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EVALUATING LONG-LIVED PROJECTS:
THE ISSUE OF INTER-GENERATIONAL
EQUITY

R. YOUNG
CSIRO, P.O. Box 225, Dickson, Act, 2602, Australia

The role of the discount rate in benefit-cost analysis is reviewed, and its impact
considered. A positive rate clearly ‘tilts the balance overwhelmingly against
generations in the distant future’. In this context, the issue of inter-generation-
al equity is discussed, and it is concluded that although a positive rate repre-
senting social time preference or opportunity cost is appropriate when
considering questions of economic efficiency, this is not the case when equity
questions are being examined. In the case of irreversible change, an extreme
example of inter-generational inequity, there may bc no alternative to a
constrained optimisation approach, where the constraint is determined by an
ethical decision. A range of approaches for analysing the issue of inter-genera-
tional equity are canvassed and it is concluded that efficiency and equity
questions need tobe dealt with separately. If the analysis of the options on each
issue are set out clearly, then policy makers will be better placed to make an
informed and responsible decision.

Introduction

The view that the market can adequately look after problems of
resource use and depletion (see for cxample Kay and Mirrlees, 1975;
Treasury 1973!) has given way (0 a more interventionist approach in
dealing with externality problems of degradation and pollution, and
related equity problems. In part this reflects growing sensitivity to the
issue that ‘those who “vote” today, both politically and through the
market, are a small subset of those who arc affected’ (Lloyd, 1991).

The issue of the efficient allocation of resources over time is
fundamental to economic thought, and has been considered in two
main strands of analysis. One is macro-oriented and concerns optimal
growth modelling and the application of optimal control theory (for
examples, see Solow, 1974, 1986; Hartwick 1977, 1978a, 1978b;

* The views expressed are those of the author and not necessarily those of CSIRO.
Gratefu] acknowledgement is made with the usual caveat to Ray Trewin, Nico Klijn,
Clem Tisdell, Mick Common, Alan Lloyd and three anonymous referees for helpful
comments on an earlier draft.

1 To be fair, the Treasury paper also considers externality situations where interven-
tion may be warranted.
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Krautkramer 1985, 1986; Perrings 1991). The other main strand is
typically project based and concerns the application of benefit-cost
analysis (see Mishan 1976; Lind 1982c¢).

The benefit-cost approach is founded on utilitarian welfare
economics which uses Pareto efficiency criteria to determine which
activities generate the greatest gain for society, (see Mishan 1976 [Part
vii]; Randall 1982). The potential Pareto improvement, for example,
is defined in terms of the benefits accruing to gainers being more than
sufficient to compensate the losers, without compensation necessarily
being paid. Benefit-cost analysis, however, ignores distributional ef-
fects (see Lind, 1982a, pp. 12-13; Cory 1985; Bockstael and Strand
1985) and the question arises whether benefit-cost analysis is adequate
for evaluating intergenerational streams of benefits and costs. If it is
not, what modifications or constraints need to be added or does the
approach need to be jettisoned when issues of equity arise?

The issue of intergenerational equity is closely related to the choice
of discount rate, an issue which continues to be a topic of unresolved
debate in the economics profession. Use of a positive discount rate in
benefit-cost analysis discriminates against future generations? and
effectively means that such projects are evaluated only from the
viewpoint of the present generation (Layard 1972; Ferejohn and Page
1978; Quiggin 1992).

There appears to be growing concern amongst members of the
economics profession about the capacity of the existing body of
mainstream economic thought to resolve issues of sustainable develop-
ment and intergenerational equity (Jayasuriya, 1992). Examples in-
clude: Norgaard (1989, p. 48) who quotes Hicks’s 1979 reference to
‘the phenomena with which economics deals are so narrow that
economists are continually butting their heads against its boundaries’
and calls for ‘methodological pluralism’ to overcome ‘methodological
poverty’; Turner (1991, pp. 209-10) who refers to the narrowness of
conventional economic analysis and the inadequacy of a market-based
economics paradigm to deal with questions of valuation, fairness and
compensation in relation to climate change and biodiversity; Friend
(1990) who calls for a new paradigm to replace the neoclassical
framework which is out-of-phase with social and economic realities;
Christensen (1989) who charges that the basic biophysical principles
are in conflict with the marginal physical and technical assumptions
which underpin modern economic theories; Common and Perrings
(1992) who conclude that economic (Solow) sustainability and
ecological sustainability ‘are largely disjoint’; Dasgupta and Maler

2 An anonymous reviewer has pointed out that the discount rate should not only be
positive but greater than the rate of productivity growth to effect discrimination against
future generations. To the extent that productivity growth is non-discriminatory, this will
be true. Whether productivity growth is neutral in this context is by no means certain,
particularly for example if environmental damage results.
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(quoted in Jayasuriya, 1992) who point to the absence of reference to
environmental and non-renewable resource issues in the extensive
literature on development economics, despite the fact that resource
depletion and environmental degradation are major issues in develop-
ing countries; and Mishan (1977, p. 399) who concludes that ‘no
economic criterion can produce acceptable answers to the distribution
problem’.

In the context of benefit-cost analysis, Layard (1972, p. 39) asks ‘Is
it really right that projects should be judged exclusively in terms of
their effects on those now living?’; Lind (1990, p. S-21) considers that
in the absence of the possibility of intergenerational compensation, the
benefit-cost logic is much less compelling; and Ferejohn and Page
(1978, p. 274) suggest that ‘discounting requires fundamental rethink-
ing as a choice rule’.

The aim in this paper is to review the role of the discount rate in
benefit-cost analysis and the impact of the net present value efficiency
criterion on long-lived projects. Issues of intergenerational equity and
irreversibility are considered, and approaches are canvassed. Finally,
the paper ends with a summary and conclusions in which it is recog-
nised that the underlying aim of project evaluation is more informed
decision making.

The Role and Impact of the Discount Rate

The most commonly used investment criteria in benefit-cost
analysis (BCA), viz., the net present value (NPV), the benefit-cost
ratio (B/C) and the internal rate of return (IRR), can be shown to
generale equivalent outcomes. Preference, however, is usually given
to using NPV and B/C for a number of reasons (see Mishan 1976, ch.
29 for a discussion of this issue). If funds or resources are limited, IRR
and the other two BCA criteria may not be equivalent (Tisdell, 1972,
ch. 21) and inconsistent rankings may result (Pearce, 1983).

The discounting of net benefits in each future time period back to
the present allows ready comparison of the NPV of different projects
at a common point in time. In effect the discounting process is
equivalent to assigning temporal weights to benefits and costs as they
accrue over time. The fact that these weights decline into the future is
at the core of the debate about the relevance of BCA to the analysis of
intergenerational equity.

The rationale for the use of the discounting process on efficiency
grounds is quite clear. Individuals invariably will prefer $1 today
rather than $1 at a given time in the future. One reason for this
preference is that a $1 today can be invested and earn a return, so that
it will with accrued returns be worth more than $1 at a given time in
the future. A second and related reason is that individuals as consumers
regard $1 worth of consumption now as being of greatcr value or utility
than the same $1 worth of consumption at a given time in the future.
It should be noted that these $1 values are expressed in rcal terms. In
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nominal terms, present values would be preferred to an even greater
degree by rational individuals than the same values in the future
because of the effect of inflation. Therefore, the discount rate may be
viewed as the price of postponing consumption to some future date,
given that savings and investment are equivalent to and act as the
vehicles for postponing present consumption.

To measure the economic cost or price of an activity, it is the
opportunity cost which is relevant in economic analysis. The question
then arises as to whether the rate of discount representing the oppor-
tunity cost of public investment should be preferred to the discount
rate representing the postponement of consumption by society, i.e. the
social rate of time preference. In an ideal economy, characterised by
perfect competition, certainty, no transactions costs, no taxes, and no
restrictions on credit, the two rates would be equal. Indeed, not only
would market prices be a measure of opportunity cost in such an
economy, but the consumption rate of interest (i.e. the marginal rate
of time preference for individuals) would equal the marginal rate of
return on investment, represented by the market rate of interest. As-
suming each individual had the same consumption rate of interest, then
the social rate of time preference would also equal the market rate of
interest. In other words, evaluation of public investment using the NPV
criterion could make use of the market rate of interest as the discount
rate.

In the second-best world in which we live, however, BCA is not
quite so straightforward. Market imperfections and constraints in the
economy cause the allocation of resources to be sub-optimal. The
presence of corporate taxes and personal taxes causes a marked diver-
gence between the after-tax rate of return, which may be taken as a
measure of the marginal rate of time preference, and the equivalent
return which corporations must earn (i.e. the marginal rate of return
on private investment) to yield that after-tax return. Lind (1982b, pp.
28-35) discussing this issue shows with a simple example that given a
corporate tax rate of 50% and an average personal tax rate of 25% a
private firm would need to earn at least 16% on its investment to yield
an after-tax return of 6%. To the extent that 6% represents a risk-free
return on say long-term government bonds, then private firms whose
operations are necessarily risky in nature would require to earn an even
higher return for typically risk-averse investors.

It may be concluded that with the present tax system there will be
inevitably a gap between private rates of return on investment and the
social rate of time preference or consumption rates of interest of
individuals. It does not necessarily follow, however, that the oppor-
tunity cost of public investment is significantly higher than appropriate
rates of time preference and hence that the relevant social rate of
discount should also be correspondingly higher.

The crowding out of private capital investment is generally seen as
a key issue in the choice of discount rate (Lind, 1990). But the
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opportunity cost of public investment will depend on the type of

private expenditure which is displaced, viz., consumption or invest-

ment expenditure.® Lind (1982b) argues that a lower rate of interest
should be used for evaluating public investment that displaces con-
sumption than for public investment which displaces private invest-

ment. He also makes a case for public investment in projects with a

lower rate of return than the marginal rate of return in the private

sector. To support his argument, Lind cites the following factors:

« the existence of corporate and personal tax rates, which result in diver-
gence between the consumption rate of interest and the marginal rate of
return in the private sector;

» the range of investments considered appropriate for government being
restricted, with many of these yielding less than the marginal rate of return
in the private sector; and

» effective, politically acceptable policies for increasing private investment
to optimal levels not being available, i.e., private investment levels
remaining sub-optimal as long as the prevailing tax regime continues.

Lind (1982b, p. 35) also argues that both consumption and invest-
ment will be displaced by public invesiment because the macro-
economic conditions required for a one-to-one displacement of private
investment invariably will not be met. Given fixed corporate and
personal taxes, and deficit financing, a one-to-one displacement will
occur only if (a) there is full employment, (b) consumption is unaf-
fected by changes in the interest rate and (c) money supply is adjusted
to maintain equilibrium between the money market and the market for
goods at the full employment level.

It may be concluded that the opportunity cost of public investment
will generally be (but not always) a combination of displaced con-
sumption and displaced investment. The view that the social rate of
discount should be an appropriately weighted average of the consump-
tion rate of interest and the marginal rates of return on private invest-
ment has wide support (Dasgupta and Maler, 1989, p. 237; Harberger,
1972; Lind, 1982b, p. 35; Marglin, 1963a, 1963b; Mishan 1976, ch.
40; Sjaastad and Wisecarver, 1977).

However, Feldstein (1964, 1972) opposes the use of a weighted
average rate on practical grounds. He argues that the scarch for a
‘perfect’ formula to specify the social time preference rate is futile. In
the presence of corporate and personal taxes, there is no single rate
that can represent both time preference and opportunity cost. In addi-
tion, Feldstein observes that a social time preference function must

3 Feldstein (1972) makes a distinction between the opportunity cost in the ideal
situation and a predictive opportunity cost in the second-best situation by pointing out
that the opportunity cost is not the value of resources in the best alternative to which
these resources could be put, but the actual opportunity cost is their value in the
alternative use to which they would have been put.
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reflect public policy and social ethics as well as judgement about
economic conditions.

A major problem is that neither the impact of public investment
decisions on private capital formation, nor how government invest-
ment affects individual savings and investment decisions is fully
understood (Lind 1982b, pp. 91-92). Lind acknowledges (p. 90) that
‘... touse the benefit-cost methodology in the policy process, we have
to give up elegance, generality, and to some degree the pursuit of
optimality.’

He goes on to point out (pp. 90-91) that ‘the practical problem . . .
is that in a second-best world, where different projects may be under-
taken under various sets of conditions and where risk is taken into
account, it may well turn out that every project will require a different
discount rate. This situation is simply not consistent with the practical
requirements for the use of benefit-cost analysis’ (see also James et
al., 1989; Lind, 1990). This issue also arises with optimal growth
models. Different discount rates may be generated for different
projects (Lind, 1990) and for different resources (Quiggin, 1992),

Thus, essentially there are two approaches which might be adopted
for taking account of opportunity cost and risk:

« adjustment of the rate of discount; and
» adjustment of benefits and costs.

The adjustment of the discount rate to deal with uncertainty in
assessing the long term benefits of resource use is an approach advo-
cated for example by Gijsbers and Nijkamp (1988). The social rate of
discount would vary over different time periods, different projects and
different effects. However, Quiggin (1992) argues that this approach
is particularly inappropriate when projects involve long-term environ-
mental costs. This is an issue which is taken up again in the following
sections.

Lind (1982b) concludes that for practical reasons it is preferable to
adjust benefits and costs and to use a risk-free rate of discount. He
states (p. 22) ‘it can be demonstrated that the appropriate adjustments
for risk and the opportunity cost of capital frequently cannot be made
correctly by a straightforward adjustment in the discount rate’ and
concludes ‘if the social discount rate were set equal to the social rate
of discount in a riskless world then the opportunity cost and risk
associated with a public investment could alternatively be accounted
for by making the appropriate adjustments in the benefits and costs
rather than further adjustments in the social rate of discount’ (p. 22).
This view is supported by James et al. (1989); Markyanda and Pearce
(1988); and Pearce et al. (1989, ch. 6).

On this basis the approach proposed by Lind is to scale up that
proportion of public expenditure which displaces private capital for-
mation, using a shadow price of capital as the multiplier. The social
rate of discount is set equal to the consumption rate of interest
measured as the after-tax rate of return based on market securities
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avatilable to investors. Feldstein (1964, p. 247) also argues for use of
the social time preference rate, on the basis that the social opportunity
cost ‘must also itself reflect the STP function’ (italics in original), and
the use of a shadow price mechanism to allow for the social oppor-
tunity cost of funds.* In terms of practical evaluation, this approach
possesses advantages over the alternative of adjusting the discount
rate, and goes some way to defusing the debate over choice of discount
rate. Scaling up costs would be broadly equivalent in impact on the
NPV to increasing the discount rate r.

The use of the social time preference rate as the social discount rate
encounters the practical problem of measurement. Marglin (1963a)
observes that a private market rate is inadequate for measuring the time
preferences of individuals and because of cxternality effects, has ‘no
normative significance’ (see also Lind, 1990). Feldstein (1964, p. 247)
also concludes that the social time preference rate cannot be derived
on the basis of existing market rates, but ‘must be administratively
determined as a matter of public policy.’

An alternative approach taken by Kula (1984c) is to estimate em-
pirically rates of social time preference. On the basis that ‘risk of dcath
appears to be the most powerful case for discounting future utilitics’
(p. 880; see also Feldstein, 1964; Munasinghe and Lutz, 1991, p. 32),
he uses average annual mortality rates to gencratc average prob-
abilities for survival. These are then used to derive social time
preference rates for the United States and Canada.’

The proposal by Lind (1990) is perhaps more helpful for benefit-
cost analysts seeking a readily available social discount rate. He
proposes using the government’s borrowing rate as the discount rate
‘for most government projects’, whilst for privately funded capital
costs he recommends use of the ‘appropriate private rate of interest’.
This proposal is based on the observation that ‘recent evidence’ indi-
cates ‘one can make a strong argument that it is appropriate to analyze
public investment and expenditure decisions as if they do not have a
significant impact on investment through crowding out’ (pp. S15-16).

Estimates to illustrate the impact of choice of discount rate and
length of project life on NPV values are presented in Table 1. Two
aspects are evident from the data in the Table. With a positive rate of

4 Ritson (1977, p. 294), in advocating use of an STP rate, comments “What meaning
can be attributed to a decision which takes into account the welfare of unbom individuals
in any way other than the collective concern of the present generation for the welfare of
future generations (which can be thought of as welfare enjoyed by the present generation
because of knowledge that future generations will receive some expected degree of
satisfaction).” He suggests that ‘the interests of future generations can be recognised by
the use of a social time preference rate which is lower than market rates, and which
reflects the present generation’s view of the needs of unborn generations.’ In the absence
of the use of a shadow pricing mechanism for opportunity cost and risk, such a proposal
may be regarded, however, as a further example of discount rate adjustment.

5 Kula (1985) has also estimated a social time preference rate for Britain,
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discount, the NPV declines at a constant proportional rate, with the
absolute rate of decline decreasing over time. A second aspect is that
NPV declines as the discount rate increases, with the decline again
being at a constant proportional rate, and the absolute change decreas-
ing as the discount rate increases. It can be seen that the combined
impact of a high discount rate and a long time horizon on NPV is severe
with a project life in excess of 30 years and a discount rate of 10% or
more rendering the present value of distant benefits to be virtually
zero. The data in Table 1 illustrate the validity of the observation by
Dasgupta (1982, p. 278) that ‘a positive rate of pure time preference
tilts the balance overwhelmingly against generations in the distant
future’.®

TABLE 1
Impact of Selected Discount Rates and Project Life on NPV of
$1000 Payable at End of Project

Discount Rate
Project Life
(years) 0% 5% 10% 15%

$ $ $ $

20 1000 377 149 61

30 1000 231 57 15

40 1000 142 22 3

50 1000 87 9 1

100 1000 8 0.07 -

Up to this point in the paper, the focus has been on the goal of
efficiency in the allocation of resources. In this context it has been
concluded that the social rate of discount to be used in evaluation of
public investment projects should be at least as high as the marginal
rate of time preference (MRTP). If the social discount rate i1s adjusted
for opportunity cost and risk, it may be substantially higher. A second
conclusion has been that use of such a positive social discount rate
{either MRTP or the adjusted rate) discriminates against future genera-
tions and that investment decisions based on the NPV criterion will
favour shorter-term projects over longer-lived projects which generate
the same undiscounted total benefits.

6 In this sense, discrimination can be interpreted as the biasing of choice towards
projects which generate benefits for the present generation. An anonymous reviewer has
offered two alternative meanings of discrimination. One is that a positive discount rate
disenfranchises future generations; the other that it reduces the consumption set of future
generations. The latter is not of course a necessary outcome of efficient discounting by
the present generation, whilst the former is consistent with the view taken here. It is not
clear how future generations can be enfranchised however. This reviewer also makes
the interesting observation that the composition of future generations is a function of
the present generation’s policies (Parfit’s paradox), and perhaps reinforces the view that
the rights of future generations must be determined in any case by the current generation.



1992 EVALUATING LONG-LIVED PROJECTS 215

Nevertheless, the use of a positive discount rate for achieving the
efficiency goal cannot be faulted. To quote Sharefkin (1982, p. 320)
‘Not wanting to discount is, in a sense, like a government not wanting
to have a fiscal policy — a logical impossibility’. This view is sup-
ported by Chisholm (1986), Kirby and Blyth (1987) and Pearce ef al.
(1989) who argue strongly in favour of a positive discount rate. The
critical question is whether an efficiency-based approach to the choice
of discount rate can accommodate the goal of intergenerational equity.

The Issue of Intergenerational Equity

Intergenerational equity is concerned with fairness and justice be-
tween generations (see Rawls, 1971), and is frequently used interchan-
geably with sustainable development (Pezzey, 1989). Definitions of
intergenerational equity relate to maintenance between generations of
welfare or utility, typically expressed in terms of per capita consump-
tion, or endowment of resources or capital stock (for a review, see
Pezzey, 1989, Appendix 1). Solow (1986) for example, building on the
work of Hartwick (1977, 1978a, 1978b) and Solow (1974) shows that
the maintenance of a constant consumption stream is, with appropriate
assumptions including the re-investment of rents from extraction of
exhaustible resources, equivalent to the maintenance of a constant
asset base (see Perrings, 1991; Quiggin, 1992 for further discussion).

The allocation of resources between generations is clearly a dis-
tributional question which inevitably involves ethical values. Solow
(1986, p. 141) poses the ‘basic’ question ‘how much of the world’s —
or a country’s — endowment of nonrenewable resources is it fair for
the current generation to use up, and how much should be left for
generations to come who have no active voice in the contemporary
decisions?’ He goes on to comment (p. 142) that such a question is
‘dangerously narrow’ since the current gencration does not ‘especially
owe its successors a share of this or that particular resource’. The
composition of the intergenerational bequest, Solow claims, is ‘more
a matter of efficiency than equity’, although he makes an exception in
the case of the preservation of natural beauty which is ‘more a question
of direct consumption than of instrumental productive capacity’. He
concludes that ‘recognition of substitutability or fungibility converts
a matter of “simple justice” into a complicated question of resource-
allocation.’ The issue of substitution lies at the heart of the intergenera-
tional equity and sustainability debate because it impinges directly on
the nature of the compensation which the current generation makes to

.future generations for resource use and depletion.

There is a view that we need not be overly concerned with the
interests of future generations since future generations will be far
better off materially than the present generation. Mishan points out
(1976, p. 200) ‘this would be so even if the rate of net investment were
to fall to zero provided technological innovation, which is chiefly
responsible for per capita growth in economically advanced countries,
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continued into the future’. Sweeney (1982, p. 309) makes a similar
point in stating ‘Only a relatively small rate of technological progress
is needed to insure against doom in the economy’. Rosenberg (1976,
p. 280) takes up this theme by observing that ‘the potential flexibility
and adaptability of advanced industrial economies is vastly
underestimated’ and refers to the ‘dynamic interactions between tech-
nological change and natural resources’ and ‘the whole range of
additional adaptations which are a mixture of pure technological
change, redesigning and substitution.™

Although critics of the ‘Doomsday School’, exemplified by Meadows
et al. (1972), effectively countered the naive concerns about resource
depletion, (see Lloyd, 1980 for references), by pointing to factors such
as technical progress, factor substitution, exploration and greater ef-
ficiency as responses to price incentives arising from increasing scar-
city, Quiggin (1992) identifies a number of positive outcomes from the
Limits to Growth debate — the shift of attention from resource deple-
tion to the absorptive capacity of the planet to assimilate waste and the
increased prominence given to distributional issues, particularly inter-
generational equity, and the gap between rich and poor nations. It is in
this context that Lind (1982a, p. 13) rejects the view that future genera-
tions will be wealthier because of technical progress. Resource deple-
tion, major environmental degradation and the impact of wastes,
effluent and residues ‘have dampened our optimism about the prospects
of future generations. We no longer believe that they, necessarily, will
be wealthier than we are’. Whilst research and development has the
potential to produce substitutes for the depleted resource base, R and D
with only distant benefits will not be economic under BCA. In addition,
the BCA criterion does not seem appropriate for evaluating an option
which imposes catastrophic environmental costs in the distant future
because a very low weight would be placed on such a consequence.

To analyse the issue of the intertemporal allocation of resources,
Solow (1986, p. 142) proposes the standard optimal growth model as
a ‘natural vehicle for an economics theorist’ (see also Industry Com-
mission, 1991, p. D32). Whilst this approach has been useful in
providing ‘intuitively appealing “rule of thumb” policy implications’
(Jayasuriya, 1992), including the efficient investment of resource rents
(the Hartwick rule), the lack of empirical realism of the assumptions
has attracted criticism.®

7 Rosenberg also comments that ‘the main tradition in economics has never paid
extensive attention to technological change’ (1986, p. 19), and ‘most thinking about the
role of natural resources in economic growth continues to be excessively static’ (1976,
p- 280).

8 The Industry Commission (1991) for example expresses the view that the simplifica-
tion and information requirements of optimal growth models are so burdensome that
conclusions can only be considered robust in their most general form. For an attempt to
overcome these problems using optimal control techniques, see Chapman, 1987.
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The assumption of substitutability between natural and reproducible
(man-made) capital has been perceived as a major limitation, and
implies that natural resource stocks could be ‘driven to a tiny fraction
of their current levels without reducing human welfare” (Perrings,
1991). In addition, the treatment of risk and uncertainty is viewed by
Quiggin (1992) as unsatisfactory, whilst Barbier (1989) draws atten-
tion to the narrow focus of conventional optimal growth analysis. He
suggests (p. 87) a broader view is needed to encompass not only
depletion but also degradation, pollution and the provision of essential
services. Three key environmental functions need 1o be considered —
the provision of materials and energy, the assimilation of waste and
the provision of essential consumptive and productive services, e.g.
recreation, life support, ecological and climate maintenance, and
biodiversity, which are mainly non-market and characterised by dis-
continuous threshold effects. The work of Krautkramer (1985, 1986)
and Maler (1974) has broadened the conventional approach by incor-
porating environmental preservation and environmental quality, but a
more comprehensive approach is required which integrates the
economic and environmental systems (Barbier, 1989, p. 94).

Common and Perrings (1992) comment that the Hartwick rule is
‘less a criterion for sustainable development than a condition for the
efficiency of intertemporal resource allocation’. They conclude that
the conditions for Solow sustainability and those required for ecologi-
cal stability are ‘largely disjoint’, and suggest that the role and rights
of present individuals must be circumscribed by the requirements of
the ecological system where the latter are threatened by the former.
This tension between global and local rights is exemplified currently.
by the debate on ozone depletion and climate change.

The limitations of the optimal growth approach have led Pearce et
al. (1989) to extend the intertemporal equity criterion (that capital
stocks should not be reduced) to apply to stocks of environmental
resources at a disaggregalted level in recognition of the limited degree
of substitutability between man-made capital and many forms of
natural resources. Such disaggregation opens the possibility for the
insights of the optimal growth and sustainability literature 1o be ap-
plied at the project evaluation level, and perhaps a basis to respond
constructively to the question of the adequacy of benefit-cost analysis
to encompass intergenerational equity concerns, and in particular the
role of the discount rate.

The question of equity raises a series of distributional and ethical
issues which are ignored by the efficiency criterion embodied in BCA,
which in turn is based on the Parcto efficiency criterion of utilitarian
welfare economics. To quote Sharefkin again (1982, p. 320) ‘Pareto
efficiency may be an inappropriate restriction in computing discount
rates appropriate o fair intertemporal plans’.

The inadequacy of utilitarian welfare economics to address equity
issues 18 effectively illustrated by Sen (1982, p. 346) using an example
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of the potential Pareto improvement criteria applied to torture.” Sen
concludes that the evaluation of investments and the choice of relevant
social discount rates requires a deliberate ethical exercise. It is not
sufficient merely to undertake BCA. This view is supported by
Dorfman (1982, p. 358) and Lind (1982c, p. 457). The question then
arises whether the BCA approach can be refined or adjusted to take
account of inter-generational equity concerns.

Given that a positive discount rate discriminates against future
generations, Lind (1982a) poses the question (p. 12): ‘if we were
egalitarian among generations living now and in the future, wouldn’t
this require that we use a zero rate of discount in benefit-cost
analysis?’. In addressing this question Mishan (1976) takes an affirm-
ative stance (p. 209): ‘whenever inter-generation comparisons are
involved, as they may be in determining the rate of depletion or
destruction of a non-renewable asset, it is as well to recognise that
there is no satisfactory way of determining social worth at different
points in time. In such cases a zero rate of time preference, though
arbitrary, is probably more acceptable than the use today of existing
individual’s rate of time preference or of a rate of interest that would
arise in a market solely for consumption loans’. The use of a zero
discount rate in evaluating long-lived projects to avoid disadvantaging
future generations is also supported by Ramsey (1928) and Hatch
(1985).

Mishan (1976) however qualifies his position in discussing the
evaluation of a project to establish a national park (pp. 284-285). He
sees no justification for discounting future benefits to be enjoyed by
generations to come in the exceptional case where the land in question
has no alternative use. ‘If on the other hand, there are indeed alterna-
tive uses for the piece of land, or if resources have to be diverted from
the production of other goods in order to create a desirable park the
case is otherwise’. Mishan goes on to recommend use of the private
yield on investment as the appropriate rate (p. 285).

This apparent confusion may however be explained by returning to
the distinction between issues of efficiency and equity. It seems clear

9 Sen’s example is reproduced as follows:
Given W, (0, W, (), W, (D), W, (s)

t social state with torture

s social state without torture
then the social state £ with torture will make & worse off, and i better off than the so-
cial state s without torture i.e. W, (£) < W, (s) and W{£) > W, (s ). But suppose
W, (t)-W,(s)>W,(s)= W, (1), Le. the torturer gains more than the heretic loses
from being tortured. Under the potential Pareto improvement criterion, torture would
be supported.

where W = level of welfare or utility
h = heretic
i = inquisitor



1992 EVALUATING LONG-LIVED PROJECTS 219

that Mishan (1976) was addressing the efficiency question in relation
to the national park evaluation, whilst his comment on inter-genera-
tional comparisons is directed to the question of equity.

In the context of environmental resources, the issue of irreversible
change provides an extreme example of intergenerational inequity.
Accepting that BCA with a positive discount rate is not appropriate for
dealing with distributional issues, then we may ask whether BCA with
a zero discount rate could be used for evaluating projects or activities
involving irreversible change. In so far as the stream of benefits and
costs can be measured, and to the extent that future generations are not
discriminated against by use of a zero discount rate, then this may be
a possible option. However, there is no or only very limited informa-
tion on the values which will be held by the next generation, far less
subsequent generations!? and that a zero discount rate is, as Mishan
observes, an arbitrary choice. Page (1977a, p. 152) for example argues
that a zero discount rate is not necessarily egalitarian because of
productivity growth, and that if the discount rate is set equal to the rate
of productivity growth, then the optimal growth of consumption
through time is ‘totally egalitarian’.

The use of a zero discount rate in effect provides an extreme
example of adjusting the discount rate. The earlicr discussion on
adjusting the discount rate to account for risk and uncertainty applies
with equal force to proposals to adjust the discount rate for reasons of
equity or environmental resource preservation. However, this has not
deterred analysts from making such proposals — see for example
Gijsbers and Nijkamp (1988).

One approach which has been presented and claborated on in a
serics of papers by Kula (1981, 1984a, 1984b, 1985, 1986) has been
labelled the sum of discounted consumption flows (SDCF). The SDCF
approach applies a modified discounting procedure to the stream of
benefits and costs over the life of a project. The modification is based
on the premise that individuals in the population who receive benefits
from the project will not discount future benefits before they are born,
and hence different discount factors (1/(1 + r)") will apply to new
recruits to the population over time, compared with the individuals
living at the date of commencement of the project. For computational
purposes, individuals in the population are grouped by age cohort and
a weighted average discount factor computed for each year. Population
composition projections for future years are derived on the basis of
life expectancy data. The weighted average discount factor for each
year is then used to discount the estimated net benefits for that year,
and the discounted net benefits are summed over the life of the project.
The social discount rate used is a social time preference rate. Each

10 Dasgupta and Maler (1989, p. 236) in acknowledging that the preferences of future
generations are unknown, comment that ‘this is a problem we have to live with, quite
irrespectively of the discounting procedures’.
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generation is treated equally using the SDCF approach, Kula claims,
and hence the discriminatory approach of BCA is avoided. A graphic
comparison of the discount factors (1/(1+r)") for each of the BCA and
SDCF approaches corresponding to the estimates presented in Table 1
for a 10% discount rate, is shown by Kula (1984a) and the difference
between the two is labelled the ‘discrimination gap’. The discrimina-
tion gap represents the difference in the values of the discount factor
used in BCA for each year in the life of the project and the correspond-
ing discount factor used in SDCF. The difference reflects the fact that
for SDCF, discounting for new recruits to the population commences
only from the date of entry to the population rather than from the date
of the commencement of the project, as in BCA. The outcome is that
the NPV computed under SDCF will be larger than under BCA, and
longer-lived projects in particular will be more favourably treated.

The approach developed by Kula is a highly innovative attempt to
examine simultaneously the efficiency and equity issues in project
evaluation. Inevitable assumptions are made about the value sets of
individual members of future generations. Essentially these are set
equal to those of the present generation, just as for BCA. A potential
problem with the SDCF approach is the heavy data requirement for
identifying those members of society who will benefit from a project,
and how that group’s composition will change over the life of the
project. It is also not clear that the SDCF approach provides an
adequate analysis of both the equity and efficiency issues." From
society’s viewpoint, the goal of efficient resource allocation requires
only the selection of projects which will generate the maximum net
benefits 1o society. The use of opportunity cost measures will ensure
that the evaluation procedure achieves this goal for a given point in
time. The distribution of benefits among the individuals who make up
the population now and in the future has been viewed conventionally
as an equity question and has been considered separately from the
efficiency question. Age is not the only factor which enters the equity
calculus. Other factors such as income and wealth and the identifica-
tion of gainers and losers are also usually deemed to be important. To
the extent that BCA is consistent with the efficiency criterion it would
be preferred to the SDCF approach because it is less demanding of
data. Similarly, to the extent that equal treatment of generations is
desirable in evaluating the net benefits of a project, the use of a zero
discount rate will achieve that aim and is again less demanding of data
than SDCF. On the other hand, resolution of the equity question
requires more information than is provided by SDCF.

11 An anonymous reviewer (see also footnote 4) notes that the SCDF has unusual
ethical properties in that a society seeking to maximise the present value of future
consumption will choose an extreme pro-natalist policy — maximising the birth rate
and eliminating all people beyond reproductive age, subject to competition for human
resources between child rearing and production of goods and services.
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A more serious criticism, which applies to all proposals for lowering
the discount rate with the intention of reducing discrimination against
future generations, is that the outcome will be to undermine the
achievement of the efficiency and equity goals. At the stroke of a pen,
alower or zero discount rate will make a range of development projects
economically viable which previously, under an appropriate higher
discount rate, would not have been undertaken. In addition, Pearce et
al. (1989) observe that such an outcome is likely further to degrade the
environment and hence use of lower discount rates will be
counterproductive to the goal of inter-generational equity. Common
(1988, ch. 8) provides an example in which it is demonstrated that
lowering the discount rate can increase the net present value of an
environmentally damaging project. In other words, modifying the
discount rate in this way will tend to worsen rather than improve the
Situation.

An alternative is to view the underlying problem as one of valuation
rather than of discounting (Industry Commission, 1991, p. D32).
Dasgupta and Maler (1989, p. 236) for example comment that if the
environment has a very great value for the current gencration, that will
be reflected in the value of the benefits. Presumably, this valuation
would reflect the desire of the current generation to bequest to future
generations a certain level and quality of environmental resources.

More typically however, the benefits and costs associated with
irreversible change in environmental resources cannot be measured
because they are unpriced, or because estimates of value in terms of
willingness to pay to preserve the resource in question are not avail-
able.!? In such a situation, Bishop (1978) has advocated that a safe
minimum standard (SMS) be adopted for the renewable resource in
question. In other words, the benefit of the doubt should be given to
preservation and against the alternative involving irreversible change,
unless the social cost is unacceptably high (see also Chisholm, 1986,
p. 16). Such an approach is consistent with the conservative approach
implied by the concept of quasi option value in the environmental
economics literature, and the ‘basic insight’ that ‘continued preserva-
tion is more likely to be optimal if the passage of time can be expected
to yield more information about the resource preserved’ (Clarke, 1991,
p- 8)

The SMS approach may be viewed as in accord with the desire of
individuals to leave a minimum legacy for their offspring and would
be equivalent to applying a constraint on the goal of efficient resource
allocation. Such a proposal is also clearly in accord with the views of
Sen (1982) and Dorfman (1982) that ethical decisions cannot be
avoided to resolve issues of this kind. The SMS approach, however,

12 For areview of approaches to measuring willingness to pay for unpriced environ-
mental resources, see Pearce ef al. (1989, ch. 3) and Young, R. (1992).
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represents ‘a philosophy rather than a specific evaluation procedure
since it provides, at best, only an incomplete decision criterion’
(Clarke, 1991, p. 49; see also James et al., 1989). For example, strict
application of SMS may have prevented the industrial revolution and
the development of modern commercial agriculture because of species
extinctions and habitat destruction, and Clarke (1991, p. 54) wonders
whether such developments were ‘unambiguously a mistake’. Uncon-
vinced, he suggests (p. 55) a ‘better general approach may be to use
conventional cost-benefit analysis . . . but to impose constraints on the
choice set which rule out particularly risky options.” Examples cited
include ‘the establishment of wilderness reserves, quotas on pollution
emissions and other types of restrictive quotas (perhaps based on
biological rather than specifically economic information) which
guarantee that resource use will not exceed threshold levels where
catastrophic effects are anticipated.’

Pearce et al. (1988, 1989) also advocate a constrained maximisation
approach to resource use choices by application of weak or strong
sustainability criteria. Under the weak sustainability criterion, the
discounted PV of the sum of environmental damage across a set of
projects making up a program would be required to equal zero or be
negative on the basis that it would not be feasible for such a constraint
to be applied to each project. For the strong sustainability criterion,
environmental damage is constrained to be non-positive for each
project and for each period of time.

The sustainability criteria are thus incorporated in the BCA as side
constraints. Pearce et al. (1989, p. 128) attempt to give an operational
definition of sustainable development in terms of maintaining the
capital base. The BCA formula which might then be applied t0 a
portfolio of i projects would become:

2EX@B,~-C,-E)- (1+n~

st. Z,PV(A)2Z PV (E) forE;<0
in the case of the weak sustainability constraint;

or LA, 2XE, forallzandallE,<0
in the case of the strong sustainability constraint

where: E are environmental costs or bencfits
(E; < 0 are environmentally depleting projects); and

A, is the value of the jth environmentally compensating project.

If the net benefits of a program of development projects are positive
and some of the projects in the program incur environmental damage,
then compensation would be required in the form of environmentally
enhancing projects.

As an exercise in constrained optimisation, the computational and
data problems may present major barriers to practical application of
these criteria, even if all variables including constraints can be ex-
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pressed in value terms (see Pearce et al., 1988).'% For practical evalua-
tion purposes, it seems likely that a number of sustainability con-
straints will be required to represent the sustainability/inter-
generational equity goal, and that one or more of these will be ex-
pressed in physical rather than value terms. If inter-generational equi-
ty, for example, is expressed in terms of maintenance of the capital
asset base, then a number of overlapping dimensions to that base can
be described. These include renewable and non-renewable resources,
natural and man-made capital, and global and local environmental
resources. The constraints by which each of these would be repre-
sented are likely to differ and will vary between projects. Given that a
general equilibrium approach may not be feasible, it may be necessary
to order the constraints hierarchically to make a BCA operational,
although as Hoehn and Randall (1989) point out, component benefits
are not unique and vary with the valuation sequence. In other words,
the value of benefits will be influenced by the priority ordering of the
constraints.

In the case of depletable resources, there is the possibility of apply-
ing the Hartwick rule. An attempt is made by Mikesell (1989) to make
it operational as a way of achieving the goal of inter-generational
equity in a BCA framework.* The depletable component of the
resource rent is re-invested to avoid capital consumption and is defined
by Mikesell (p. 293) as ‘the difference between the present value of
the annual net revenues assumed to continue ad infinitum and the
present value of the annual net revenues to the termination of the
project’. This definition of exhaustion rent does not explicitly take
account of substitutes for the non-renewable resource, and the values
referred to will presumably reflect the presence or potential of such
substitutes. Lloyd (1991) cites induced innovation and backstop tech-
nology as determinants of exhaustion rent, while Krautkramer (1986,
p. 146) comments that ‘the survival of the economy and the optimality
of permanent preservation will depend upon continuing flows of sub-
stitute inputs for the non-renewable resource from either backstop
technologies or renewable resources’.

The constraint of not reducing the capital asset base implies the need
to maintain an inventory of non-renewable resources and encounters

13]n arecent analysis, Hoehn and Randall (1989) demonstrate that conventional BCA
systematically overstates net benefits. This is because, in practice, the productive
capacity of an economy imposes a bound on the valid measure of net benefits over all
proposals and this bound is not taken account of in conventional BCA since BCA
proposals are typically evaluated independently of each other. In citing the example of
species preservation, Hoehn and Randall (p. 550) point to ‘the nontrivial benefits for
each of a limited number of representative species’ and the fact that there are ‘literally
hundreds of thousands of species in danger of extinction’. To overcome the problem of
bias, they suggest a coordinated approach to BCA evaluation is necessary.

14 Surprisingly, Mikesell makes no reference to the optimal growth literature in his

paper.
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the historical experience of resource substitution, a factor which has
been effectively used to counter the predictions of the so-called
Doomsday School (see Lloyd, 1980). Lloyd (1991) questions the value
of generating such an inventory, particularly because many resources
which may possess significance in fifty or more years have not been
identified yet as being resources, and cites the case of bauxite, for
which a wide range of mineral clays now substitute in the production
of aluminium. Such a view, however, is in conflict with the advocates
of natural resource accounting (see, for example, Reppetto, 1988;
Australian Bureau of Statistics, 1990; and Young, M. D., 1990) who
argue the need for such an inventory to help avoid the inciusion in
national measures of welfare of items of income which are in fact
capital consumption, e.g. natural resource depletion.

For most environmental resources there is a dearth of data on the
status of such resources, far less what constitutes a sustainability
criterion or standard. A major scientific effort will be required to
resolve this problem.!* However, at least conceptually, one might
proceed to evaluate projects in a staged analysis. The first stage could
be devoted to the identification of relevant sustainability constraints,
and the second stage might be the identification of the efficient set of
~rajects which pass the sustainability criteria.'® Quiggin (1992, p. 14)
observes that such procedures ‘are far from meeting the prescriptions
of optimal development thcory’, but concedes that ‘in most, though
not all, cases, these modifications will move the outcome closer to the
optimum’.

Pending the resolution of data and computing problems, there may
be little choice other than to opt for compensating policy adjustment."’
Compensating policy adjustment essentially amounts to adopting a
rights approach for looking after the interests of future generations.
The National Conservation Strategy of Australia (1983) advocates a
stewardship role by the present generation in managing environmental
resources. Such a role provides an affirmative response to the question
raised by Sen (1982, p. 344): ‘Do future generations have a right 10
enjoy natural resources that the present generation is depleting rapidly?”.

In this context, Page (1982, p. 375) makes the plea: ‘If we could
define environmental rights for future generations and if our encrgy
and other long term planning were designed to protect these rights,

15 The ESD process initiated by the Commonwealth government and the work on
the enhanced greenhouse effect by the Intergovernment Panel on Climate Change (see
Industry Commission, 1991, Appendix C for references) provide examples of what is
currently being done.

16 Page (1977b) proposes a procedure which deals with the two stages in the reverse
order to that suggested here.

17 In similar vein, Young, M.D. (1992) refers to a search being on for ‘overlapping
consensus about the types of social and economic policies that promote sustainable
forms of investment and resource use.’
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then, I think the criticism of discounting, on the grounds of intertemporal
equity, would largely disappear’. He makes the qualifying observation
that ‘A rights approach does not mean that we abandon discounting; it
simply means we have a place for both’.

The adoption of this type of approach amounts to the application of
a policy constraint on traditional project evaluation. In terms of con-
fronting the inter-generational equity issue this would amount to
taking the ‘deliberate ethical’ decision referred to earlier. Given that
the Australian Commonwealth and State Governments, with the excep-
tion of Queensland, have endorsed the National Conservation Strategy
of Australia, there exists an in principle demonstration of the ethical
decisions having been made. In the case of the Murray-Darling Basin,
the Ministerial Council for the Basin has explicitly announced
resource management goals relating to conservation of environmental
resources and preservation of sensitive ecosystems. The more recent
ratification of the Montreal protocol on ozone depletion, the adoption
of an interim planning target to stabilise emissions of greenhouse
gases, subject to no net adverse economic impacts, and various other
initiatives at Commonwealth and State levels (see Industry Commis-
sion, 1991, Appendix B) provide substantial signs that the interests of
future generations are not being ignored and that the stewardship role
is being taken seriously.

The adoption of explicit sustainability criteria to circumscribe pur-
suit of the efficiency goal as well as a compensating policy adjustment
approach amount to acknowledgement that the efficiency and equity
goals need to be addressed separately. The use of multiple objective or
criteria models thus provide a further framework for considering
project evaluation in the context of the efficiency and equity goals
(Munasinghe and Lutz, 1991, pp. 27-31; Resource Assessment Com-
mission, 1992). Indeed, the idea of treating equity and efficiency as
dual criteria is by no means new. Little (1950) proposed a Pareto test
and a distributtion test for the economic criterion and the non-economic
criterion respectively. The adaptation of the scoring framework
developed in CSIRO for research priority assessment as discussed by
Young, R. (1990) provides a relevant example.

More generally, Clarke’s exhortation (1990, p. 58) that resource
conservation issues should not be avoided because they are ‘complex
and profoundly ambiguous with ethical and empirical problems com-
pounding each other’, and that ‘the imperative of reaching decisions
does not justify substituting philosophical speculation for difficult and
inconclusive analysis’ seems particularly appropriate and worthy of
support. Whilst such a situation may be perceived as implying a
reduced role for professional economists in the decision making
process, there are in fact likely to be major opportunities available for
those wishing to widen their horizons and to work in collaboration with
professionals from other disciplines.
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Concluding Comments

Despite unresolved questions relating to the use of BCA, there is
widespread acceptance of the usefulness of BCA for assessing
economic efficiency in project evaluation. ‘In short, benefit-cost
analysis is not a precise tool but rather, is a crude tool that can identify
projects that are clearly losers or winners’ (Lind, 1982b, p. 88). Where
the economic decision is not clear, ‘it is perhaps appropriate that the
decision be made on political grounds’.

On the question of inter-generational equity, Lind (1982¢) points
out that ‘benefit-cost analysis by itself has never been a tool for
resolving issues of equity’ (p. 457). The ethical question is unavoidable
and information additional to that provided by BCA is required.

On the basis of the assessment of the approaches canvassed earlier,
some conclusions may be drawn about their usefulness in analysis. Of
the approaches involving a modified or adjusted discount rate, includ-
ing the use of a zero rate of discount, there appears to be broad
agreement that an adjusted rate is not appropriate for analysing ef-
ficiency questions related to project evaluation. There seems o be a
fair degree of agreement that the discount rate should be represented
by a social time preference rate, and that a shadow pricing mechanism
should be used to take account of factors such as opportunity cost, and
risk and uncertainty. The social time preference rate might be
measured by the relevant government borrowing rate.

An appropriately adjusted rate may have potential merit a priori for
examining equity questions because discrimination against future
generations in benefit-cost comparisons seems to be avoided. Such a
rate does not ensure, however, that the bequest of resources to the next
generation is of equivalent quantity and quality to that enjoyed by the
present generation and hence its application in relation to issues of
inter-generational equity is of doubtful validity.

The adjustment of the net benefits strcam appears in principle to be
a viable alternative to adjusting the discount rate. It was pointed out
earlier that the scaling up of costs to account for risk and opportunity
costs was equivalent 10 increasing the discount rate for the same
purpose. Similarly, the net benefits could be scaled up in a manner
equivalent to reducing the discount rate to allow for inter-generational
equity. The absence of any concrete basis for a scaling-up factor,
however, would place heavy reliance on sensitivity analysis without
any clear prior guideline as to which alternative is preferable. The
observation that the problem is one of valuation rather than discount-
ing may assist in giving greater credibility to BCA, but the focus is
still the efficiency goal. More accurate valuation of environmental
resources will not avoid the fact that discounting discriminates against
future generations, and hence the equity problem is not directly con-
fronted.

The option of adopting a safe minimum standard (SMS) applies
most clearly to preservation cases and situations of irreversibility. The
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approach advocated by Bishop (1978) does not specify any explicit
evaluation of benefits and costs. However, the constraining contingen-
cy of unacceptable social cost implies the necessity of undertaking
project evaluation. Randall (1985) advocates the application of the
SMS logic to every preservation issue with the qualification that
decisions be made with full cognisance of the opportunity costs of
maintaining SMS and the results be made public. Essentially, the SMS
approach can be viewed as a constrained BCA approach in the sense
that BCA in the context of the efficiency goal should be applied to
preservation issues, subject to the constraint that the SMS level be
maintained. An ethical judgement is required to resolve the equity
question of whether the SMS will actually be adopted.

A further approach under the constrained BCA option is the applica-
tion of substainability criteria as proposed by Pearce et al. (1988,
1989) and others. At the present time, it seems unlikely that the data
demands and the computational requirements will easily be met in an
optimisation framework. A more feasible approach may be to specify
that an ecologically sustainable environment is a binding goal or
constraint on the pursuit of an economically efficient maximum. In
choosing amongst resource use options, sustainability criteria could
be applied in a pragmatic way, for example, by adjusting a program of
investments which has met the extended BCA criterion such that
overall net environmental damage is as close to zero as possible, as a
result of adopting into that program particular projects which generate
environmental benefits to offset any damage which is incurred. Until
agreed standards or rules on sustainable resource use and relevant
supporting data become available, this more pragmatic approach is
essentially equivalent to a compensating policy adjustment approach
under which rights are assigned either explicitly or implicitly to future
generations, and efficiency outcomes are circumscribed by the results,
for example, of environmental impact assessments. This type of ap-
proach approximates some of the resource-use, decision-making proces-
ses currently in place.

To move to a more informed process of decision making, priority
will need to be given to the collection of primarily non-economic data.
There are encouraging signs from the recent inquiry concerning
resource use conflicts in the forests of southeastern Australia by the
Resource Assessment Commission (1991) that the community is
prepared to be persuaded by well-presented hard data. To take the
further step of identifying optimal outcomes will require a major
advance in modelling techniques. Again there are encouraging signs
with the planned development of a dynamic model of the economy
such as the Monash model'® to encompass technological and environ-

18 A teamn led by Professor Peter Dixon, Director of the Centre of Policy Swdies at
Monash University, is currently developing the Monash model, a dynamic successor to
the ORANI model.
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mental components, and the prospect of links with complementary
modelling efforts such as the refinement of the MENSA model by the
Australian Bureau of Agricultural and Resource Economics.'

In the meantime, for purposes of empirical analysis, there would
seem 1o be no alternative to continuing to examine the goals of
efficiency and equity separately. For decision making, the two issues
should of course be considered together. Weighing one against the
other is an ethical responsibility which lies with the decision maker.
The responsibility of the analyst is surely to make the decision maker
as fully informed as possible by contributing to and guiding rather than
pre-empting the decision which is ultimately made.
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