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1 INTRODUCTION

We are now in the midst of the third wave of
social concern since World War II about the
implications of natural resource availability and
environmental change for the sustainability of
improvements in human well-being.

The first wave of concern in the late 1940s and
early 1950s focused primarily on the quantitative
relationship between resource availability and
economic growth. The response to this first wave of
concern was technical change in raw material
production. The second wave of concern, in the late
1960s and early 1970s, focused on the rising
demand for assimilation by the environment of
residuals derived from growth in commodity
production and consumption — primarily at the
local and regional level. Since the mid 1980s, these
two early concerns have been supplemented by a
third. This more recent concern centers around the
implications for environmental quality, food
production, and human health of a series of
environmental changes such as global warming,
ozone depletion, acid rain, and others that are
occurring on a transnational scale. Before actions
to resolve these more recent challenges to
sustainable economic growth are taken, a number of
unresolved issues must be confronted to allow a
commitment to this resolution to be translated into
an internally coherent reform agenda. In this note,
I discuss three of these issues.

2 ISSUE OF SUBSTITUTABILITY

One area where our knowledge is inadequate is
with respect to the role of technology in widening
the substitutability among natural resources and
between natural resources and reproducible capital.
Economists and technologists have traditionally

viewed technical change as widening the possibility
of substitution among resources (of fertilizer for
land, for example) (Solow 1974; Goeller and
Weinberg 1976). The sustainability community
rejects the "age of substitutability" argument. The
loss of plant genetic resources is viewed as a
permanent loss of capacity. The elasticity of
substitution among natural factors and between
natural and man-made factors is viewed as
exceedingly low (James, Nijkamp, and Opschoor
1989; Daly 1991). This is an argument, in
economists' language, over the form of the
production function. If a combination of capital
investment and technical change widens the
opportunity for substitution, imposing constraints
on present resource use could leave subsequent
generations less well off. On the other hand, if real
output per unit of natural resource input is
narrowly bounded (i.e., cannot exceed some upper
limit that is not too far from where we are now),
catastrophe is unavoidable. While the argument
between adherents to these two views is often cast
in philosophical terms, empirical research should
lead toward a convergence. But since the data
needed to resolve the issue will never be adequate,
continued disagreement can be expected.

3 ISSUE OF OBLIGATIONS TOWARD
THE FUTURE

The second issue is one that has divided
traditional resource economists and the
sustainability community. That is the issue of how
to deal analytically with the obligations of the
present generation toward future generations. The
issues of intergenerational equity is at the center of
the sustainability debate (Pearce, Barbier, and
Makrandaya 1990; Solow 1991). Environmentalists
have been particularly critical of the approach used
by resource and other economists in valuing future
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benefit and cost streams. The conventional approach
involves the calculation of the "present value" of a
resource development or protection project by
discounting the cost and benefit stream by some
"real" rate of interest (i.e., an interest rate adjusted
to reflect the costs of inflation).

The critics insist that this approach results in a
"dictatorship of the present" over the future. At
conventional rates of interest, the present value of a
dollar of benefits 50 years into the future
approaches zero. "Discounting can make molehills
out of even the biggest mountain" (Batie 1989,
p. 1092). Solow has made the same point in more
formal terms. He notes that if the marginal profit
(marginal revenue less marginal cost) to resource
owners rises more slowly than the rate of interest,
production is pushed nearer in time, and the
resource would be exhausted quickly (Solow 1974,
p. 3; Lipton 1991).

A question that has not been adequately
answered is this: As a result of the adoption of a
widely held sustainability "ethic," would the
market-determined discount rates decline toward
the rate preferred by those advancing the
sustainability agenda?1 Or would it be necessary to
impose sumptuary regulations in an effort to induce
society to shift the income distribution more
strongly toward future generations? It is clear, at
least to me, that in most countries, efforts to
achieve sustainable growth must involve some
combination of (1) higher contemporary rates of
saving (i.e., deferring present consumption in favor
of future consumption) and (2) more rapid technical
change, particularly technical changes that will
enhance resource productivity and widen the range
of substitutability among resources.

4 ISSUE OF INCENTIVE-COMPATIBLE
INSTITUTIONAL DESIGN

A third area in which knowledge needs to be
advanced is the design and implementation of
institutions that are capable of internalizing (within
individual households, private firms, and public
organizations) the costs of actions that generate the
negative spillover effects (i.e., the residuals) that
are the source of environmental stress. Under
present institutional arrangements, important
elements of the physical and social environment

continue to be undervalued for purposes of both
market and nonmarket transactions. Traditional
production theory implies that if the price to a user
of an important resource is undervalued, it will be
overused. If the price of a factor (the capacity of the
atmosphere to absorb greenhouse gases, for
example) is zero, it will be used until the value of
its marginal product to the user approaches zero.
This condition will be true, even though it may be
imposing large social costs on society.

The dynamic consequences of failure to
internalize these costs are even more severe. In an
environment characterized by rapid economic
growth and changing relative factor prices, failure
to internalize resource costs will bias the direction
of technical change (Ruttan 1971). The demand for
a resource that is priced below its social cost will
grow more rapidly in this environment than in a
situation where substitution possibilities are
constrained by existing technology. As a result,
"open access" resources will undergo stress or
depletion more rapidly than they would in a world
characterized by a static technology or even by
neutral (unbiased) technical change.

The design and implementation of incentive-
compatible institutions (institutions capable of
achieving compatibility between individual,
organizational, and social objectives) remain, at this
stage, an art rather than a science. The incentive
compatibility problem has not been solved even at
the most abstract theoretical level.2 This deficiency
in institutional design and implementation capacity
is evident in our failure to institute policies capable
of achieving contemporary distributional equity,
either within countries or among rich and poor
countries. It impinges with even greater force on
our capacity to design institutions capable of
achieving intergenerational equity.

5 AN UNCERTAIN FUTURE

In closing, I would like to emphasize how far we
are from being able to design either an adequate
technological or an adequate institutional response
to the issue of how to achieve sustainable growth.
At present, there is no package of technology that
can ensure the sustainability of growth in
production at a rate to meet the demands that are
being placed on either developed or developing
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countries. Sustainability is appropriately viewed as
a research agenda rather than as a guide to practice
(Ruttan 1988; Graham-Tomasi 1991).

At present, the sustainability community has
not been able to advance a program of institutional
innovation or reform that can provide a credible
guide to the organization of sustainable societies.
We have yet to design the institutions that can
ensure intergenerational equity. Few would
challenge the assertion that future generations have
rights to levels of sustenance and amenities that are
at least equal to those enjoyed (or suffered) by the
present generation. They also should expect to
inherit improvements In institutional capital
(including scientific and cultural knowledge) needed
to design more productive and healthy
environments.

My conclusion with respect to institutional
design is similar to that which I have advanced in
the case of technology. Economists and other social
scientists have made a good deal of progress in
contributing the analysis needed for "course
correction." But capacity to contribute to
institutional design and implementation remains
limited. The fact that the problem of designing and
implementing incentive-compatible institutions
(institutions capable of achieving compatibility
between individual, organizational, and social
objectives) has not been solved at even the most
abstract theoretical level means that institutional
design proceeds in an ad hoc trial-and-error basis
and that the errors continue to be expensive.
Institutional innovation and reform should
represent a high-priority research agenda.

6 END NOTES

1. The question of the impact of the use of a
positive discount (or interest) rate on resource
exploitation decisions is somewhat more complex
than often implied in the sustainability
literature. Simply lowering the discount rate to
favor the natural resource sector will not ensure
slower exploitation of natural resources if the
market rate of interest remains high.
Recipients of the lower interest rates may
transfer the revenue from resource exploitation
to investments that have higher rates of return

rather than reinvesting to sustain the flow of
resource benefits. Furthermore, high rates of
resource exploitation can be consistent with either
high or low interest rates. In the case of forest
exploitation, for example, a low discount rate favors
letting trees grow longer and planting trees that
take longer to grow. On the other hand, a low
discount rate will make it profitable to invest in
mineral exploitation, land and water development,
or other investment projects that might otherwise
be unprofitable. That is why, in the past, resource
economists and environmentalists have argued in
favor of higher interest rates on public water
resource projects (Norgaard 1991; Price 1991;
Graham-Tomasi 1991). As an alternative to lower
discount rates, Mikesell (1991) suggests taking
resource depletion into account in project benefit-
cost analysis.

2. The concept of incentive compatibility was
introduced in a 1972 paper by Hurwicz (1972).
In that paper, he showed that it was not
possible to specify an infonnationally
decentralized mechanism for resouice allocation
that simultaneously generates efficient resource
allocation and incentives for consumers to
honestly reveal their true preferences. For the
current state of knowledge in this area, see
Groves, Radner, and Reiter (1987).
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