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Abstract

The sustainable economic welfare of a nation depends largely on the sustainable net benefits the macroeconomy
confers to its citizens. For this reason, an optimal macroeconomic scale can be considered one where the physical
scale of the macroeconomy and the qualitative nature of the stock of wealth it comprises maximises a nation’s
sustainable net benefits. The corollary of this definition is thus: the physical scale of the macroeconomy should grow
only if, in the process, the sustainable net benefits of a nation increase. It should cease to grow once sustainable net
benefits are maximised. Whilst it is one thing to promote an optimal macroeconomic scale, it is another entirely to
gain an appreciation of the sustainable net benefits yielded by the macroeconomy. Gaining such an appreciation
constitutes the central aim of this paper. With the assistance of two separate ‘benefit’ and ‘cost’ accounts to replace
gross domestic product (GDP), a sustainable net benefit index is constructed for Australia for the period 1966—1967
to 1994-1995. The index, particularly at the per capita level, indicates that economic welfare in Australia is declining
(i.e. the average Australian is getting ‘poorer’) despite per capita real GDP increasing. The index therefore suggests
that the scale of the Australian macroeconomy has probably well exceeded the optimum. © 1999 Elsevier Science B.V.
All rights reserved.
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1. Introduction

This paper is structured in the following man-
ner. First, the importance of having to separate
benefits and costs at the macroeconomic level is
emphasised. Second, the case for an optimal
macroeconomic scale is put forward. Third, it is
explained why gross domestic product (GDP) is
unable to suffice as a measure of sustainable net
benefits and, therefore, as an indicator of sustain-
able economic welfare. In response, two separate
accounts are recommended. The first is designed
to measure the ‘uncancelled’ benefits (net psychic
income) of economic activity. The second account
seeks to measure the ‘uncancelled’ costs of eco-
nomic activity—in effect, the source—sink and
life-support functions of natural capital sacrificed
in the process of producing and maintaining the
stock of benefit-yielding wealth. The two accounts
are briefly explained and discussed. With the use
of these two accounts, a sustainable net benefit
(SNB) index is calculated for Australia for the
period 1966-1967 to 1994-1995. As an alterna-
tive macroeconomic ‘barometer’ to GDP, the
SNB index enables one to appreciate whether the
Australian macroeconomy is nearing or has sur-
passed its likely optimum.

2. Why is an optimal scale of the economic
system a macroeconomic desideratum?

Economists are entirely familiar with the notion
of optimal scale. Indeed, microeconomics is virtu-
ally an expanded variation on the theme (Daly,
1996, p. 60). Whether it be a firm in production or
an individual making decisions concerning con-
sumption choices or the number of hours they
should work, it is customary to identify, define,
and often mathematically formalise a benefit and
cost function. In so doing, the microeconomist is
at pains to separate benefits and costs. The two
basic economic laws of diminishing marginal
benefit and increasing marginal cost are incorpo-
rated into the analysis to reflect the usual way
that benefits and costs vary in accordance with an
increase in the scale of any given activity. In every
instance, the recommended microeconomic course

of action is the same. That is, expand the scale of
activity until marginal benefits equal marginal
costs. Once achieved, net benefits are maximised
and an optimal scale of activity is attained.

Strangely, macroeconomics ignores the notion
of an optimal scale almost completely. No at-
tempt is ever made to compare the benefits and
costs of a growing macroeconomy, nor, further-
more, is there an attempt to seek and attain, or at
least move closer to, an optimal macroeconomic
scale. The continued physical expansion of the
macroeconomic subsystem is deemed desirable
simply because it involves an increase per capita
output. To wit:

The growth of total output relative to popula-
tion means a higher standard of living because
an expanding real output means greater mate-
rial abundance and implies a more satisfactory
answer to the economising problem (Jackson et
al., 1994, p. 414).

Why should an increase in the scale of eco-
nomic activity imply a more satisfactory answer
to the economising problem when, at the microe-
conomic level, operating at maximum capacity is
not necessarily the desirable solution? One can
only suggest that in moving from the microeco-
nomic to the macroeconomic sphere, most
economists continue to celebrate the benefits of a
growing macroeconomy while forgetting or ignor-
ing the attendant costs. Yet, it is because of this
oversight and the failure to properly account for
the costs of growth, that it is presently impossible
to ascertain whether any given macroeconomy is
nearing or has surpassed its likely optimum.
Clearly, to appreciate how well an economic sys-
tem is performing, the most basic of microeco-
nomic concepts—the concept of constrained
optimisation—must be incorporated into macroe-
conomics and the System of National Accounts.!
In other words, for any single macroeconomic
indicator to be reliably used as a measure of

' Two macroeconomic constraints that ought to at least be
in place are: (a) an ecologically sustainable rate of resource
throughput, and (b) a fair and equitable distribution of income
and wealth.
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sustainable economic welfare, it must be con-
structed on the basis of identifying, separating, and
comparing the benefits and costs of economic
activity. Only then is it possible to appreciate
whether an increase in the physical scale of the
macroeconomy is either beneficial or detrimental to
the sustainable economic welfare of a nation’s
citizens.

How then does one set about identifying the
optimal macroeconomic scale? In particular, what
are the relevant benefits and costs of economic
activity that need to be identified and measured? To
begin with, imagine the natural environment as
humankind’s initial dowry from which three main
categories of service are freely provided. These are
its ability to: (a) provide a source of natural
resources (low entropy matter-energy); (b) to ab-
sorb and assimilate high entropy wastes; and (c) to
provide the amenities which support life—in all, its
instrumental source—sink and life-support func-
tions. Human beings have the onerous task of
transforming a portion of the natural resource
endowment into human-made wealth to satisfy
their additional needs and wants. This task is never
ending because the capacity of an individual item
to satisfy human desires is eventually lost. Individ-
ual commodities are either consumed or, through
use, wear out. Consequently, human beings are
forever required to produce physical commodities
simply to maintain the stock of human-made
wealth intact.

Given, firstly, that resource scarcity ensures
wealth creation always comes at a cost, and sec-
ondly, that there is a limit to the benefits yielded
by a given stock of wealth, the following question
needs to be considered. That is: ‘to what extent
should a nation continue to increase the rate of
production and expand the scale of the macroecon-
omy?” Since achieving an optimal macroeconomic
scale requires the maximisation of a nation’s sus-
tainable net benefits, there are two aspects to
consider in answering this question. The first deals
with the benefits of wealth creation and mainte-
nance. The second deals with the cost of maintain-
ing the stock of wealth in terms of environmental
services sacrificed.

Strictly speaking, the satisfaction of human
needs and wants depends on the stock of natural

capital—the original source of all economic activ-
ity. This is because natural capital is the sole source
of low entropy matter-energy and the ultimate
repository of all high entropy wastes. Nevertheless,
the intensity with which human needs and wants
are satisfied is largely a function of the quality as
well as quantity of human-made wealth, that is, of
the ‘psychic income’ that the stock of wealth yields
through its consumption. Psychic income consti-
tutes the true benefit of economic activity because,
as Fisher (1906) pointed out long ago, the external
world is only made effective to human beings as a
consequence of final satisfactions derived from
commodity consumption eventually residing in the
human mind.

Itis an unfortunate fact of life that, in the process
of creating wealth, human beings must also endure
a considerable array of psychic disservices (e.g. the
disutility of work, of commuting, and of noise
pollution). It is the cancelling out of these psychic
disservices or ‘psychic outgo’ from psychic income
that enables one to obtain a measure of net psychic
income—the final or ‘uncancelled’ benefit of eco-
nomic activity. Net psychic income is the uncan-
celled benefit of economic activity because, in
tracing the course of economic activity from its
source (natural capital) to its final, psychic conclu-
sion, every intermediate transaction involves the
cancelling out of a receipt and expenditure of the
same magnitude. Only once an item of wealth is in
the possession of the final user or consumer is there
no additional exchange and, therefore, no further
cancelling of transactions (Daly, 1979, p. 81).

In dealing with the second aspect concerning the
above question, it is important to recognise that
whenever human beings extract useful resources
(low entropy matter-energy) from the natural-
environment, it inevitably returns, in the same
quantitative mass, as useless waste (high entropy
matter-energy).? Perrings (1986) has shown that

2 It returns in the same quantitative mass because of the first
law of thermodynamics—the law of the conservation of mat-
ter and energy— which stipulates that both matter and energy
cannot be either created nor destroyed. However, it returns as
high entropy waste, that is, in a qualitatively degraded condi-
tion, because of the second law of thermodynamics—the
so-called Entropy Law.
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no matter how benignly human beings conduct
their activities, the subsequent disarrangement of
matter-energy always has some deleterious impact
on the natural environment. Consequently, hu-
man beings have no option but to acknowledge
and accept some loss of the free source—sink and
life-support services provided by natural capital as
some portion of the low entropy it provides is
transformed into physical commodities and re-
turns, once they have been consumed, as high
entropy waste.

Since natural capital is the original source of all
economic activity, the loss of natural capital ser-
vices constitutes the final or ‘uncancelled’ cost of
economic activity. That is, if one traces economic
activity from its final, psychic conclusion (net
psychic income) back to its original source, all
intermediate transactions are cancelled except,
finally, the natural capital services sacrificed in
obtaining the low entropy required to produce
and maintain the stock of wealth.

In the end, sustainable net benefits can be cal-
culated by subtracting the uncancelled costs of
economic activity from the uncancelled benefits.
The extent to which a nation should increase the
physical scale of the macroeconomy depends on
whether its physical expansion leads to an in-
crease in sustainable net benefits. In the event that
it does, growth is ‘economic’ and therefore desir-
able. However, once a nation’s sustainable net
benefits are maximised and the optimum is at-
tained, the macroeconomy should cease to grow
(unless the optimum scale, which is not static,
increases over time). Growth beyond the opti-
mum, even an expanding optimum, becomes
‘anti-economic’.

The notion of an optimal macroeconomic scale
is diagrammatically illustrated in Fig. 1.

Assume, for a moment, that technological pro-
gress is static. The uncancelled benefits (UB)
curve in Panel la represents the net psychic in-
come yielded by a growing macroeconomy. The
characteristic shape of the UB curve is at-
tributable to the law of diminishing marginal
utility which, barring technological improvements,
is equally applicable to the total stock of wealth
as it is to individual items. It is as a consequence

of this law that the marginal uncancelled benefit
(MUB) curve in Panel 1c is downward sloping.

The cost of increasing the physical scale of the
macroeconomy is represented in Panel 1a by the
uncancelled cost (UC) curve. It represents the free
instrumental services—the source—sink and life-
support functions—Ilost in the process of trans-
forming natural resources into  physical
commodities. The shape and nature of the UC
curve is attributable to the law of increasing mar-
ginal costs—a reflection of the increase in costs
arising from the macroeconomy growing relative
to a finite natural environment.> For instance, as
the macroeconomy grows and non-renewable re-
sources are progressively depleted, human beings
are forced to go to much greater lengths and
expend more energy to discover and extract new
and often poorer grade resources. Also, in a world
where the scale of the macroeconomy relative to
the natural environment is small, wealth creation
has only a minimal impact on the source-sink
and life-support functions of natural capital. As
the macroeconomy gets bigger and its relative
scale becomes more considerable, undesirable eco-
logical feedbacks increase in their significance
such that, with every new disruption of natural
capital, the opportunity cost is generally greater
than the previous disruption. It is because of the
law of increasing marginal costs that the marginal
uncancelled cost (MUC) curve in Panel Ic is
upward sloping.

Both the UC and MUC curves are vertical at
the macroeconomic scale of Sg. This is because Sg
denotes the maximum sustainable macroeconomic
scale—what is, for given levels of human know-
how, the largest macroeconomic scale that any
nation can maintain at the maximum sustainable
rate of resource throughput. Both the UC and
MUC curves are vertical at this point to indicate
that any wealth created beyond Sg is not permissi-
ble (at least from a sustainability perspective)
since, in the long run, the larger stock of wealth
cannot be ecologically sustained. Whilst Sg is
therefore equivalent to a sustainability threshold,

3 Since the natural environment can erratically respond to
novel events, the UC curve is not always as well behaved as is
shown in Fig. 1.
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Fig. 1. A diagrammatic illustration of an optimal macroeconomic scale.

it should always be understood that a threshold of
this nature is both indistinct and, for many un-
controllable reasons, highly variable. For this rea-
son alone, the maximum permissible scale should
always be limited to something less than the esti-
mated maximum sustainable scale.*

For any given macroeconomic scale, sustain-

4This is best achieved by consciously setting quantitative
limits on the annual rate of matter-energy (throughput) cros
ing the natural environment—macroeconomy boundary. See
Daly (1996), Chapter 2.

able net benefits (SNB) are measured by the verti-
cal difference between the UB and UC curves.
This difference is represented by the SNB curve in
Panel 1b. An optimal macroeconomic scale is
obtained at and denoted by S*. It represents the
physical size and qualitative nature of the macroe-
conomy that maximises the vertical difference be-
tween the UB and UC curves (SNB¥). In Panel
Ic, this is where the MUB and MUC curves
intersect.

Fig. 1 demonstrates that growth is a desirable
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macroeconomic objective only in the early stages
of the development process. Continued physical
expansion of the macroeconomic subsystem,
which is equivalent to moving along the UB and
UC curves, eventually leads to a decline in sus-
tainable net benefits and thus becomes anti-eco-
nomic, indeed, anti-development.

3. Technology and the optimal macroeconomic
scale

The role of technology cannot be ignored at
this point. Technological progress can increase
the net psychic income gained while also decreas-
ing the natural capital services sacrificed in main-
taining a given macroeconomic scale. This is
because technological progress can beneficially
shift the UB curve upwards and the UC curve
downwards and to the right. In doing so, techno-
logical improvements can permit, over time, an
increase in the overall size of the optimal macroe-
conomic scale. Furthermore, by also reducing the
loss of natural capital services, technological pro-
gress can also increase the maximum sustainable
scale.

To explain how the two curves can be posi-
tively shifted, consider a couple of instructive
examples, beginning with uncancelled benefits. If
a technological innovation increases the capacity
of the stock of wealth to yield benefits, a higher
level of net psychic income can be enjoyed even if
the macroeconomy comprises the same physical
magnitude, though never the same population, of
wealth. This can be achieved by improving the
technical design of newly produced commodities.
It can also be achieved by improving the way in
which human beings organise themselves in the
course of producing and maintaining the stock of
wealth (thereby reducing such things as the disu-
tility of labour and the cost of commuting and
unemployment). Conversely, of course, down-
ward pressure on the UB curve can also be ex-
erted if, in the process of producing commodities
to maintain the stock of wealth intact, unemploy-
ment and other psychic outgo costs increase.

What about uncancelled costs? New technolo-
gies that increase the efficiency of resource use—

i.e. that reduce the requirement for resource
input, that lead to more ecologically benign
wastes, and result in resource extraction activities
having a lessened impact on the environment,
shift the UC curve by reducing the loss of natural
capital services associated with the creation of
human-made wealth.

There is considerable debate surrounding how
much and for how long human beings can rely
on technological progress to respectively shift the
UB and UC curves. This paper is not the place to
debate such issues. However, ecological
economists believe the limits to technological pro-
gress, particularly with respect to uncancelled
costs, are probably not that far away. In any
case, one thing is irrefutably clear. Regardless of
the rate of technological progress, and moreover,
how distant the limits to such progress indeed
are, there is, at any given point in time, a physi-
cal macroeconomic scale which constitutes the
optimum. If the rate of growth of the macroecon-
omy exceeds the rate at which technological pro-
gress beneficially shifts the UB and UC curves,
the macroeconomy eventually overshoots the op-
timum. In doing so, sustainable net benefits must
eventually decline—something a rigorously con-
structed index of sustainable net benefits should
have little problem in revealing.

4. Real GDP—an inadequate measure of
sustainable economic welfare

GDP is measured in both nominal and real
terms. At a simplistic level, nominal GDP is the
monetary value—at current or going market
prices—of the annual flow of goods and services
produced by domestically located factors of pro-
duction. Real GDP, on the other hand, elimi-
nates the effect that inflation (deflation) has on
the nominal measure of GDP by approximating
the annual physical flow of production in terms
of a constant price level. Since the 1940s, real
GDP has been the foremost indicator of eco-
nomic welfare throughout the world. Compari-
sons over time in real GDP are made on the
grounds that it illuminates changes in economic
welfare and, therefore, changes in the standard of
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living. In addition, real GDP is used to assess the
relative state of economic welfare of different
countries.

As previously explained, an efficacious welfare
indicator needs to identify, separate, and compare
benefits and costs in order to properly reflect the
changing net benefits conferred by a growing
macroeconomy. With this in mind, it is suggested
that, for the following reasons, real GDP is un-
able to suffice as a measure of sustainable eco-
nomic welfare. First and foremost, GDP fails to
separate benefits and costs. It treats many costs as
benefits yet fails to include some benefits alto-
gether. For example, it falsely includes as benefits
a range of defensive and rehabilitative expendi-
tures (e.g. some medical and dental expenditures,
the cost of vehicle repairs, crime prevention mea-
sures, and efforts to both rehabilitate and protect
the natural environment from the impacts of eco-
nomic activity). GDP also fails to include a num-
ber of significant welfare-related benefits. These
include more than just the usually indicated over-
sights such as non-paid household work, volun-
teer work, and the value of leisure time. With the
exception of owner-occupied residential dwellings,
GDP also excludes the annual services yielded by
owner-used assets (consumer durables such as fur-
niture, white-goods, and cars) and publicly pro-
vided assets—public buildings (such as art
galleries, museums, and libraries) and roads and
highways (Daly, 1996, p. 111). Overlooked, also,
is the annual value of natural capital services
which appear to have greater welfare significance
than any human-made capital (Costanza et al.,
1997).

Second, and in view of the last point, the
calculation of GDP falsely counts the consump-
tion of natural capital as income. Income is prop-
erly defined as the maximum amount that can be
consumed without undermining the capacity to
maintain the same level of consumption into the
future (Hicks, 1946). Because of the complemen-
tarity of human-made and natural capital (Daly,
1996, pp. 76—79), sustaining a given consumption
stream requires the stock of both forms of capital
to be kept intact. Preliminary evidence indicates
the stock of natural capital of most countries is
being consumed despite GDP increasing (Pearce

and Atkinson, 1993). When GDP is adjusted to
take account of natural capital depletion, it is
often dramatically affected (e.g. Repetto et al.,
1989). In many cases, increases in GDP become
decreases following an adjustment for natural
capital consumption. Hence, by counting as
benefit the consumption of natural capital, GDP
is in many ways a faulty measure of income.

Third, the calculation of GDP assumes that an
extra dollar of income to the rich adds as much to
the nation’s economic welfare as an extra dollar
of income to the poor. However, this assumption
runs counter to the principle of diminishing mar-
ginal utility where, as Robinson (1962) once
pointed out, ‘so much of the good juice of utility
is allowed to evaporate out of commodities by
distributing them unequally’. Of course, one can-
not assume that a nation’s economic welfare
would be maximised by ensuring each citizen re-
ceived the same income. It clearly would not.
Income inequality is necessary to provide the in-
centive structure required to reward individual
effort and to assist in generating a nation’s in-
come to begin with.> Nevertheless, given that
changes over time in the distribution of income
are likely to affect the aggregate economic welfare
of a nation, an adjustment of some description
should be made to reflect this welfare implication.
Current measures of GDP do not incorporate an
adjustment of this type.

Finally, GDP does not include the social cost of
unemployment, in particular, long-term unem-
ployment, nor the potential unsustainability of a
growing foreign debt. Does, for instance, a steady
increase in GDP represent an increase in eco-
nomic welfare if: (a) a growing percentage of the
labour force becomes unemployed and (b) if, in
servicing a growing foreign debt, a nation is
forced to liquidate much of its natural capital?
The answer would seem to be an unambiguous no
although, again, one cannot rely on GDP to
reflect such impacts on the welfare of a nation’s
citizens.

5> All the same, the degree of income inequality should not
exceed what is deemed to be ethically acceptable.
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5. A sustainable net benefit (SNB) index for
Australia, 1966—1967 to 1994-1995

In order to gain an appreciation of the sustain-
able net benefits yielded by the Australian
macroeconomy, two things are required. In the
first instance, the deficiencies inherent in conven-
tional measures of GDP must be overcome. Sec-
ond, an SNB index needs to be constructed on the
basis of having to identify, separate, and compare
the benefits and costs of economic activity.

5.1. Account No. 1—the uncancelled benefits (net
psychic income) account

In view of the aforementioned, a clearer picture
of sustainable net benefits is obtained via the
compilation of two separate accounts. The first is
an ‘uncancelled benefits’ account. The primary
aim of this account is to calculate a pecuniary
measure of net psychic income. The construction
of such an account involves a number of steps. To
begin with, there is a need to identify and measure
the psychic income enjoyed from either the use
and—or consumption of wealth as well as from
the process of wealth creation itself. Second, the
disservices deplored but nonetheless experienced
from economic activity—psychic outgo—also
need to be identified and valued. Having achieved
both, the latter are subtracted from the former to
obtain a measure of net psychic income.

To assist in the measurement of both psychic
income and outgo, a number of the items used in
the calculation of both the Index of Sustainable
Economic Welfare (Daly and Cobb, 1989) and the
Genuine Progress Indicator (Cobb et al., 1995)
have been separated into the two respective cate-
gories.® The following items constitute the psychic
income items which make up the uncancelled
benefit account for Australia. The means by
which they are calculated are, in most instances,
briefly explained. The respective values of each
item are based on 1989-1990 prices.

¢ A few additional items have been added in this study. In
addition, there is a slight variation in the means by which
some of the items have been calculated.

® Private consumption expenditure. Private con-
sumption expenditure serves as the initial refer-
ence point for the uncancelled benefit account.
(Data source: Foster, 1996, Table 5.2a, p. 220).

® An index of distributional inequality. As previ-
ously explained, psychic income depends very
much on the distribution of income. Conse-
quently, an index of distributional inequality is
used to weight consumption expenditure. This
index is based on the change in the Gini coeffi-
cient with the initial year, 1966—1967, given a
base index value of 100.0. Any improvement—
deterioration in the distribution of income
since 1966—1967 results in a smaller—larger
Gini coefficient and, therefore, a smaller—
larger index value. (Data source: Australian
Bureau of Statistics, Income Distribution in
Australia (various). Catalogue No. 6523.0).

e Distributional weighting of private consumption
expenditure. Consumption expenditure is
weighted to reflect annual changes in the distri-
bution of income. This is achieved by: (a)
dividing consumption expenditure for each
year by the respective index value, and (b)
multiplying by 100.

® Annual services yielded by stock of consumer
durables. Consumer durables are not wholly
consumed over an annual accounting period.
Hence there is a need to impute the value of
the services (psychic income) derived from their
part ‘consumption’. It has been assumed that
the value of these services is equal to an annual
depreciation value of 15% per year. (Data
source: Commonwealth Treasury of Australia,
1996, Table 1(a), p. 49 and Table 1(b), p. 50).

® Annual services yielded by stock of public
dwellings. As per the previous item except, in
this instance, the annual imputed rental rate
was assumed to be equal to that of owner-oc-
cupied private dwellings. (Data source: Foster,
1996, Table 5.23, p. 274).

® Annual services yielded by stock of roads and
highways. As per the previous item. (Data
source: Australian Bureau of Statistics, Aus-
tralian National Accounts: National Income,
Expenditure and Products (various). Catalogue
No. 5204.0).
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® Non-paid household labour. Significant benefits

are derived from non-paid household labour
activities such as household cleaning, cooking,
child care, household maintenance and renova-
tion, and gardening. To calculate the annual
value of non-paid household labour, the gross
opportunity cost method was used. An hour of
unpaid household work was assumed to be
equal to the average hourly real wage. (Data
source: Foster, 1996, Table 4.18, p. 209).
Volunteer labour. Volunteer labour contributes
significantly to the psychic income enjoyed by
Australians. Calculated as per non-paid house-
hold labour. (Data source: Australian Burcau
of Statistics, Voluntary Work in Australia.
Catalogue No. 4441.0).

Public expenditure on health and education
counted as consumption. Not all public expendi-
ture on health and education directly benefits a
nation’s citizens. Much of it is simply for de-
fensive measures. This item includes the esti-
mated portion of public expenditure which
contributes to the improvement of a nation’s
health and vitality (assumed to be half of all
public health and education expenditure).
(Data source: Foster, 1996, Table 2.12, p. 83).
Net capital growth. To sustain net benefits over
time, the quantity of productive capital per
worker must be maintained. Net capital growth
constitutes any increase in productive capital
above this requirement. (Data source: Foster,
1996, Table 4.3, p. 180 and Table 5.23, p. 274).
Change in net international position. This item
was included because a nation’s long-term ca-
pacity to sustain net benefits over time depends
very much on whether capital is domestically
or foreign owned. (Data source: Foster, 1996,
Table 1.20.c, p. 55).

Imputed value of leisure time. Leisure is an
important component of any nation’s well-be-
ing. To calculate this item, the number of
leisure hours was estimated by calculating the
average daily number of non-leisure hours of
Australians aged 15 years and above (the mini-
mum school-leaving age) and deducting it from
the number of hours in a day. It was assumed
that the real value of an hour of leisure time
remained unchanged over the study period.

(Data source: Department of Employment, Ed-
ucation, and Training, 1995; Foster, 1996,
Table 4.12, p. 198; Australian Bureau of Statis-
tics, Survey of Motor Vehicle Usage (various).
Catalogue No. 9208.0; Australian Bureau of
Statistics, Education and Training in Australia
(various). Catalogue No. 4224.0).

Item A—Total psychic income. Equal to the
sum of all psychic income items. The value of
Item A for each year over the period 1966-
1967 to 1994—-1995 appears in Table 1.

The following items serve as the psychic outgo

items which, when cancelled against the above,
provide a measure of uncancelled benefits (net
psychic income). These, too, are based on 1989
1990 prices.

Annual expenditure on consumer durables. Be-
cause the life of consumer durables exceeds one
year, one cannot record current expenditures
on consumer durables as an act of personal
consumption. In other words, the amount paid
for consumer durables reflects the psychic in-
come consumers expect to enjoy over the full
time it takes to consume, degrade, or depreci-
ate consumer durables. As such, it is necessary
to subtract current expenditure on consumer
durables. (Data source: Australian Bureau of
Statistics, Australian National Accounts: Na-
tional Income, Expenditure and Product (vari-
ous). Catalogue No. 5204.0).

Defensive private health and education expendi-
ture. There is a need to subtract those portions
of private education and health expenditures
which are clearly defensive (assumed to be half
of all private health and education expendi-
ture). (Data source: Australian Bureau of
Statistics, Australian National Accounts: Na-
tional Income, Expenditure and Product (vari-
ous). Catalogue No. 5204.0).

Cost of private vehicle accidents. The cost of
vehicle accidents is a form of expenditure that
reduces a nation’s psychic income. However,
only the cost of private vehicle accidents was
included because much of the total cost of all
vehicle accidents is incurred by the business
sector which does not directly affect psychic
income. (Data source: Paterson, 1973; Burcau
of Transport and Communications, 1979;
Atkins, 1981; Steadman and Bryan, 1991).
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o Cost of noise pollution. The cost of noise pollu-
tion is based on a 1972 World Heath Organisa-
tion estimate (OECD, 1986). This estimate was
adjusted in accordance with changes in a con-
structed noise pollution index. (Data source:
Fabricius, 1994).

® Direct disamenity cost of air pollution. Along
with many other forms of pollution, air pollu-
tion costs reflect the loss of the ecosphere’s sink
function. However, some portion of all air
pollution costs includes the direct impact it has
on a nation’s psychic income. These include the
impact of air pollution on: (a) urban property
values and wages, and (b) urban aesthetics
(Freeman, 1982). It was assumed that these
two impacts constitute 40% of the total cost of
air pollution. (Data source: Australian Bureau
of Statistics, Cost of Environmental Protection,
Australia: Selected Industries, 1991-1992. Cat-
alogue No. 4603.0; Fabricius, 1994).

o Cost of unemployment. In the same way leisure
time constitutes a benefit, so unemployment
constitutes a psychic outgo cost to the unem-
ployed. (Data source: Foster, 1996, Table 4.3,
p- 180; Table 4.12, p. 198; Table 4.15, p. 202;
and Table 2.25, p. 108).

o Cost of underemployment. As per the previous
item. Underemployment occurs when the num-
ber of hours worked by those employed is less
than the amount desired. (Data source: Aus-
tralian Bureau of Statistics, Employment, Un-
deremployment, and Unemployment,
19661983 in Australia. Catalogue No. 6246.0;
Kryger, 1993).

o Cost of commuting. As cities and towns grow,
the length of time spent commuting increases
thereby reducing the nation’s net psychic in-
come. This item was calculated by adopting the
formula used by Daly and Cobb (1989), pp.
424-425, in their estimation of commuting
costs as part of their calculation of the Index of
Sustainable Economic Welfare. (Data source:
Australian Bureau of Statistics, Australian Na-
tional Accounts: National Income, Expenditure
and Product (various). Catalogue No. 5204.0).

o Cost of crime. The cost of crime was assumed
to be the sum of: (a) the theft of privately
owned property (excluding the cost of crime

inflicted upon the business and public sector);
and (b) the cost of being confined indoors at
particular times of the day or to particular
places. The latter was assumed to be equivalent
to the amount spent by all forms of govern-
ment on public order and safety. (Data source:

Walker, 1992; Australian Bureau of Statistics,

National Crime Statistics. Catalogue No.

4510.0; Foster, 1996, Table 2.12, p. 83).

o Cost of family breakdown. This item reflects the
loss of psychic income arising from the break-
down of the family unit. The method used here
is the same as that used by Cobb et al. (1995),
pp. 19-21, in the estimation of the Genuine
Progress Indicator. (Data source: Australian
Bureau of Statistics, Australian Yearbook (var-
ious). Catalogue No. 1301.0).

o Item B—Total psychic outgo. Item B is equal
to the sum of all psychic outgo items. The
value of Item B for each year over the period
1966—-1967 to 1994—1995 appears in Table 1.
The total psychic outgo (Item B) is subtracted

from total psychic income (Item A) to obtain an

measure of net psychic income (uncancelled
benefits). The final estimate of net psychic income

for Australia appears in Table 1 (Item C).

Net psychic income for Australia generally rose
over the study period, indicating that psychic
income rose more than the increase in psychic
outgo. The steepest rise occurred during the pe-
riod 1966-1967 to 1973-1974. Between 1973-
1974 and 1986-1987, Australia’s net psychic
income increased only marginally. This can be
explained by the fact that net psychic income is
particularly sensitive to changes in unemploy-
ment, changes in income distribution, net capital
growth, and changes in the net international posi-
tion. All of these items deteriorated significantly
either throughout this entire period or over most
of it. Interestingly, neither of these factors have
any affect on conventional measures of GDP.
Apart from the recessionary period of 19881989
to 1990-1991, net psychic income generally in-
creased beyond 1986-1987. However, the rate of
such an increase is considerably smaller than that
experienced between the years of 1966—1967 to
1973-1974.
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5.2. Account No. 2—the uncancelled cost account

The principal objective of an uncancelled cost
account is to estimate a pecuniary measure of the
natural capital services sacrificed in the process of
conferring uncancelled benefits via economic ac-
tivity. To construct an uncancelled cost account,
it is first necessary to ascertain the extent to which
the natural environment’s source—sink and life-
support functions have been lost during each ac-
counting period. This involves a number of steps.
The first of these relates to the environment’s
source function. To deduce the extent to which
the source function has been sacrificed, it is neces-
sary to determine: (a) the rate at which both
renewable and non-renewable resources have been
harvested or mined; (b) the regeneration rate of
renewable resources; and (c) the extent to which
renewable resources have been cultivated to offset
the depletion of non-renewable resources. Having
achieved this, the extent to which the source
function has been lost requires comparison be-
tween (a) and (b) with allowances made for varia-
tions in (c).

With the above in mind, the following items are
included to measure the diminution of the natural
environment’s source function. The respective val-
ues for each financial year are based on 1989-
1990 prices.

o User (depletion) cost of metallic mineral stocks.
The extraction of non-renewable resources con-
stitutes a direct decline in the natural environ-
ment’s source function. El Serafy (1989) user
cost method was employed to calculate the cost
of non-renewable resource depletion. (Data
source: Australian Bureau of Statistics, Mining
Production, Australia (various). Catalogue No.
8405.0; Australian Bureau of Agricultural and
Resource Economics. Commodity Statistical
Bulletin (various). AGPS, Canberra).

® User (depletion) cost of coal stocks. As per the
previous item.

o User (depletion) cost of oil and gas stocks. As
per the previous item.

o User (depletion) cost of non-metallic mineral
stocks. As per the previous item.

o Loss of agricultural land (soil loss). This item
was calculated by assuming the value of the

annual productivity loss of agricultural land is
equal to 6% of the annual value of agricultural
production (State of the Environment Advisory
Council, 1996). Also included in this calcula-
tion were the losses attributed to the encroach-
ment of urban areas onto agricultural land.
(Data source: State of the Environment Advi-
sory Council, 1996; Australian Bureau of
Statistics, Census of Population and Housing
(various). Catalogue No. 2822.0).

® Net change in timber stocks. As a renewable
resource, the impact of timber harvesting on
the environment’s source function depends crit-
ically on the rate at which it is harvested; its
regenerative rate; and the extent to which addi-
tional timber stocks have been cultivated. Sep-
arate values were assigned for native forest
timber, woodland forest timber, plantation
timber—broadleaved, and plantation timber-—
coniferous. (Data source: Australian Bureau of
Statistics, National Balance Sheets for Aus-
tralia: Issues and experimental Estimates,
1989-1992. Occasional Paper, Catalogue No.
5241.0, Table 4.2, p. 72; Table 4.3, p. 73; Table
4.4, p. 73; Table 4.5, p. 74; Table 4.7, p. 79;
Table 4.8, p. 80; Table 4.9, pp. 81-82; and
Department of Primary Industries).

® Net change in fishery stocks. Calculated as per
the previous item. Fishery stocks included
prawns, rock lobster, abalone, scallops, oysters,
fish (excluding tuna), and tuna. (Data source:
State of the Environment Advisory Council,
1996, Fig. 8.4, pp. 8—14; Table 8.11, p. 8§8-29;
Australian Bureau of Agricultural and Re-
source Economics. Commodity Statistical Bul-
letin (various). AGPS, Canberra).

o Cost of lost or degraded wetlands, mangroves
and saltmarshes. Wetlands, in this instance, in-
cluded all areas of land that are flooded annu-
ally or are inundated or waterlogged on a
permanent, seasonal, or intermittent basis. Sep-
arate values were assigned to each of these
landscape types. (Data source: Galloway et al.,
1984; Paijmans et al., 1985; State of the Envi-
ronment Advisory Council, 1996, Tables 8.6
and 8.7, pp. 8-22)

The second major step involved in the compila-
tion of an uncancelled cost account relates to the
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natural environment’s sink function. The sink
function is sacrificed, to some degree, when the
quantity and qualitative nature of the high en-
tropy wastes generated by the economic process
exceeds the capacity of the natural environment to
assimilate them. With a good deal of reliability,
one can say that the waste assimilative capacity
has been exceeded whenever the emission of pol-
lution imposes discernible costs. For this reason,
the following items have been chosen to reflect the
loss of the natural environment’s sink function.

o Cost of water pollution. The cost of water pol-
lution was calculated by using a constructed
water pollution index to adjust the estimated
1991-92 cost of water pollution. (Data source:
Australian Bureau of Statistics, Cost of Envi-
ronmental Protection, Australia: Selected In-
dustries, 1991-1992. Catalogue No. 4603.0;
Fabricius, 1994).

o Cost of air pollution. It was assumed that 60%
of the total cost of air pollution reflects the
waste assimilative capacity of the natural envi-
ronment having been exceeded (the remaining
40% was assumed to be equal to the direct
disamenity cost of air pollution). (Data source:
Australian Bureau of Statistics, Cost of Envi-
ronmental Protection, Australia: Selected In-
dustries, 1991-1992. Catalogue No. 4603.0;
Fabricius, 1994; State of the Environment Ad-
visory Council, 1996).

o Cost of solid waste pollution. An index of solid
waste pollution was calculated by assuming the
full impact of solid waste is a function of the
quantity of waste which makes its way to
landfill sites. The index was then used to adjust
the 1991-92 estimated cost of solid waste pol-
lution. (Data source: Fabricius, 1994; National
Greenhouse Gas Inventory Committee, 1996,
Table A2, p. 73; Australian Bureau of Statis-
tics, Cost of Environmental Protection, Aus-
tralia: Selected  Industries, 1991-1992.
Catalogue No. 4603.0).

o Cost of ozone depletion. The cost of ozone
depletion was calculated by multiplying the
cumulative production of CFC-11 and CFC-12
by a value of $1.00 per kilogram produced. The
cumulative figure is equivalent to the amount
needed to compensate future generations for

the effects of excessive pollutants in the Earth’s

atmosphere (in particular, ‘Greenhouse’ and

ozone-depleting gases and substances). (Data

source: Cobb et al., 1995).

The completion of an uncancelled cost account
requires the estimation of two important aspects
related to the ecosystem’s life-support function.
The first of these relates to the cost of long-term
environmental damage. The second involves the
calculation of an Ecosystem Health Index. An
uncancelled cost account is consequently finalised
by the inclusion of the following items:

o Cost of long-term environmental damage. The
cost of long-term environmental damage
largely reflects the natural environment’s di-
minishing life-support services. To calculate
this item, Australia’s annual consumption of
energy was converted to a crude oil barrel
equivalent and multiplied by a cost value of
$2.50 per barrel. Like the previous item, the
cumulative figure is equivalent to the amount
needed to compensate future generations for
the excessive use of energy resources. (Data
source: Australian Bureau of Statistics, Energy
Accounts for Australia, 1993-1994. Catalogue
No. 4604.0, Table 3.4, p. 21; Bureau of Re-
source Economics, 1987, Table El, p. 73).

® Ecosystem Health Index. Many sacrificed life-
support services are exceedingly difficult to
measure. To overcome this, the above running
total of uncancelled costs is weighted by an
index reflecting the health of Australia’s
ecosystems. This is necessary given that the
items used to account for lost source and sink
services do not account for impacts on the
life-support function of natural capital (e.g.
mining not only diminishes the source function
of natural capital but, through the disruption
of ecosystems, its life-support services). The
index was based on the rate of native vegeta-
tion clearance with 1966-1967 given a base
value of 100.0. The index constantly falls to a
value of 90.0 by the year 1994-1995, which
represents a 10% reduction in native vegetation
cover over the study period. The running total
of uncancelled costs was weighted by: (a) divid-
ing the uncancelled costs for each year by the
respective index value; and (b) multiplying by
100. (Data source: Biodiversity Unit, 1995).
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Fig. 2. Per capita sustainable net benefits and per capita real GDP for Australia, 1966—1967 to 1994—1995.

o Item D—uncancelled costs. The value of Item
D for each year over the period 1966—1967 to
1994-1995 appears in Table 1.

Overall, the final uncancelled costs for Aus-
tralia rose throughout the entire study period.
Similarly, per capita uncancelled costs also in-
creased in all but the financial year 1970-1971. Of
the items included in the uncancelled cost ac-
count, the biggest rises occurred in the user cost
of non-renewable resources, the loss of agricul-
tural land, and in the cost of ozone depletion and
long-term environmental damage. It is clear that
Australia is failing to invest a sufficient amount of
the proceeds from non-renewable resource deple-
tion into the cultivation of additional renewable
resource substitutes. Whilst pollution costs gener-
ally increased over the study period, such in-
creases were moderated by improvements in waste
treatment, pollution abatement technologies, and
tighter legislative controls on waste emissions.
Due largely to extensive native vegetation clear-
ance in the states of Queensland and New South
Wales (about one-third of the Australian conti-

nent), the health of Australia’s ecosystems deteri-
orated over the study period despite a small net
increase in timber stocks.

6. Calculating the SNB index for Australia,
1966-1967 to 1994—1995

Having estimated the pecuniary value of final
uncancelled benefits and costs, the results were
simply combined to establish the SNB index. This
was accomplished by subtracting uncancelled
costs from uncancelled benefits (Item C less Item
D). A raw SNB index and a per capita SNB index
were calculated for Australia. Both appear in
Table 1 (Items E and G). All estimates were based
on 1989-1990 prices. In Fig. 2, a comparison is
drawn between the per capita SNB index and
Australia’s per capita real GDP.

The SNB index increases steadily from 1966—
1967 until peaking in 1973—1974. It then steadily
declines through to 1979-1980. The index recov-
ers slightly in 1980—1981 and continues to fluctu-
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ate up to 1986-1987. In 1987-1988 there is a
sharp increase in the SNB index. The index then
proceeds to gradually but marginally decline to
1992-1993. In the last 2 years of the study period,
the SNB index increases slightly. By 1994-1995,
the SNB index is less than its 1973-1974 peak
($227068 million in 1994-1995 as opposed to
$260446 million in 1973-1974).

As for the per capita SNB index, the trend is
similar but of greater interest. The per capita SNB
index begins at $13016 per Australian citizen. The
per capita SNB index steadily rises before peaking
in 1973-1974 at $18979. It eventually declines to
$12577 per Australian citizen by 1994—1995—Iess
than its initial value. Both the raw and per capita
SNB indexes indicate a general decline in Aus-
tralia’s sustainable economic welfare since 1973—
1974. This is despite per capita real GDP rising
virtually throughout the entire study period. More
particularly, the SNB index indicates the strong
likelihood of the Australian macroeconomy hav-
ing already exceeded its optimal scale. Given the
continued increase in uncancelled costs, that is, in
the loss of natural capital services, Australia may
well have surpassed its maximum sustainable
scale.

From the evidence provided, it is not possible
to ascertain with any reliability the extent to
which the Australian macroeconomy has: (a) ex-
panded in a physical sense via increases in re-
source throughput—that is, has simply moved
along the UB and UC curves; and—or (b) devel-
oped in a qualitative sense—that is, has evolved
due to shifts in the UB and UC curves arising
from technological progress or improvements—de-
terioration in the manner in which Australians
organise themselves in the process of producing
physical commodities. Assume there has been a
shift upwards of the UB curve and a downward
shift of the UC curve. Nevertheless, the observed
decline in sustainable net benefits indicates that
the rate of such progress has been exceeded by the
rate of physical growth of the macroeconomic
subsystem. This, alone, calls into question
macroeconomic policies geared primarily towards
increasing levels of resource throughput and the
continued expansion of the Australian macroe-
conomy. Indeed, it suggests Australia requires

policies to facilitate the qualitative improvement
in the stock of wealth (development) and not its
quantitative increase (growth). Achieving this will
require Australian policy makers to think cre-
atively about the design of institutional structures
and arrangements and to place greater emphasis
on a range of non-economic factors and the
maintenance of natural capital. Above all, it will
require the GDP-employment and GDP-poverty
links to be severed, particularly given that both
constitute key forces underpinning the currently
perceived growth ‘imperative’.

7. Conclusion

The gradual decline in per capita sustainable
net benefits since 1973-74 suggests Australia has
probably surpassed its optimal macroeconomic
scale. Because uncancelled costs (lost natural cap-
ital services) are increasing at a faster rate than
uncancelled benefits (net psychic income), the
continued physical expansion of the Australian
macroeconomy is making the average Australian
poorer, not richer. However, in making such a
claim, there are a few aspects that must be taken
into account. First, the list of items used to com-
pile the uncancelled benefit and cost accounts is in
no way fully comprehensive. For reasons essen-
tially related to measurement difficulties or a lack
of appropriate data, many welfare-related factors
are excluded from their compilation. As for a
number of the items included, a great deal of
subjective judgement was required to make mone-
tary estimates. Moreover, where data for some
years was unavailable, both extrapolation and
interpolation techniques were required.

Second, one cannot be certain that the uncan-
celled benefit account reflects a true measure of
net psychic income. For instance, consumption
expenditure (Item A) includes junk food, tobacco
products, and alcohol, which may or may not be
of benefit to the consumer. Third, a per capita
measure of sustainable net benefits does not reveal
much about the distribution of net benefits. Who
is best able to experience the benefit-yielding qual-
ities of physical goods and services is a very
important welfare consideration. Whilst the index
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of distributional inequality helps to deal with this
issue to some degree, it does not provide a trans-
parent indication of the spread of net benefits
enjoyed by Australian citizens, nor does it indi-
cate whether the distribution of net benefits is fair
and equitable.

Finally, from a sustainability viewpoint, a raw
SNB measure does not indicate whether the
macroeconomy has exceeded the maximum sus-
tainable scale (i.e. Sg in Fig. 1). Whilst the SNB
index incorporates the natural capital services sac-
rificed in the process of conferring benefits to
Australian citizens, one can never be certain
whether the total loss has exceeded a sustainabil-
ity threshold. This suggests the SNB index may be
more effective if accompanied by a satellite ac-
count to indicate the state of natural capital and
the health of important ecosystems.

Clearly, as with any aggregate measure or in-
dex, the SNB index must be treated with caution.
Not for one moment should the index be seen as
a precise measure of Australia’s sustainable eco-
nomic welfare. However, from a policy-guiding
perspective, it would seem preferable to have a
somewhat inaccurate but conceptually sound indi-
cator than a performance indicator which is rela-
tively accurate but conceptually flawed (Daly,
1996, p.115). GDP belongs to the latter category.
A measure of sustainable net benefits belongs to
the former. For this reason, the SNB index serves
as a much better means of measuring the welfare-
related performance of the macroeconomy than
does GDP. With this in mind, it is high time that
the System of National Accounts be revised. The
SNB index and the compilation of separate
benefit and cost accounts may not, by themselves,
be the answer, but they would seem to be a step in
the right direction.
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