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1 INTRODUCTION

Voltaire said that the English had a single sauce but many religions.
The environmental movement, we might say, is a single religion with
many sauces. The sauce de jour, however, is the concept of sustain-
able growth, popularized by the Brundtiand Commission, which wrote:

Nature is bountiful, but it is also fragile and finely balanced. There
are thresholds that cannot be crossed without endangering the basic
integrity of the system. Today we are close to many of these thres-
holds;, we must be ever mindful of the risk of endangering the sur-
vival of life on Earth.'

Many environmentalists believe that humanity is using up its natu-
ral endowments too rapidly. The natural endowments include appro-
priated non-renewable natural resources like energy resources, non-fuel
minerals, and soils; appropriated renewable resources like forests and
aquifers; and vital environmental resources like clean air and water,
the stock of genetic material, and our present climate. The dangers
range from mundane ones of mungy wastes to the more ominous ones
of economic decline or even climatic apocalypse.

In response to the threats of premature exhaustion of our natural
endowments, there has been a call to ensure ‘sustainable growth’. This
catchphrase has been endorsed by United Nations commissions® and
by the World Bank.’

This paper is an inquiry into the significance of the concept of
sustainable growth, applying this to the United States. At one level,
sustainable growth is a commonsense reminder that we must take into
account the long-run consequences of today’s activities, that we must
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310 Sustainable Growth in the Long Run

not rcb the future to benefit the present. In some writings, however,
this concept has been interpreted in a manner that implies preservation
of the existing environment and the need to slow or reverse economic
growth. Section 2 of this paper examines the concept of sustainability
as it has often been interpreted by ecological economists.*

The issue of sustainable growth revolves around intertemporal choice.
At the most fundamental level, it involves three questions: the opti-
mal overall level of investment in an economy, the optimal distribu-
tion of that investment (including areas involving disinvestment) across
sectors, and the optimal distribution of consumption across space and
across generations. Since these sound very much like traditional questions
from economic growth theory, it is not surprising that economists
have devoted considerable effort to studying the three underlying ques-
tions. To analyze these issues requires a notion of the objective func-
tion that economic growth should follow — a desideratum that would
make a particular policy indeed ‘optimal’ — and in these pursuits econ-
omists typically rely upon the ‘Ramsey model’, in which the desir-
ability of a path depends only on the discounted value of the utility
of consumption.’

2 THE SUSTAINABILITY CRITIQUE: ORIGINS

In the last few years, environmentalists have rallied around the flag
of sustainable development. The term gained prominence with the re-
port of the Brundtland Commission, chaired by Gro Harlem Brundtliand,
former Prime Minister of Norway. This report, issued by the World
Commission on Environment and Development, argued for designing
policies to be sustainable, where sustainable development was defined
as ‘development that meets the needs of the present without compro-
mising the ability of future generations to meet their own needs’.®
The interpretation of this simple phrase has tested the creative ex-
egesis of an army of analysts, and some of the interpretations chal-
lenge modern approaches to economic growth. A literal reading of
the Brundtland definition just given would seem to be an endorsement
of the Pareto criterion that this generation should meet the needs of the
present as long as there is no reduction in the ability to meet the needs
of the future. Unfortunately, while few would quarrel with the desir-
ability of satisfying the Pareto criterion, it leaves an infinity of paths
to choose from and it does not answer any of the dilemmas involved in
choosing among the multitude of intertemporal growth paths.
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2.1 The Rawlsean Interpretation

A common interpretation of unsustainability is as a decline in con-
sumption; hence, sustainable growth policies are ones that leave fu-
ture generations with a non-declining consumption path. This approach
is generally inconsistent with the mainstream approach to economic
growth in which a declining path would only be optimal in the face
of declining endowments or technological regress.

The mainstream and sustainability approaches can be reconciled if
we assume that society is extremely averse to intergenerational in-
equality, or if the coefficient of inequality aversion is extremely high.
In the limit, as the coefficient of inequality aversion approaches infinity,
the intertemporal social welfare function becomes indistinguishable from
John Rawls’s difference principle, in which ‘economic inequalities are
to be arranged so that they are ... to the greatest benefit of the least
advantaged’.” In the Rawlsean limit, consumption paths are constant if
the technology is regressing, or society should be dissaving if tech-
nology is advancing,

The environmental application of the sustainability criterion did not,
however, follow the Rawlsean limit of utility theory. Rather, the ma-
jor line of analysis was to define sustainability in terms of non-declin-
ing consumption. This approach is clearly laid out in the thoughtful
writings of David Pearce and his colleagues.® Pearce et al. first define
development in terms of a vector D of social goals, where the el-
ements of the vector include real per capita income, health and nutri-
tion, education, access to resources, a ‘fair’ income distribution, and
basic freedoms. The key definition is that ‘sustainable development is
then a situation in which the development vector D does not decrease
over time’.*

This looks reasonable at first blush, but the complications prolifer-
ate on further refiection. All of the complications arise because the
sustainability criterion reifies a particular objective (the non-declining
development vector) and demotes all other objectives below that one.

Components of Sustainability

The first issue is whether sustainability applies to all elements of the
vector or to some appropriate utility index over the vector. This re-
duces to the familiar issues as to whether the social welfare function
allows tradeoffs between, say, education and health, or whether some
elements of the development vector are sacred and inviolable. Many
people would hold certain basic freedoms to be sacrosanct, while a
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biocentric viewpoint might hold the existence of major species to be
beyond economic tradeoffs. Putting a firm constraint on some elements
of the development vector would definitely constrain economic ac-
tivity. -For example, if an envirocentric view held that we must be-
queath the present climate to the next generation, this would lead, I
believe, to economic upheaval and political revolution. All this leads
me to assume that the elements of the development vector must be
substitutes, so that, for example, we will at least contemplate substi-
tuting per capita income for better health or access to resources for
basic freedoms.

Distribution of QOL

Say that we have constructed a secial utility index which is an accepi-
able utility function over the development vector — call it quality of
life, denoted by QOL{D). The sustainability requirement is that QOL(D)
be non-decreasing over time. But we must also take into account in-
dividuality. To simplify, one would be tempted to create a social welfare
function of the individual QOLs, so that our social objective would
be WIQOL', ..., QOL"] for the n individuals.

But, as a second issue, we must consider whether the non-sustainability
question applies to each individual person, everywhere and always.
Even in the best of all conceivable worlds, somecne will fall ill, some-
one’s income will fall, someone will be unjustly refused an educa-
tion, and someone will be unfairly incarcerated. So, to be operational,
we must decide whether the sustainability criterion applies ex ante or
ex post, for the average or the median or the 99.99th-percentile per-
son, or for what. Once this is decided, are we sure that making the
QOL index sustainable for the last person is worth making a very
large number of people worse off? The difficulties of ensuring
sustainability for each person are analytically identical to the difficul-
ties of applying the Rawlsean difference principle over time.

Uncertainty

A third issue concemns the treatment of uncertainty. Say that we have
agreed upon a social welfare function, W[QOL', . . ., QOL"], by which
to measure whether a path is sustainable. But can we really know for
sure? We are unsure about the exact trajectory of QOL. Perhaps cli-
mate change will be catastrophic, or perhaps it will head off a new
ice age. Perhaps cold fusion will make energy too cheap to meter, or
perhaps no clean non-fossil technology will be economical. Perhaps
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human populations will continue to grow rapidly, or perhaps babies
will become everywhere unfashionable. Perhaps human ingenuity will
rescue us from our various constraints, or perhaps technology will
stagnate,

The point is that we do not know anything that would meet the
sustainability condition with certainty. This then raises a third prob-
lem, which is how to treat the potential of unsustainability. The
sustainability criterion appears to hold that we would prefer a cer-
tainty of non-declining utility to a robust growth in utility plus a very
tiny chance of a small decline in utility. How would we decide be-
tween path A, which had a 99 per cent probability of sustainability
and a 1 per cent chance of extinction, and path B, which had a 95 per
cent probability of sustainability and zero chance of extinction?

The point is that humanity faces many lotteries, not just ‘sustain-
able’ and ‘unsustainable’ ones. There are nasty sustainable paths, un-
pleasant unsustainable paths, and catastrophic unsustainable ones, and
we surely would not be indifferent between them. To maximize the
probability of sustainability might well give a high probability of ex-
tinction; this hardly seems a sensible outcome.

Reflection upon the issues of uncertainty will probably lead us to
the conclusion that some sustainable paths are better than others and
similarly for unsustainable ones. We would be silly to group paths
into one pile labelled +1 for sustainable and another into —1 for
unsustainable, for that approach would run into all the quandaries raised
above. Rather, we would probably end up placing a consistent, con-
tinuous, and transitive ranking on different time paths for QOL. In-
deed, we would soon find ourselves choosing among paths according
to the expected utility approach, that is, maximizing the expected value
of our QOL ranking of different paths.

The point of this analysis of the meaning of sustainability is to
sugpest that defining sustainability as non-declining consumption rns
into the same issues that a Rawlsean approach would involve. At-
tempting to resolve these difficulties seems to lead to a compromise
approach that has many of the features of the mainstream utilitarian
approach. The compromise approach quacks like the utilitarian ap-
proach in aggregating different elements, it flies like the utilitarian
approach in treatment of inequality, and it swims like the utilitarian
approach in the treatment of uncertainty, so it is hard to see how the
concept of sustainable growth adds significantly to our understanding
of how to resolve the dilemmas of intergenerational equity.
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2.2 The Hicksian Interpretation

If the concept of non-declining consumption paths is not a useful
supplement to existing concepts, a second approach is potentially more
useful. In their fascinating book on ecological economics, Herman
Daly and John Cobb (see note 4} propose substituting the concept of
‘Hicksian income’ for GNP as a measure of sustainability.

Their approach is to ask for an operational definition of sustainability.
They point to the definition of income by Hicks in Value and Capi-
tal; ‘The purpose of income calculations in practical affairs is 1o give
people an indication of the amount which they can consume without
impoverishing themselves.’*® Hicks then goes on to spell out a number
of different approaches and ends with ‘Income No. 1’ as follows:

Income No. 1 is thus the maximum amount which can be spent
during a period if there is to be an expectation of maintaining in-
tact the capital value of prospective returns...; it equals Consump-
tion plus Capital accumulation."

This definition of income - the maximum rate of consumption which
leaves capital intact — is the central definition of Daly and Cobb as
well as a number of other environmental critics and ecological econ-
omists.'? In practice, this means that income equals consumption plus
capital accurnulation. Daly and Cobb and others have used the Hicksian
definition to estimate sustainable income by taking consumption, adding
capital accumulation, and subtracting an estimate of resource and en-
vironmenial degradation.

In the discussion that follows, there are two separate issues that
arise in the application of the concept of Hicksian income to
sustainability at the national or global level. First is the difference
between private and social income; the second is the issue of how to
define the stocks of capital that should be left intact and how to es-
timate the value of stock changes.

{a) The Definition of Social Income

The fundamental question is whether this interpretation of income {that
is, Hicks’s ‘Income No. 1') is a useful approach for the valuation of
social income as opposed to individual income. I would like to sug-
gest in this section that the concept of ‘keeping capital intact’ is at



Nordhaus: Sustainable Economic Growth 315

best treacherous and at worst inappropriate as a measure of social
income.

To begin with, it must be noted that the underlying definition in
Hicks is quite different from that cited by Daly and Cobb above. In-
come No. 1 is a rechnique for measuring income, but the more funda-
mental definition is actually in Hicks's Income No. 3:

Income No. 3 must be defined as the maximum amount of money
which the individual can spend this week, and still expect to be
able to spend the same amount in real terms in each ensuing week.'

In other words, real income is the largest constant real consumption
annuity that can be generated by the current and future technology
and stocks of capital, labour, and resources. Ignoring a number of
technical issues," Income No. 3 comes closest to a theoretically ap-
propriate definition of income as the maximum sustainable level of
consumption, so perhaps we can call Hicks the father of sustainable
growth theory. In what follows, we call Hicks’s Income No. 3 the
‘consumption annuity’ definition of income to distinguish it from
Income No. I, which is the ‘capital intact’ definition of income.

In analyzing various concepts of sustainable growth in a modern
context, ecological and environmental economists have pursued the
capital-intact over the consumption-annuity approach, often citing Hicks
as the justification. While in certain circumstances the definition may
be sensible, in practice it is defective.

First, the ecological interpretation of capital in the ‘capital intact’
definition has generally been too restrictive in including only capital
assets. In Hicks, the meaning of ‘capital’ is as ‘the capitalized value
of the individual's prospective receipts’.'® For the individual, this would
contain not only the value of assets but the present value of labour
income as well. By excluding human capital, 75 per cent of receipts
are excluded. More important, in a society with technological change,
the growth in productivity will be omitted from the calculation of
capital and the value of income will be understated. Hence, the eco-
logical implementation of Hicksian income has a downward bias be-
cause of the erroneous definition of capital. We return to this issue
in the next section.

Second, it is not generally appropriate to identify social income
with individual income. The consumption annuity definition of in-
come is not a sensible definition of income for finite-lifetime agents;
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it would imply that, for the last period of a consumer’s lifetime, in-
come equals wealth. Rather, the consumption annuity definition ap-
plies to what are (in principle) infinitely lived entities like societies or
universities; indeed, the consumption annuity is the definition of in-
come from endowment that universities often apply when they have
no time preference. In addition, note that while individuals can use
the (real) market prices of assets to measure accurately their consump-
tion annuities, a nation's net worth does not translate into its assets
for the purpose of calculating a consumption annuity.

A simple growth model will demonstrate these points. Assume that
L{t) and K{(t) are the stocks of labour and capital, ¥(t) is the fiow of
gross output, which can be divided between consumption and hom-
ogenous capital. Ift) is gross investment, which equals s¥(t), while
D(t) = 8K(t) is the death of capital. Labour is exogenously growing at
rate n, and there is labour-augmenting technological change at rate h.
Examine the balanced-growth (or -decline) path. The economy is in
steady-state with a growth (or decline) rate of output, capital, and
augmented labour fe”L(t)] of g = n + h and a constant real interest
rate of r(t) = r¥,

Under the intact-capital definition of income (Hicks’s Income No. 1,
or I'), income at time ¢ is equal to

I'(ty = C() + K(»y ~ 8K(¢) (b

which is the standard definition of net national product. The con-
sumption-annuity definition of income (Hicks's Income No. J,or )
is generally more complicated, although in the steady state it becomes
simple. Conceptually, () is given by

(1) = {max C* such that C(s) > C* for all 1} (2)

From an accounting point of view, we would define social wealth,
Wit), as the present value of consumption:

W) = C@)(r* — n - h). (3)

With constant real interest rates or in a small open economy, this
implies that the consumption annuity is given by

() = r*C()I(r* = n - h). 4)
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Figure 12.1 Alternative concepts of social income

Note: c, and y, are current consumption and net national output. Because
of technological change, annuity consumption, c*, is larger than net national
output.

Note, however, that this will generally differ from the capital-intact
definition if there is technological change. In general, in steady state
the two definitions will be identical ['(t) = (1)} only when

C\) + I@) — 8K(2) = r*C(0/(r* — n - h) 5

For simplicity assume that labour is constant. In the absence of tech-
nological change, consumption equals net national product (NNP) and
the two definitions of income are identical. With technological change,
however, national wealth is larger than the capital stock, so F(t} will
be greater than /'(¢). The point is shown graphically in the Fisher dia-
gram in Figure 12.1. This shows a country’s consumption-possibility
curve. The highest sustainable consumption (c*) exceeds current net
national product (y;) and current consumption (c,) because of techno-
logical change.
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This discussion shows the dilemma for the measurement of income.
In a stationary economy, where production possibilities are not changing,
both the intact-capital and the consumption-annuity definitions of social
income give the same answer, which is NNP. However, in the pres-
ence of technological change, the consumption annuity will be higher
than today’s NNP; in effect, society’s capital should include in its
capital measure the growth of its ‘knowledge capital’, which is im-
proving over time and is understated in the value of physical capital
in conventional output measures.'® In the literature on augmented ac-
counts, there is a vast army of analysts involved in estimating the
value of external diseconomies with hardly a squad conceming them-
selves with external economies, which after all have dominated econ-
omic growth for the last two centuries.

(b) The Definition of Capital

Among the different definitions of income, ecological and environ-
mental economists have universally chosen Hicks's Income No, |,
and this approach seems to have been adopted by the United Nations."?
A careful statement is made by Daly and Cobb in their theoretical
justification of their numerical calculations:

Two adjustments to NNP are necessary to arrive at a good approxi-
mation to Hicksian income ... One adjustment is a straightforward
extension of the principle of depreciation to cover consumption of
natural capital stocks depleted as a consequence of production. The
other is to subtract defensive (regrettably necessary) expenditures
made to defend ourselves from the unwanted side effects of grow-
ing aggregate production and consumption.'®

Pearce, Barbier and Markandya take a more radical stance:

We now consider a key necessary condition for achieving sustain-
able development.... We summarize the key necessary condition
as ‘constancy of the natural capital stock’. More strictly, the re-
quirement is for non-negative change in the stock of natural re-
sources and environmental quality.'®

The identification of a sustainable growth path with non-declining
capital has three major shortcomings. First, as was shown in the last
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section, a declining capital path can be rigorously associated with a
declining consumption path only when technology is stationary. There
is no indication that ecological or environmental economists hold that
technological change is unlikely, although they may be sceptical of
the ability of technological change to remove all environmental, re-
source, and ecological problems. But unless we believe that the In-
dustrial Revolution has completely run out of steam, non-declining
capital is not in fact identical with non-declining consumption possi-
bilities.

A second and related feature of the ecological focus is the exag-
geration of the importance of natural capital and the belittling of re-
producible, human, technological, and scientific capital. Much is made
of the depletion of stocks of oil and gas, for example, which are by
far the most important appropriable, depletable natural resources. It is
instructive to compare an estimate of the depletion of resources with
tangible investment. An estimate of the appropriate amount necessary
to correct for the depletion of subsoil assets (oil, gas, etc.) find that
the correction is less than 1 per cent of the capital accumulation in
tangible capital alone,®

The third point concemns the claim in Pearce er al. quoted above
that the capital-intact definition should apply to ‘natural capital' as
well as to total capital. This assertion opens up the treacherous area
of measuring income with heterogeneous capital, and we will make
but a few comments on the assertion. To begin with, the authors rec-
ognize in other writings that the capital-intact criterion strictly applies
to all tangible capital and not only to natural capital. They argue,
however, that natural capital has in essence a higher claim. They reason
that the actual natural capital stocks are lower than the optimal stocks
in many countries (such as the Sahel). This is a factual issue, and
surely is often correct, but it does not lead to the theoretical conclusion.

Next, they argue that natural capital stocks are generally undervalued,
where this presumably applies to the market valuation of unappropriated
(e.g.. environmental) resources. While the statement may be techni-
cally correct in that there are no markets, and no estimates in most
national accounts, for environmental resources, it is misleading as a
prescription for policy. The fact that the market valuation of clean air
is erroneous does not necessarily imply that the level of, say, sulphur
abatement is too low. This would depend upon the regulatory regime;
indeed, some would argue that for many conventional pollutants, the
control levels are inefficiently high and that the ‘optimal’ policy would
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be to reduce the ‘natural capital’ of non-sulphurous air. Moreover, in
some areas, maintaining natural capital might be prohibitively expen-
sive; my estimates suggest that maintaining the present climate would
at best require devoting at least 10 per cent of global income to emis-
sions reductions and at worst is infeasible.

In addition, in arguing for the need to maintain natural capital in-
tact, ecological economists point to the existence of risks, uncertainties,
and irreversibilities in natural capital, But surely these features are
intrinsic to the investment process. Investments in natural capital such
as tree farming hardly seem more irreversible than R&D investments
in nuclear power or nuclear weapons; oil drilling is less risky than
designing a new jumbo jet; and building new sewage planis seems
humdrum compared to running an automobile factory in Russia, Natural
capital has no natural monopoly on risk and irreversibility.

Finally, ecological economists sometimes argue that natural capital
is ‘essential” in the sense that its depletion would pose grave threats
to society or life itself. Things do become genuinely more difficult in
the case of essential and scarce natural capital. I have elsewhere examined
optimal economic policy in the case of an essential and depletable
natural resource.”' Ironically, the sustainability paradigm has particu-
lar difficulty dealing with situations where a society has a finite stock
of an essential resource and must allocate it over time. In such a
situation the criterion of maintaining capital intact is unatiractive be-
cause the only sustainable (capital-intact) path is immediate and per-
manent starvation. A more attractive path would be one in which the
resource is gradually reduced as the stocks run down while society
hunkers down to await a rescue from a technological breakthrough,

3 MEASUREMENT OF SUSTAINABLE INCOME

Like medieval religious disputations, many of the debates about sus-
tainable growth appear to be abstract and without any obvious impli-
cations for economic policy. From time to time, however, economists
have attempted to measure sustainable income as a way of determin-
ing whether our ‘real’ incomes are actually rising. Two decades ago,
Jim Tobin and I constructed a Measure of Sustainable Economic Welfare,
or MEW, for the United States.? From this exercise, we concluded
that a measure of per capita income that is broader and more satisfac-
tory had shown growth over the period 1929-63, albeit at a slower
rate than did per capita NNP. Since then, there has been little enthusi-
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asm for constructing broader national accounts in the United States,
particularly in the US government, which has made essentially no
contribution to this field. The exception has been the outstanding work
of Robert Eisner in his development of TISA, or a Total Incomes
System of Accounts.” Outside the US, both international organiza-
tions and the national governments of Norway, Germany, Japan, and
France have developed augmented national accounts as a way of rem-
edying the defects of existing national accounting conventions.

The most ambitious and comprehensive attempts to broaden the
national accounts have been made by ecological economists, particu-
larly Robert Repetto, Henry Peskin, and in the work of Daly and Cobb.
The latter have produced a measure they call ISEW, or the Index of
Sustainable Economic Welfare, which is an attempt to use a modified
version of Hicks’s Income No. I. Although Daly and Cobb do not
give a precise definition of their ISEW, it attempts to present an im-
proved measure of social income based on the notion of sustainability.
The basic scheme is similar to that of MEW: they begin with conven-
tional measures of consumption, make additions for imputed items,
and make subtractions for intermediate goods, regrettable necessities,
and environmental degradation and other noisome features of medern
life.

In work under way, 1 have attempted to compare different measures
of national product and sustainable national income for the United
States, taking into account some of the thoughts laid out in the first
part of this study. Table 12.1 shows the preliminary results of this
exercise, In that table, 1 have broken down the growth of the five
major concepts of income — Gross National Product, Net National
Product, Nordhaus and Tobin's Measure of Economic Welfare, Cobb
and Daly's Index of Sustainable Welfare, Eisner's TISA, and a measure
that follows the principles of Hicks's Income No. 1. The first group
of numbers shows the estimates for the total while the second group
shows the per capita estimates.

According to this calculation, Hicks’s Income No. 1 appears to show
roughly the same growth rates as do GNP or NNP, although growth
was higher than GNP or NNP in the earlier period and slower in the
later period. The reason for this result is that the corrections to GNP
tend to wash out for the conversion of capital expenditures to capital
services and that the environmental corrections are small relative to
overall economic activity.

In addition, the growth of Hicks’s Income No. 1 shows a more
marked slowdown than do either GNP or NNP in the second part of
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Table 12.1 Comparison of growth rates of different income concepts,
United States, 1950-86

: Growth
Income concept 1950-65 1965-86 slowdown
Total Income Growth
Index of Sustainable Economic Welfare
{ISEW) 3.81 1.02 -2.79
Measure of Economic Welfare (MEW) 2.07 na na
Hicks Income No, | 4.41 2.35 -2.06
GNP 3.75 3.05 -0.70
NNP 3.69 2.93 -0.77
TISA 319 2.05 -1.14
Population growth 1.63 1.05 -0.58
Per Capita Income Growth
Index of Sustainable Economic Welfare
(ISEW) 2.15 -0.03 -2.18
Measure of Economic Welfare (MEW)} 0.43 na na
Hicks Income No. 1 2.74 1.29 -1.45
GNP 2.09 1.98 -0.11
NNP 2.03 1.85 —0.17
TISA 1.54 0.98 -0.55

Note: TISA from Eisner (1989). The second period is 1965-81.

the period. By contrast, the slowdown in TISA growth is more mod-
est than Hicksian income while ISEW slows extremely dramatically.
For the second half of the period, the growth of Hicks's Income No. 1
per capita is about one-third less than either GNP or NNP.

It is useful to understand the reason for the deceleration in Hicks’s
No. 1 in the period since 1965. An examination of the major compo-
nents of Hicks's Income No. 1 shows that the decline stems from a
decline in the capital components rather than the environmental com-
ponents. Changes in spending on consumer durables and the services
of consumer durables, along with the net foreign dissaving, are the
major components of the declining growth in income. The environ-
mental and depletion components just about wash out, as the rewards
from the nation’s environmental investments reduce the damages about
as much as the estimated disamenities increase it.

Clearly, this exercise is but a tentative attempt to put the concepts
underlying sustainable growth on a quantitative plane. They suggest
that the major source of decline in economic welfare for the United
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States comes from conventional sources like declining productivity
growth and dwindling saving rather than from the unsustainable use
of our natural and human resources.

4 CONCLUSIONS

This paper has examined the concept of sustainable growth from both
a theoretical and an empirical point of view. What are the conclusions?
First, although the concept of sustainable growth has a superficial
attractiveness — akin to the adage reminding ourselves not to eat all
our capital or foul our nests — it contributes little new to mainstream
approaches to intertemporal choice. The notion of a non-declining
consumption path would seem to encounter all the paradoxes of
Rawlsean and lexicographic preferences. Internal contradictions arise
because a dichotomous evaluation into sustainable or unsustainable
paths has difficulty handling issues of multiple criteria among the
objectives, the distribution of unsustainability, and uncertainty.

Second, as applied by ecological economists, sustainability has
often been interpreted as keeping capital (especially natural capital)
intact. While this definition is useful for individuals, it is an inappro-
priate definition of social income except in a stationary economy.
Moreover, the emphasis on maintaining natural capital has no general
economic or ethical claim over human or reproducible capital.

Third, as an empirical matter, a tentative examination of a number
of different concepts of income for the United States suggests that
national-output growth has been overstated in the official national
accounts. A new measure of national income — Hicksian Income No.
1 — shows significantly lower growth of income per capita than do
either GNP or NNP. Moreover, the growth of augmented income per
capita has slowed sharply over the postwar period. However, a de-
composition of the growth slowdown finds that slow growth in pri-
vate tangible capital along with foreign disinvestment are the chief
sources of the slowdown in growth and that environmental correc-
tions account for very little of the change in the rate of growth.

Is growth sustainable? Over the longer run, the answer to this ques-
tion will depend upon the adequacy of our investment in human capi-
tal, knowledge, tangible capital, and to a lesser degree in natural and
environmental capital. The shame of the current generation in America
is, contrary to much popular opinion, that it has probably overinvested
in seductive areas like pollution control, farmland protection, and military
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R&D while underinvesting in dull areas like training, equipment, and
applied research. This investment sirategy is long in plants and mor-

tars

and short in plant and brainpower.
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B N -

— DD O
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12.

13,

. World Commission (1987), pp. 32ff.

. World Commission (1987).

. World Commission (1987).

. ‘Ecological economists’ refers to a set of views at the intersection of

ecology, economics and the environmental movement, see especially Daly
and Cobb (1989).

. Solow (1970), pp. 79-81.

World Commission (1987) p. 43.

. Rawls {(1971) p. 83.

. See especially Pearce, Barbier and Markandya (1990).

. Pearce, Barbier and Markandya (1990} p. 3.

. Hicks (1948) p. 172.

. Hicks (1948), pp. 173, 178. This discussion ignores the subtlety of Hicks’s

discussion of price changes, interest vate effecis, the difference between
ex ante and ex post capital and a number of other factors.

A more detailed discussion and application is presented in UN Statisti-
cal Office (1990).

Hicks (1948) p. 175.

. Among the problems that still remain in this definition are index-number

problems relating to the valuation of different consumption goods and
the treatment of consumer durables and of uncertainty. Many of these
complexities were considered by Samuelson (1961) in the Corfu confer-
ence volume that inspired the Varenna conference.

. Hicks (1948), p. 172.
. Weitzman (1976) has shown rigorously that NNP is the appropriate defi-

nition of social capital to include the value of all stocks of capital (in-
cluding human capital and a mythical form of capital representing
exogenous technological change); see also Dasgupta and Miiler (1991).

. See Pearce, Barbier and Markandya (1990); Daly and Cobb (1989), Repetto,

Wells, Beer and Rossini (1987); Pearce (1989) and UN Statistical Office
(1990).

. Daly and Cobb (1989), p. 71.
. Pearce, Barbier and Markandya (1990) p. 4.
. These estimates are presented in a background paper that explains the

calculations in the following section.

. Nordhaus (1992).
. Nordhaus and Tobin (1972).
. Eisner (1989).
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