it would provide soci-

ety. An asset’s value is simply its quantity multiplied by

its social productivity.

As we are trying to make operational sense of the

concept of sustainable development, we must include in

the term social well-being not only the well-being of

those who are present, but also of those who will be

here in the future. There are ethical theories that go

beyond a purely anthropocentric view of Nature, by

insisting that certain aspects of Nature have intrinsic

value. The concept of social well-being I am appealing

to here includes intrinsic values in its net, if required.

However, an ethical theory on its own would not be

enough to determine the social productivities of capital

assets; that is because there would be nothing for the

theory to act upon. We need descriptions of the states

of affairs too. To add a unit of a capital asset to an

economy is to perturb that economy. In order to esti-

mate the contribution of that additional unit to social

well-being, we need a description of the state of affairs

both before and after the addition has been made. In

short, measuring the social productivities of capital

assets involves both evaluation and description.

Imagine now that you have adopted a conception of

social well-being (e.g., by adding the well-beings of all

persons) and that you have an economic scenario of

the future in mind (e.g., business as usual). In principle,

you can now estimate the social productivity of every

capital asset. You can do that by estimating the con-

tribution to social well-being (the evaluative part of the

exercise) that an additional unit of each capital asset

would make, all other things being equal (the descrip-

tive part of the exercise). Economists call social pro-

ductivities of capital assets their shadow prices, to

distinguish them from prices that are observed in the

market.

Shadow prices reflect the social scarcities of capital

assets. In the world as we know it, estimating shadow

prices is a formidable problem. There are ethical val-

ues we hold that are probably impossible to commen-

surate when they come up against other values that we

also hold. This does not mean that ethical values do not

impose bounds on shadow prices; they do. Which is

why the language of shadow prices is essential if we

wish to avoid making somber pronouncements about

sustainable development that amount to saying noth-

ing. Most methods that are currently deployed to

estimate the shadow prices of ecosystem services are

crude, but deploying them is a lot better than doing

nothing to value them.

I shall call the value of an economy’s stock of capital

assets, measured in terms of their shadow prices, its

inclusive wealth. The term inclusive serves to remind us
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that not only has natural capital been included on the

list of assets, but also that externalities have been taken

into account in valuing the assets. Inclusive wealth is

the sum of the values of all capital assets. It is a

number, expressed, say, in international dollars.

If we now wish to determine whether a country’s

economic development has been sustainable over a

period of time, we have to estimate the changes that

took place over that period in its inclusive wealth and

its institutions—relative to the population of course.

Changes in knowledge and institutions over time are

reflected in changes in what economists call an econ-

omy’s total factor productivity (TFP). Economists have

shown how to estimate movements in an economy’s

TFP from macroeconomic data. So we break up the

procedure for estimating changes in an economy’s

productive base relative to population during any

period of time into five stages:

– First, estimate the value of changes in the amounts

and compositions of manufactured capital, human

capital, and natural capital, which I shall call

inclusive investment. (If inclusive investment is found

to be positive, we may conclude that manufactured

capital, human capital, and natural capital, taken

together, grew over the period.)

– Second, estimate the change in TFP.

– Third, transform the two figures in a way that

enables us to calculate the effects of the two sets of

changes on the productive base.

– Fourth, combine the two resulting estimates into a

single number that can be taken to reflect the change

that took place in the economy’s productive base.

– Fifth, make a correction for demographic changes to

arrive at an estimate for the change that took place

in the economy’s productive base relative to popu-

lation.

I have so worded the five steps that they apply to a

study of the past. But, of course, the five steps can be

applied with equal validity to forecasts of the future.

The procedure outlined here is essential for anyone

who wants to know whether the economic pathways we

are currently pursuing can be expected to lead to sus-

tainable development.

Sustainable development: application

Hamilton and Clemens (1999) have estimated inclusive

investment over the past three decades in a large

number of countries. They have done that by adding

net investment in human capital to existing country-

wide estimates of investment in manufactured capital,

and then subtracting disinvestments in natural capital

from that sum. (That’s step 1 above.) The authors used

official estimates of net national saving as proxies for

net investment in manufactured capital. For estimates

of investment in human capital, they used expenditure

on education as a proxy. To quantify disinvestments in

natural capital, they considered net changes in the

stocks of commercial forests, oil and minerals, and the

quality of the atmosphere in terms of its carbon dioxide

content. Oil and minerals were valued at their market

prices minus extraction costs. The shadow price of

global carbon emission into the atmosphere is the

damage caused by bringing about climate change. That

damage was taken to be $20 per ton, which is, in all

probability, a serious underestimate. Forests were

valued in terms of their market price minus logging

costs. Contributions of forests to ecosystem functions

were ignored.

The list of natural resources in Hamilton and

Clemens (1999) is very incomplete. It does not include

water resources, fisheries, air and water pollutants, soil,

and ecosystems. The notion of human capital that they

deployed is inadequate because health does not enter

the calculus. And their estimates of shadow prices are

very very approximate. Nevertheless, one has to start

somewhere, and theirs a first pass at what is an enor-

mously messy enterprise. In an earlier study (Dasgupta

2001), I used the Hamilton–Clemens estimates of

inclusive investment to determine whether economic

development in some of the major countries and re-

gions in the rich and poor worlds has been sustainable

in recent decades. What I want to do here is to adapt

figures published recently by a group of ecologists and

economists (Arrow et al. 2004), who refined my earlier

estimates. Table 1 reports data that are, in turn, a

refinement of Arrow et al. (2004). These data form a

crude beginning to the study of sustainable develop-

ment, but they are a start, and they reflect progress.

Has economic development in recent decades

been sustainable?

The places in question are sub-Saharan Africa,

Bangladesh, India, Nepal, and Pakistan (all poor

countries); China (a middle-income country); and UK

and US (both rich countries). The period under study is

1970–2000. The first column of numbers in the

accompanying table consists of refinements of the

Hamilton–Clemens estimates of average inclusive

investment as a proportion of GDP, expressed as per-

centages (step 1). The second column gives the average

annual population growth rate. The third column gives

estimates of annual growth rates of TFP, which we are
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interpreting here as the annual percentage rate of

change in a combined index of knowledge and insti-

tutions (that is, step 2). I have used the figures in the

first three columns to arrive at estimates of the annual

percentage rate of change in the productive base per

capita (which involves a combination of steps 3–5).

They are given in the fourth column.

Before summarizing the findings, it will be useful to

get a feel for what the numbers in the table are telling

us. Consider Pakistan. During 1970–2000, inclusive

investment as a proportion of GDP was 8.8% annually.

TFP increased at an annual rate of 0.4%. As both fig-

ures are positive, we can conclude that Pakistan’s

productive base was larger in year 2000 than it had

been in 1970. But take a look at Pakistan’s population,

which grew at a high 2.7% rate annually. The fourth

column shows that Pakistan’s productive base per

capita declined in consequence, at an annual rate of

0.7%, implying that, in year 2000, it was about 80% of

what it was in 1970.

In contrast, consider the US. Inclusive investment as

a share of GDP was 8.9% a year, which is only a tiny

bit larger than Pakistan’s figure. Growth in TFP (an

annual 0.2%) was even lower than Pakistan’s. But the

population grew at only 1.1% a year, meaning that the

productive base per capita of the US grew at an aver-

age annual rate of 1%. Economic development in

the US was sustainable during 1970–2000, while in

Pakistan, it was unsustainable.

Interestingly, if you had judged their economic

performances in terms of growth in GDP per capita,

you would have obtained a different picture. As the

fifth column of Table 1 shows, Pakistan grew at a

respectable 2.2% rate a year, while the US grew at only

1.1% a year. If you now look at the sixth column, you

will find that the United Nations’ Human Develop-

ment Index (HDI) for Pakistan improved during the

period. Movements in HDI tell us nothing about sus-

tainable development.

The striking message of the table, however, is that

during 1970–2000, economic development in all of the

poor countries on our list was either unsustainable or

barely sustainable. To be sure, sub-Saharan Africa of-

fers no surprises. Its inclusive investment was negative,

implying that the region disinvested in manufactured,

human, and natural capital, taken together, at 2.1% of

GDP. The population grew at 2.7% a year and TFP

barely advanced (annual growth rate 0.1%). Even

without performing any calculation, we should suspect

that the productive base per capita in sub-Saharan

Africa declined. The table confirms that it did, at 2.9%

annually. If you now look at the fifth column of num-

bers, you will discover that the GDP per capita in sub-

Saharan Africa remained pretty much constant. But

the region’s HDI showed an improvement—confirm-

ing, once again, that studying movements in HDI en-

ables us to say nothing about sustainable development.

Pakistan is the worst performer in the Indian sub-

continent, but the remaining countries in the region

just barely made it when judged in terms of sustainable

development. Inclusive investment in each country

(Bangladesh, India, and Nepal) was positive, as was

growth in TFP. The two together imply that the pro-

ductive base expanded in each country. But population

growth was so high, that the productive base per capita

just about grew—at annual percentage rates of 0.1%,

0.4%, and 0.6%, respectively. Even these figures are

most likely to be overestimates. The list of items that

Hamilton and Clemens used in order to estimate

inclusive investment did not include soil erosion and

urban pollution, both of which are thought to be

problematic in the Indian sub-continent by experts.

Moreover, the human desire to reduce risk, as men-

tioned earlier, implies that the downside risks of nat-

ural capital degradation ought to be given a higher

weight than a corresponding chance that things will

turn out to be better than expected. So, if we allow for

risk aversion, estimates of inclusive investment would

be lowered. One cannot help suspecting that economic

development in the Indian sub-continent was unsus-

tainable during 1970–2000, but you would not know

that from the figures for GDP per capita and HDI

there. The former grew in each country in the region

and the latter improved.

Inclusive investment in China was 22.7% of

GDP—a very large figure in the sample of countries in

the table. Growth in TFP was a high 3.6% annually.

The population grew at a relatively low 1.4% annual

rate. We should not be surprised that China’s produc-

tive base per capita expanded—as it happens, at 7.8%

annually. Per capita GDP also grew at an annual rate

of 7.8%, and HDI improved. In China, GDP per cap-

ita, HDI, and the productive base per head moved

parallel to one another.

There is little to comment on the UK and the US.

Both are rich, mature economies. Inclusive investment

during 1970–2000 was modest, but then so was low

population growth. Growth in TFP was low. Although

the figures imply that the productive base per capita

expanded in both countries, we should be circumspect

because, as noted earlier, Hamilton and Clemens cos-

ted carbon emissions at too low a rate. GDP per capita

increased in both countries and HDI improved there.

The figures we have just studied are all rough and

ready, but they show how accounting for natural cap-

ital can make a substantial difference to our conception
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of the development process. In Table 1, I have delib-

erately made conservative assumptions regarding the

degradation of natural capital. For example, a price of

$20 per ton of carbon in the atmosphere is almost

certainly a good deal below its true shadow price (or

cost). If we were instead to take the shadow price to be

the not unreasonable figure of $50 per ton, all of the

countries in Table 1, with the exception of China,

would show a decline in their productive base per

capita during 1970–2000. The message is sobering: over

the past three decades, sub-Saharan Africa (home to

750 million people today) has become poorer if judged

in terms of its productive base per capita; and eco-

nomic development in the Indian sub-continent (home

to over 1.4 billion people today) and in the UK and the

US was either unsustainable or just barely sustainable.

That said, it would be wrong to conclude that people in

poor countries should have invested more in their

productive base by consuming less. The production and

distribution of goods and services in the poor world are

highly inefficient. It would be wrong to regard con-

sumption and investment in the productive base there

as competing for a fixed quantity of funds. Better

institutions would enable people in the poor world to

both consume more and invest more (inclusively, of

course!).

What have we learnt?

When contemporary economists neglect to include

ecological concerns in their analysis, the fault lies not

in modern economics, but in my tribe. In this article, I

have tried to show you that ecological truths can be

introduced without fuss into economic reasoning. I

have reported work carried out by a small group of

ecologists and economists who have developed the

correct way to study economic progress—whether the

study is for descriptive or for prescriptive purposes.

The macroeconomic history of nations looks very

different when Nature is included as a capital asset in

production activities. The tentative conclusions I draw

from the evidence from a sample of rich and poor

nations are:

1. High population growth in the world’s poorest re-

gions (South Asia and sub-Saharan Africa) has

been an obstacle to the achievement of sustainable

economic development there. There are good

reasons for believing that people in those regions

are, on average, less wealthy now than they were

35 years ago.

Relatedly:

2. When population growth is taken into account, the

accumulation of manufactured capital, knowledge,

and human capital (health and education) has not

compensated for the degradation of natural capital

in South Asia and sub-Saharan Africa and, in all

probability, even in the UK and the US.

3. China is possibly an exception to (1) and (2).

These conclusions are very tentative and there is

much further work to be done in understanding eco-

nomic change. It is high time that growth economists,

demographers, governments, and international agen-

cies took Nature seriously.
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