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ECONOMICS AND "SUSTAINABILITY:"
 

BALANCING TRADEOFFS AND IMPERATIVES
 

by
 

Michael A. Toman and Pierre Crosson
 

Abstract
 

The concept of "sustainability" has been increasingly invoked in
 

scholarly and public policy debates since the 1987 publication of the World
 

Commission on Environment and Development Report that asserted the need for
 

"...development that meets the needs of the present without compromising
 

the ability of future generations to meet their own needs." Discussion has
 

been hampered, however, by uncertainty and lack of uniformity in the
 

meaning of sustainability. In particular, economists and ecologists
 

generally have very different interpretations of sustainability. The
 

result is misunderstandings and lost opportunities for narrowing scholarly
 

or policy differences.
 

In this paper we seek to clarify the disparities between economists
 

and ecologists in the interpretation of sustainability, and to begin
 
identifying some common ground between the two disciplines. We consider
 

three issues that seem salient in the debates between ecologists and
 

economists: requirements for intergenerational equity, the definition of
 

"social capital" -- the legacy to be provided to future generations -- and
 
the total scale of human resource-using activity relative to global
 

resource capacities.
 

We propose that a concept of "safe minimum standard," which has
 

received at least some recognition in both the ecology and economics
 

literatures, may provide the beginnings of a common ground for debate about
 

the sustainability literature.
 



ECONOMICS AND "SUSTAINABILITY:"
 

BALANCING TRADEOFFS AND IMPERATIVES
 

Concerns about the possible misuse of natural resources (including the
 

environment) and about the natural legacy being left for future generations
 

are 	becoming drawn together under the heading of "sustainability." The
 

concept of sustainability has been increasingly invoked in scholarly and
 

public policy debates since the publication in 1987 of a report by the World
 

Commission on Environment and Development (WCED, known less formally as the
 

"Brundtland Commission"). That report asserted the need for ". ..development 

that meets the needs of the present without compromising the ability of
 

future generations to meet their own needs" (WCED 1987, p. 43). Since the
 

issuance of that report there has been growing discussion of this objective
 

and of different ways it might be achieved.
1
 

Discussion has been hampered, however, by uriertalnty and lack of
 

uniformity in the meaning of sustainability. The ambiguity, 4s perhaps
 

understandable since, as Norgaard (1988) and Dixon and Fallon (1989) point
 

out, the term initially referred to the physical condition of specific
 

resources (e.g., sustained-yield timber cutting) but is now being used to
 

address broad concerns of entire socioeconomic ard ecological systems.
 

However, the ambiguity seems to go deeper than this. As we argue in the
 

next section of the paper, economists and ecologists generally have very
 

different interpretations of sustainability. These differences are poorly
 

1. 	The September 1989 issue of Scientific American, entitled "Managing
 
Planet Earth," was devoted to sustainability issues. The journal
 
Futures also had a special issue (December 1988) on sustainable
 
development, and the concept now is found in textbooks on resource and
 
environmental economics (see, e.g., Tietenberg 1988 and Pearce and
 
Turner 1990).
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understood by partisans on the two sides. The result is misunderstandings
 

and 	lost opportunities for narrowing scholarly or policy differences.
 

In this paper we seek to clarify the disparities between economists and
 

ecologists in the interpretation of sustainability, and to begin identifying
 

some common ground between the two disciplines. Our hope is that by at
 

least providing some common vocabulary, unnecessary divisiveness can be
 

avoided. Our underlylag premise is that sustainability is an important
 

issue for both research and policy, though (contrary to some partisans) we
 

do not believe all the directions for policy are clear. Without a better
 

understanding of the concept, statements about policy action become at least
 

somewhat suspect and the concept is threatened with being seen as trivial.2
 

Three issues seem salient in the debates between ecologists and
 

economists. The first is the nature of the responsibility to future
 

generations, i.e., the requirements for intergenerational equity.3 The
 

second is the definition of what we term "social capital" -- the legacy to
 

be provided to future generations. The third concerns the total scale of
 

human resource-using activity relative to global resource capacities.
 

These issues, which clearly are interrelated, are discussed in the next
 

section of the paper. In the third section we propose that a concept of
 

"safe minimum standard," which has received at least some recognition in
 

both the ecology and economics literatures, may provide the beginnings of a
 

2. 	The problems ste,.ming from fuzzy definition seem well illustrated here
 
by the following quotation, taken from a recent conference report: "We
 
need a more clear understanding of sustainable development, both in
 
concept and in practice. But both concept and practice can move in
 
parallel. There are development and environmental projects underway
 
which are fully consistent with sustainable development."
 

3. 	Questions of intragenerational equity also figure prominently in many
 
discussions of sustainability. However, these debates are more
 
familiar, and to keep the paper more manageable we do not address them
 
here.
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common ground for debate about the sustainability literature. The fourth
 

section of the paper attempts to illustrate the preceding conceptual
 

discussion by makipg reference to sustainability issues in agriculture. The
 

fifth and concluding section offers suggestions for further research.
 

Before developing our arguments further we offer some caveats regarding
 

their scope. As already noted, sustalnability has come to mean many things
 

to many people. Our concern is with the issue at a fairly abstract level,
 

with a focus on global prospects over the very long (multigenerational)
 

term. We do not directly address the other context in which the term
 

sustalnabillty often is used, that of individual developing countries with a
 

more immediate (one-generation-ahead) time horizon. However, we believe our
 

discussion also has relevance for such issues. 
The other main caveat is
 

that we approach the issue of sustalnability from the standpoint of economic
 

well--being, broadly defined. Some writers (e.g., Norgaard 1988, White in
 

press) suggest that addressing global change and sustainability ultimately
 

requires considering a wide range of issues that cut across social and
 

biological sciences. Whatever the merits of such an approach, it is well
 

beyond the scope of the present paper.
 

KEY ISSUES IN A SUSTAINABILITY DEFINITION
 

Intergenerational Equity
 

The previously given quotation from the Brundtland Commission Report
 

suggests that intergenerational equity is a critical issue in defining
 

sustainability. However, economists and ecologists tend to have very
 

different views of this issue. The familiar approach to 
this issue in
 

economics extends the logic of time preference for members of one generation
 

to an intergenerational preference ordering in which the utilities of future
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generations are discounted. This approach is broadly consistent with an
 

important philosophical principle known as "methodological individualism,"
 

which underlies both utilitarian value systems and contractarian (rights

based) value systems undergirding democratic political liberalism.
 

According to this principle, it is logically difficult if not impossible to
 

assess benefits and harms, and thus define rights or obligations, for
 

amorphous future individuals whose very being is determined by our actions.
 

It follows that while rights and obligations can te defined for members of
 

the 	present generation, the obligations of the present to potential future
 

individuals (and the reciprocal rights of these individuals) become more
 

attenuated, the farther into the future we consider the obligation and the
 

less "identifiable" future individuals become.
5
 

Despite its grounding in methodological individualism, a strict
 

application of intergenerational discounting seems to run afoul of some
 

basic intuitive notions of fairness. The criterion can imply ruination of
 

future gnerations exposed to the prospect of resource exhaustion (in the
 

absence of countervailing technological progress) or the risk of large,
 

irreversible, long-gestation environmental damages (Dasgupta and Heal 1979;
 

Kneese and Schulze 1985; Pezzey 1989). Page (1977, 1983, 1988) has shown
 

that the discounted present value criterion for intergenerational welfpre is
 

4. 	The papers in Lind (1982) provide a wide-ranging discussion of
 
intragenerational and intergenerational discounting. The discussion
 
continues in a compilation of papers published as part of the March 1990
 
Journal of Environmental Economics and Management.
 

5. 	See Baier (1984) for further discussion of methodological individualism.
 
The logical difficulty of assigning rights to future individuals is
 
referred to in the philosophy literature as identity problem or Parfit's
 
Paradox (Parfit 1983a). Philosophers such as Passmore (1974) and
 
Golding (1972) have concluded that we cannot define obligations of the
 
present to distant future generations. Even proponents of a greater
 
current rerponsibility to the future recognize the difficulty of making
 
inability this case solely on the basis of individual rights (see, e.g.,
 
Norton 1982).
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dictatorial in the Arrow (1963) sense, giving absolute power over resource
 

use to the current generation. This can lead to a sort of Antergenerational
 

dynamic inconsistency in plans for resource use, in that future generations
 

would seek to revise the plans of the current generation if they were able
 

to. These observations are troubling, since the requirements that an
 

intergenerational social preference ordering be nondictatorial and
 

dynamically consistent (in the sense just described) would seem to be
 

reasonable requirements for fairness.
 

A sharply contrasting view to methodological individualistic logic is
 

expressed by "organicist" philosophers, ecologists, and a few economists.
 

Adherents to the organicist view acknowledge the logical difficulty of
 

assigning rights to potential indiviuals in the distant future, but they
 

see the obligations of the present as going beyond individual rights to
 

entail protection of entire systems -- ecological systems and the human
 

species as a whole (Leopold 1949, Lovelock 1988, Callicott 1989, Page 1983,
 

Norton 1982, 1986, 1989). This position emphasizes the safeguarding of
 

evolutionary, ecological processes which contribute to human survival and
 

advancement, quite apart from the consumption or existence values
 

individuals might place on specific resources. 
 It is relatively hostile to
 

intergenerational discounting of all values (Parfit 1983b).
 

The organicist position also has been justified by extending the logic
 

of Rawls' (1971) "veil of ignorance" (see Norton 1989). In Rawls' original
 

thought experiment, individuals who did not know what position in life they
 

might occupy would adopt a social contract to protect the least well off.
 

Extending this reasoning to an intergenerational time frame, if individuals
 

do not know what generation they might occupy, and whether that generation
 

might face resource impoverishment or ecological catastrophe (even
 

nonexistence) as a result of its predecessors' actions, they will seek to
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protect a viable ecological system and a resource base capable of meeting
 

human needs (allowing for the possibility of technical progress to increase
 

natural resource productivity and otherwise economize on use of the most
 

scarce resource inputs).
6
 

Note that this view does not imply the necessity of eschewing
 

discounting across generations. However, discounting would be limited to
 

the 	rate of growth in the capacity of the resource base to support economic
 

activity, through augmentation of renewable and technical advance (see Page
 

1977). Greater discounting would imply excessive resource use in the
 

present.
 

Protection of the ecological system and resource base is a different
 

criterion for social planning than the Rawlsian "maximin" criterion which
 

has been explored in the resource economics literature (e.g., Solow 1974,
 

Hartwick 1977), despite some similarities. The maximin approach is
 

concerned with the distribution of individual utility levels across
 

generations and thus confronts the problems posed by methodological
 

individualism which we discussed above.7 In contrast, the organicist
 

approach is (in varying degrees) nonindividualistic, emphasizing the state
 

of natural systems and the preservation of options for the future rather
 

than a specific utility distribution.
 

The organicist approach also has significant limitations. One
 

important one is that since market-oriented, democratic societies are built
 

6. 	See also Weiss (1989), who argues for an intergenerational social
 
contract for resource preservation.
 

7. 	A strict application of the maximin approach also has the drawback of
 
implying an equal distribution of individual utilities across
 
generations -- what Solow (1986) refers to as a prescription for
 
stagnation. Pezzey (1989) illustrates how this problem can be avoided
 
by requiring individual utilities to be nondecreasing over time, so that
 
the future can be better than the past.
 



7
 

upon basically individualistic institutions, nonindividualistic obligations
 

to 
the future may not be easily expressed by such institutions (especially
 

markets). 
 The principle of resource base preservation also is a coarse
 

filter that begs many questions. While it may screen out ecological
 

catastrophes, how do we cope with smaller-scale harms? 
 And how are threats
 

of ecological degradation to be balanced against the threats of economic
 

stagnation which may result from excessive risk aversion in 
resource use?
 

We return to these points in subsequent parts of the paper. For the
 

moment, it suffices 
to say that despite much study and debate, neither the
 

economics, philosophy, or ecology literatures provide a concept of
 

intergenerational equity which commands widespread agreement, let alone
 

means for implementation. There is 
a need for much additional work in this
 

area.
 

The Composition of Social Capital
 

The legacy of resources left by the current generation to its
 

descendants consists of many things 
-- natural resources and the
 

environment, physical capital (objects created by human beings), and human
 

knowledge and abilities. 
This diversity requires us to contemplate which
 

resources will be used up, saved, and augmented. Ecologists and economists
 

also tend to have differing views on this issue.
 

Consistent with the organicist perspective, many ecologists emphasize
 

the need for special protection of natural resources, and natural systems,
 

in order to safeguard ecological robustness and thus the continuation and
 

quality of human life. 
In this view there is particular concern with
 

damages that not only are large but also are irreversible. Again, this view
 

goes beyond the value of natural resources and the environment in satisfying
 

human consumptive demands. 
 It asserts a basic lack of fungibility between
 



8
 

ecological resources and other components of social capital. This view also
 

maintains a skepticism about the importance of technical innovation in
 
8
 

augmenting social capital.


The standard approach in resource economics, as illustrated in a recent
 

paper by Dasgupta and Maler (1990), emphasizes the value of social capital
 

rather than the size of any components. A comprehensive definition of
 

"national income" can be made which includes both the value of current
 

economic flows and the value of changes in components of social capital.
 

Where market data ate not applicable, the valuation of stock changes is done
 

using shadow prices which reflect the present value of future consumption
 

changes resulting from the stock changes. Thus, if current consumption
 

degrades the environment the cost can be netted out of current income
 
9
 

flows.
 

Through its use of a criterion based on the present value of utility
 

from consumption, this approach to defining social capital is
 

methodologically individualistic. But the more important contrast with the
 

organicist view is that the standard economic approach singles out no
 

component of social capital for special consideration; rather it allows the
 

maximum scope for tradeoffs among capital components including growth in
 

human knowledge and ability. Thus, for example, special concern over
 

environmental degradation would be warranted because its shadow cost is high
 

relative to the cost of amelioration -- which may indeed be true for
 

8. 	In addition to its adherents among ecologists and philosophers, this
 
view is supported by a small number of economists (see Daly 1990, Daly
 
and Cobb 1989).
 

9. 	In more technical terms, this approach entails constructing a
 
Hamiltonian function for (utilitarian) social welfare where the state
 
variables are components of social capital and the co-state variables
 
are the shadow prices.
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nonmarket environmental resources -- but not because environmental resources
 

have some larger fundamental importance.1
0
 

One consequence of these differences in perspective is that economists
 

and ecologists often operate at different levels of aggregation when
 

considering social capital and sustainability. The use of (market or
 

shadow) prices to define a common value metric for capital in the standard
 

economic approach tends to lead to aggregation across resources, regions,
 

and time. In contrast, even when expressing concern about global
 

sustainability, ecologists often emphasize specific resources (e.g., soils)
 

or specific regions (e.g., poor agricultural developing countries).
 

Aside from their differences, both attitudes toward the definition of
 

social capital confront serious implementation problems. The problems with
 

the organicist approach already have been noted -- it is a coarse filter,
 

with difficulties in clearly identifying exactly which components of social
 

capital should command special attention. The practical problems in
 

integrating ecological processes into income accounting and adequately
 

assessing shadow values of social capital components are no less daunting.
12
 

10. We should note that efforts have been made to find a middle ground
 
between the extremes described in the text. For example, Pearce,
 
Markandya, and Barbier (1989) claim a special role for natural resources
 
because of their limited substitutability with physical capital (it
 
takes the former to make the latter) and their significance in the
 
development of poorer countries. The authors discuss how benefit-cost
 
calculations might be altered to reflect sustainability goals (as they
 
define them) together with the special role of natural resources.
 
However, many of the policy prescriptions involve changing prices to
 
internalize externalities, especially those associated with nonmarket
 
goods. These recommendations would be embraced by many economists with
 
little specific concern for sustainability (and they might well be
 
viewed as irrelevant by more partisan ecologists). As Pezzey (1989) has
 
shown, internalizing environmental externalities is not a sufficient
 
condition for sustainability.
 

11. We thank Tom Tietenberg for drawing our attention to this point.
 

12. Daly and Cobb (1989, Appendix) attempt to construct a new national
 
welfare measure, the Index of Sustainable Economic Welfare. Their
 

(continued next page)
 

http:daunting.12
http:importance.10
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Both approaches are hampered by deep uncertainties about those elements of
 

social capital which more distant generations are likely to more highly
 

value.
 

The Scale of Human Activity
 

This area of controversy between economists and ecologists is in many
 

ways a corollary of disagreements about int-ergenerational equity and the
 

resource legacy to be left to the future. At one extreme, Daly and Cobb
 

(1989) and Page (1990) are convinced that human demands on the total
 

ecological system's "carrying capacity" already threaten human well-being,
 

even before allowing for the large added demands on carrying capacity that
 

will result from future population growth. This view is shared by many
 

ecologists as well. The conclusion which follows from this perspective is
 

the need for great efforts to rein resource use as well as population.
 

The response by many resource economists to this argument is that
 

global ecological "carrying capacity" is not an exogenous datum but depends
 

on a host of human interactions, not least of which is technical progress to
 

augment productivity of the resource base by reduced waste and input
 

substitution. Consequently, the scale of human activity is not inexorably
 

bound by current resource availability. "Resources do not exist, they
 

become" is one version of the hoary aphorism; in particular, human behavior
 

will respond to resource scarcity appropriately registered in a price
 

system. This line of thinking is illustrated by Baumol (1986), who
 

discusses how "effective" consumption of a nonrenewable resource might be
 

maintained or even expanded over time by technical innovation, even while
 

(continued from previous page)
 
discussion reveals the difficulty in any calculations (including their
 
own) in extending conventional income accounts to reflect degradation of
 
the resource base.
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physical use of the resource is declining. Simon (1981) is an even more
 

forceful advocate of the view that resource limits are not a serious issue.
 

A middle ground in this debate is illustrated by the work of Ayres and
 

Kneese (1969, 1989). These authors also hold a concern about resource
 

depletion and degradation. They note that the overall economic-ecological
 

is a closed system with respect to materials use, so more rapid use of
 

resources enlarges the stream of residuals back into the environment.
 

Because of the second law of thermodynamics, the components of this
 

residuals stream inherently are of lower quality than the resource stocks
 

prior to use. Thermodynamic constraints also limit substitution between
 

resources and physical capital. For these reasons, Ayres and Kneese favor
 

less "dissipative" patterns of materials use.
 

On the other hand, they note that the earth is not a closed system with
 

respect to energy availability, but rather receives net energy input from
 

the sun. This net solar flux Is the key, they argue, to ameliorating the
 

thermodynamic constraints discussed above. 
While energy availability does
 

impose some ultimate limt on carrying capacity, the effective capacity can
 

indeed be enlarged by technical progress in reducing thermodynamic waste in
 

energy use and in using energy to exploit lower-grade materials while
 

preserving environmental conditions. 
Ayres and Kneese are not prepared to
 

accept the more apocalyptic vision of Daly and others, but they acknowledge
 

that forestalling ecological constraints will require unprecedented rates of
 

increase in technical ingenuity -- particularly with a burgeoning
 

population.
 

Differences in level of aggregation typically divide economists and
 

ecologists in assessing the scale issue, just as 
they do in assessing social
 

capital. 
 Economic analyses tend to emphasize not only resource substitution
 

but spatial mobility of resources and people. As we note below in our
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discussion of agricultural and sustainability, taking into account such
 

mobility tends to shift the debate toward global sustainability of the
 

resource base while deemphasizing constraints on sustainability faced by
 

specific regions. In contrast, ecologists tend to place more weight on the
 

autonomous sustainability of particular regions or resource sectors. This
 

view seems to reflect a combination of concerns about anthropological and
 

other noneconomic values (e.g., protection of indigenous culture), intrinsic
 

concerns about specific resources, and other factors.
 

This discussion of the scale problem sets the stage for our
 

introduction of the safe minimum stcndard concept and for our illustrative
 

observations concerning sustainable agriculture in the next two sections of
 

the paper. For the moment we simply note that the scale problem cannot be
 

fully treated without relating it to the issue of intergenerational
 

obligations. If our concern were solely for resource adequacy and welfare
 

of the present generation, then problems of resource degradation could be
 

viewed just as (possibly subtle or vexing) problems of market failure. It
 

is the introduction of concern over intergenerational fairness where there
 

is a (albeit a highly uncertain one) of irreversible ecological harm to the
 

future, and resource demands may be expected to grow over time, which makes
 

the issue so complex.
 

RECONCILING TRADEOFFS AND IMPERATIVES
 

In this section we seek to provide some common vocabulary for
 

economists and ecologists to use in debates over resource protection. Our
 

focus here is on issues related to the composition of social capital and the
 

scale of human activity, as discussed above. The issue of intergenerational
 

responsibility also is central to the concept of sustainability, as we have
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noted, but the philosophy literature seems to be providing the needed
 

language for addressing this concern.
 

The discussion in the previous section suggests that many ecologists
 

and environmental philosophers 
are more willing than economists generally
 

would be to invoke moral imperatives limiting individual opportunities for
 

resource use. 
Resource economists would acknowledge the existence of
 

externalities (related to individualistic resource valuations) which require
 

correcting price signals, but once such price corrections are made they
 

would generally favor leaving resource use decisions to be determined by
 

individual incentives. In an effort to bridge this gap, we sketch below a
 

version of the "safe minimum standard" approach to resource protection which
 

we believe has credibility for both disciplines. This approach does not by
 

any means resolve disagreements about "where to draw the line" in resource
 

preservation, but it does seem to offer a useful framework in which the
 

questions can be considered.
 

To begin the exposition we note that the future impacts on the resource
 

base and ecological system of current human activity can be characterized by
 

many criteria. Economists tend to consider opportunity cost, risk, and
 

sometimes uncertainty. Ecologists tend 
to be concerned with diminution of a
 

natural system's physical attributes (size, performance, robustness) and
 

with the reversibility of negative impacts.
 

For our illustration of the safe minimum standard approach, we focus on
 

two attributes of impact. One is expected cost, where cost can be
 

interpreted as opportunity cost by economists or a physical measure by
 

ecologists. The other is irreversibility, which can be seen as implicitly
 

reflecting uncertainty about future system performance and value to humans
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reflecting our current expectations about foreclosing options.1
3
 

as well as 


These attributes seem to be a simplified but reasonable representation of
 

ecologists' concerns which also carry meaning for economists.
 

Figure 1 brings together these two dimensions. Heuristically,
 

different broad categories of impacts can be thought of regions in this two
14
 

dim-asional space. The shape of these regions reflects at ledst some
 

substitutability between cost and reversibility: human society and the
 

ecological system can bear more irreversible impacts if the expected costs
 

are lower. Damage to the future -- and thus, the potential violation of
 

responsibility to the future -- inciases as one moves from southeast to
 

northwest in the diagram. The northwest corner represents extinction of the
 

species, while the southeast corner reflects minor, short-term impacts which
 

both the ecological system and the economy can routinely manage. In between
 

are different gradations of impacts, as shown.
 

Where a particular impact is located in the diagram depends on the
 

observer's assessment of cost and reversibility, and these assessments will
 

depend on the observer's value judgments about future interests and
 

circumstances as well as external facts. Nevertheless, it is generally true
 

that as one moves from southeast to northwest in the diagram, the case for
 

unfettered individual resource tradeoffs and individualistic allocations
 

(especially through markets) becomes more attenuated, while the case for
 

applying overarching moral imperatives to constrain resource use and protect
 

the ecological base grows. One can imagine a (fuzzy) line that divides the
 

13. 	A more detailed treatment would include uncertainty as a separate
 
dimension, but for our present purposes the simple dichotomy in the text
 
should suffice. We are grateful to Bryan Norton for suggesting this
 
diagrammable approach.
 

14. This diagram is purely heuristic; no effort is being made to indicate
 
even an ordinal ranking of impacts, let alone a cardinal ranking.
 

http:options.13
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box into two regions, as shown in Figure 2. To the northwest of this line
 

the imperatives operate, while to the southeast individual incentives and
 

tradeoffs (including discounting) are given a relatively free rein
 

(externalities would still be internalized in the price system in this
 

region).
 

We have thus sketched the broad outlines of a two-tier conceptual model
 

for considering intergenerational resource management and preservation. The
 

first step involves drawing the line in Figure 2 by identifying those
 

resource systems and impacts in the northwest sector which require more
 

protection than even an efficient market allocation will provide in order to
 

protect fundamental interests of future generations, and determining the
 

level of protection to be accorded. The second step allows the normal
 

processes of market exchange and individual political interest-seeking to
 

operate in the southeast portion of the diagram.
 

The procedure we have sketched responds to ecologists' concerns that
 

the existence of critical resources be acknowledged, and it provides a means
 

by which questions about the carrying capacity of the entire ecological

economic system can be brought into sharper focus. The approach also can
 

command some respect among economists. In particular, this kind of critical
 

resource or system demarcation is similar to the safe minimum standard (SMS)
 

of conservation originally proposed for protecting individual resources (see
 

Bishop, 1978 and Ciriacy-Wantrup, 1952). The SMS establishes for resources
 

identified as critical a presumption in favor of preservation, unless the
 

cost of doing so is intolerably high.15 Evidence of the potential appeal of
 

a two-tier approach is provided by the fact that one can find in the
 

15. The exchange between Bishop (1.979) and Smith and Krutilla (1979)

highlights the difference between a safe minimum standard and a benefit
cost assessment, where there is less of a presumption in favor of
 
preservation with the latter approach.
 



16
 

literature a number of suggestions for such procedures by resource
 

economists, ecologists, and environmental philosophers, though they differ
 

in their details.1
6
 

The framework by itself does not offer answers to the key conceptual
 

questions regarding sustainability we have identified. 17 The categorization
 

of impacts and the location of the safe minimum standard demarcation in
 

Figure 2 depend on individual values and perceptions. Terms like "critical
 

resource" and "intolerably high" are vague. These terms gain meaning only
 

in the context of individual valuations and the reconciliation of differing
 

values in the political process.
 

For 	example, some ecologists may be more concerned about the
 

potentially irreversible consequences of human actions than with the
 

expected costs. For them the demarcation line may be essentially vertical.
 

On the other hand, some economists may be more concerned about costs while
 

having faith in society's ability to adapt even when the impacts are
 

irreversible. These beliefs make the demarcation line closer to
 

horizontal. 6
isAnd for those who feel less of an obligation to future
 

generations, and therefore place less emphasis on both cost and
 

irreversibility, the demarcation will be further to the northwest than in
 

the 	organicist view. The framework we have sketched does not address how
 

these differences are to be adjudicated or reconciled and how individual
 

16. 	See e.g., Norton (1984), Randall (1986), Page (1983), and Daly and Cobb
 
(1989).
 

17. 	The framework also is silent regarding the means to be used for
 
implementation. In democratic societies the collective decision to
 
locate the safe minimum standard line presumably would flow from the
 
political process, but the details of how this would work are not clear.
 
The specific policies to be used for resource protection also would lieed
 
to be identified.
 

18. 	We are grateful to Tim Brennan for suggesting these points.
 

http:identified.17
http:details.16


17
 

values may be changed by this process. Nor does it address the specific
 

protective measures that should be undertakcn.
 

The framework we have sketched also is static and thus incomplete.
 

With increasing knowledge about natural processes and possibilities for
 

social organization, technical and institutional options for mitigating and
 

adapting to changes in the resource base or ecological system may increase.
 

This vould tend to shift the demarcation line to the northwest (subject to
 

some ultimate natural limits). In effect, carrying capacity becomes a
 

dynamic concept, as noted previously. Values also may shift over time.
 

More research on the concepts we have presented is needed to draw out these
 

points.
 

Lastly, the application of the framework depends on the spatial frame
 

of reference, an Issue where we already have noted the potential for
 

disagreement between economists and ecologists. 
 Our focus has been on
 

global sustainability. The conditions for sustainability for a specific
 

region are likely to be different, the differences increasing as the region
 

under consideration diminishes in size. As already noted, the more
 

regionally mobile are people an~d resources 
into and out of a region, the
 

less stringent may be the conditions for sustainability of total economic
 

activity in the region (though different sectors may prosper and decline).
 

This point recurs in our discussion of agriculture and sustainability, to
 

which we now turn.
 

SUSTAINABLE AGRICULTURE: AN ILLUSTRATION
 

In this section we illustrate sustainability issues through discussion
 

of tradeoffs and imperatives in natural resource and environmental
 

management in agriculture. This is appropriate because much of the
 

discussion of sustainability focuses on agriculture.
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Agricultural sustainability raises all the conceptual issues discussed
 

above. Intergenerational equity demands that each generation manage its
 

agricultural resources so as to indefinitely meet demands for food and
 

fiber at economic and environmental costs consistent with maintaining per
 

capita welfare through time. Those concerned that the intergenerational
 

obligation may not be met argue that current systems of agricultural
 

production threaten irreversible losses of land and water resources and of
 

biological diversity, that the systems are excessively dependent on
 

exhaustible sources of energy, and that agricultural research will prove
 

unable to develop new technologies and management practices which can
 

adequately substitute for these various resources as they become more
 

scarce. In this view, current agricultural systems are operating so far in
 

the northwest portion of Figure 1 as to pose a serious threat to
 

intergenerational equity in provision of food and fiber and other social
 

values affected by management of agricultural resources.
 

This view about the threat to agricultural sustainability rests on two
 

implicit assumptions: (1) that on a per capita basis future generations
 

will value food and fiber, and the environmental values at risk in
 

agricultural production, in roughly the same ways that our generation does;
 

and (2) that land, water, biological diversity, energy, and technology will
 

continue to play major roles in satisfying future demands for food and
 

fiber. In terms of the conceptual framework developed above, these
 

resources are judged to be key parts of the social capital whose value must
 

be preserved, or enhanced, to assure agricultural sustainability.
 

Discussion of agricultural sustainability must also address the scale
 

issue. Projections by the United Nations (1989) indicate that the present
 

5 plus billion people inhabiting the earth could grow to some 10 billion by
 

the middle of the next century. Ninety percent of this growth would be in
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the developing countries of Asia, Africa, and Latin America where
 

aspirations for increasing per capita income are high and relatively high
 

proportions of additional income are spent on food. The combination of
 

population and per capita income growth in these countries, plus slow but
 

still positive population growth in the developed countries, could increase
 

global demand for food three to four times between now and the middle of
 

the next century. The issue for world agriculture, therefore, is not
 

whether it could indefinitely meet existing demands for food and fiber but
 

the potentially much more difficult question of whether it could
 

accommodate several multiples of present demands within the next five or
 

six decades.
 

An assessment of the sustainability of agriculture illustrates two
 

other aspects of sustainability highlighted in our conceptual discussion:
 

(1) the importance of specifying the spatial, or regional, dimensions of
 

sustainability, and (2) of defining the institutional conditions which
 

determine the relationships among the regions. World trade in food and
 

fiber is highly developed, and people move both within and across national
 

borders in response to changing perceptions of economic opportunity. If
 

one assumes -- as we do here -- that the global institutional setting will
 

continue to permit large-scale movements of resources and people, then an
 

assessment of the sustainability of agriculture must take a global
 

perspective. The system may not be sustainable in any particular region,
 

but this would be irrelevant if it is sustainable on a global scale and
 

people, food, and fiber can move among regions.
 

In the rest of this section we briefly consider the conditions for
 

sustainably expanding global agricultural production in response to rising
 

demand for food and fiber. The focus is on the adequacy of land, water,
 

and fossil energy resources, on biological diversity, and on the issue of
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substituting technology for these resources. We also consider the
 

relationship between sustainability and efficiency in the growth of
 

agricultural capacity.
 

Land resources. Although there still is uncultivated arable land in
 

the world, there is a consensus among agricultural development specialists
 

that most of the future increases in agricultural output will have to come
 

from rising yields on land already in production. The long-term yield
 

effects of soil erosion, therefore, are a major concern. Conversion of
 

land from trees or grass to crops inevitably increases soil erosion by wind
 

and water. Overgrazing of grassland can have the same effect; and
 

irrigation almost inevitably generates increasing salt loads which, unless
 

properly managed, will build up in the soil, reducing its capacity for
 

plant growth.
 

All of these forms of land degradation are widely observed around the
 

world. Soil erosion, however, probably is most important, and is the focus
 

of attention here.
 

The literature on world agricultural development routinely features
 

soil erosion as a major threat to agricultural sustainability (e.g., Brown
 

et al., 1990). Assertions to this effect are frequently made about the
 

situation in the United States, Canada, Australia, eastern Europe and the
 

Soviet Union, and the developing countries of Asia, Africa, and Latin
 

America. Despite this, careful reviews indicate that except for the United
 

States, very little is known about either the amount of soil erosio.
 

occurring around the world or its productivity effects (Texas Tech
 

Workshop, 1989; Dregne, 1989; Stocking, 1984). (Discussions )f resource
 

depletion effects of agriculture in western Europe emphasize contamination
 

of ground and surface waters by fertilizers and animal wastes. Soil
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erosion gets little attention, suggesting that it is not viewed as a
 

serious problem in that region.)
 

The United States first acquired reliable, comprehensive estimates of
 

erosion with the 1977 National Resources Inventory (NRI). A second, more
 

intensively sampled NRI taken in 1982 confirmed the 1977 data. The NRI
 

data were used in models developed by the U.S. Department of Agriculture
 

(Colacicco et al., 1989), by soil scientists at the University of Minnesota
 

(Pierce et al., 1984), and at Resources for the Future (Crosson, 1987), to
 

estimate the effect on crop yields of 100 years of cropland erosion at 1982
 

rates. The results showed that in the one-hundredth year, yields would be
 

3 to 10 percent below what they otherwise would be. Crosson (forthcoming)
 

estimated that at the higher end of this range, cumulative crop production
 

costs over the 100 years would be about 5 percent higher than they
 

otherwise would be. This estimate takes account not only of the erosion

induced loss of yield but also the cost of the additional fertilizer needed
 

to replace soil nutrients, and the cost of the additional energy needed to
 

plow less tillable land.
 

The reviews cited above indicate that information about erosion and
 

its productivity effects in parts of the world other than the United States
 

is anecdotal. Reports of visual observation suggest that in many areas,
 

particularly mountainous ones such as Nepal, erosion is very high. And one
 

might easily infer that the resulting losses of soil productivity must also
 

be high. Research done on experimental plots in parts of Africa and
 

elsewhere also indicate that on some soils and under some systems of
 

agricultural practices, erosion and productivity losses can be high. These
 

studies are few in number, however, and highly site specific. They, and
 

the other anecdotal information, are insufficient to support general
 

conclusions about either the amount of soil erosion or its productivity
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consequences across major agricultural producing regions of the world
 

outside of the United States.
 

Water resources. Two-thirds of global crop production is rainfed, the
 

rest being on irrigated land (Postel, 1989). Global warming and related
 

changes in climate are expected to increase global precipitation and
 

probably to change its distribution among regions around the world. What
 

these events might imply about the supply of water in regions now engaged
 

in rainfed agriculture is highly uncertain. In view of this, it probably
 

makes sense to assume that on global balance, water in the future will be
 

no more limiting in presently rainted areas than it is now.
 

The situation in the presently irrigated areas that account for one

third of the world's crop output likely will be quite different. A
 

significant amount of irrigation water is pumped from nonrechargeable
 

aquifers, for example, the Ogallala Aquifer which underlies much of the
 

American Great Plains. As the depth to the water table increases the cost
 

of pumping rises. Even if the aquifer is not exhausted, the cost of taking
 

water from it could rise so high that additional pumping could be justified
 

only at crop prices so high as to raise a question about agricultural
 

sustainability.
 

Perhaps a more compelling limit to future supplies of irrigation water
 

will be increasing competition for water for nonagricultural uses,
 

including water needed to protect instream ecological values. This
 

competition already is increasing in the American West and elsewhere around
 

the world. Typically, the marginal value of water in these nonagricultural
 

uses is several times its value for irrigation. Again, the crop prices
 

required to permit agriculture to compete effectively for this water likely
 

would be so high as to be considered inconsistent with sustainable
 

agriculture.
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Energy. Fossil energy resources drive most farm machinery presently
 

used in agriculture and are the main source of nitrogen fertilizers and
 

chemical pesticides. These resources are nonrenewable. It is possible
 

that in the medium-term future they may become so scarce as to virtually
 

exclude their use for all but the most highly valued goods and services.
 

In this case agriculture could not compete effectively for these resources
 

except with prices of food and fiber rise so high as to raise a question
 

about agricultural sustainability. Indeed, we have no hesitation in
 

asserting that because of ts dependence on fossil energy resources
 

mainstream agriculture as currently practiced is not sustainable over the
 

very long term. Unless economical sources of energy continue to be
 

available, either from further advances in the use of fossil fuels or
 

development of renewable substitutes, agriculture will not be able to
 

accommodate the three-to-four fold increase in global demand for food and
 

fiber which plausibly could occur by the middle of the next century.
 

Biological diversity. Our ability to maintain and expand the supply
 

of agricultural output used for food and fiber depends in a fundamental way
 

on the diversity of the genetic stock embodied in plants and animals. 
This
 

diversity sets limits to the ability of scientists to develop new crop
 

varieties and animal trcits which increase productivity and provide
 

increased protection to plants and animals against insects and disease.
 

It sometimes is argued that mainstream agriculture as it is practiced
 

in the developed countries, and increasingly in the developing countries
 

also, poses a threat to plant genetic diversity because it relies on a
 

relatively narrow genetic base of high-yielding crop varieties. The
 

sustainability issue, however, is not the genetic diversity of the crops in
 

production at any one time but the diversity of the genetic stock which
 

scientists can tap into as needed to develop new varieties. The genetic
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diversity represented in crop gene "banks" in the United States and a few
 

other places around the world is far greater than the diversity represented
 

in the crops grown in mainstream agriculture. The proper sustainability
 

question is whether the amount of diversity held in the gene banks is
 

sufficient to meet future needs. The answer is controversial, but a
 

statement by Duvick (1986, p. 196) implicitly gives some grounds for
 

optimism:
 

"Manipulated evolution in the breeding nursery can
 
successfully counter natural evolution in disease and insect
 
populations on the farm. Breeders thus can furnish genetic
 
diversity over time to supplement the relatively small
 
amount of genetic diversity in the farmers fields at any
 
single point in time." (Emphasis added)
 

The thrust of this statement is that mainstream agriculture is not a
 

threat to plant genetic diversity despite the narrowness of the genetic
 

base represented on farmers' fields. The statement does not address what
 

probably is the main threat to genetic diversity: tropical deforestation
 

(Wilson, 1989). This threat, however, is not primarily from mainstream
 

agriculture but from traditional slash and burn agriculture in tropical
 

areas, cutting of trees for firewood, and from commercial logging (Repetto,
 

1989).
 

Conclusion about natural resource adequacy. The discussion points to
 

the conclusion that in the absence of continuing advances in agricultural
 

technology (here defined to include management improvements) the land,
 

water, and energy resources now used in agriculture will be inadequate to
 

accommodate the prospective increase in global demand for food and fiber at
 

socially acceptable economic and environmental costs. Threats to
 

biological diversity support this conclusion. Put more succinctly, with
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the stock of natural and technical capital now at its command, the existing
 

global agricultural system is not indefinitely sustainable.
 

The conclusion rests on the widely accepted fact that the potential
 

for increasing the present stock of natural resource capital employed in
 

agriculture is small relative to the prospective increase in global demand
 

for food and fiber. The stocks of land and water could be increased some,
 

but probably not much, by reducing degradation of these resources. In the
 

United States, for example, erosion-induced losses of soil productivity are
 

so low that reducing them to zero would add little to the stock of
 

agricultural land relative to future demands likely to be placed on
 

American agriculture. While no one knows how much productivity is lost to
 

soil erosion in the rest of the world, it could be double or triple the
 

rate of loss in the United States and still be small relative to the
 

possible tripling or quadrupling of global demand for food and fiber over
 

the next sixty years.
 

The situation with respect to degradation of irrigation water appears
 

comparable to that of land degradation. Postel (1989) presents an estimate
 

that 24 percent of the world's irrigated land is damaged by salts in
 

irrigation water. The effect in reducing irrigated production is
 

substantially less than 24 percent because most of this land remains in
 

production, although with reduced yields. Since the effect of saline water
 

in reducing irrigated production is less than 24 percent, and since
 

irrigated production is only one-third of global crop production,
 

eliminating all salinity problems in irrigation water would increase the
 

supply of water by only a small amount relative to the prospective increase
 

in global demand for food and fiber.
 

Technology as a resource. Because the potential for increasing the
 

quantities of land and water is small, they will contribute adequately to
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sustaining future agricultural output only if their yield, or productivity,
 

is increased adequately. This is the role of technological advance, here
 

defined to include all advances in knowledge relevant to agricultural
 

production. Technology also is the key to overcoming increasing fossil
 

fuel scarcity as a threat to agricultural sustainability. There is a
 

consensus among energy specialists that with improvements in management
 

fossil fuels can be used more efficiently than at present, thus extending
 

the economic life of the stock of these resources. And although judgments
 

differ widely about how fast and at what cost we will learn how to
 

substitute other energy resources for fossil fuels, few doubt that it czan
 

be done.
 

It is not clear that technological advance can augment biological
 

diversity, but we already know much about the threats to diversity and how
 

to contain them. What now is critically needed is knowledge of how to
 

overcome the political and institutional obstacles to protection of
 

biological diversity where it is under threat.
 

The argument here rests on the hypothesis that the supply of
 

knowledge -- here called technology -- relevant to agricultural production
 

is vastly more elastic than the supply of natural resources used in
 

production. The validity of the hypothesis is critical to an assessment of
 

the sustainability of alternative patterns and scales of global development
 

(not just in agriculture), and of the policies needed to achieve
 

sustainability. Investigation of the hypothesis should be among the high
 

priority components of any agenda for research on sustainability.
 

Hayami and Ruttan (1985) have argued, persuasively in our judgment,
 

that emerging scarcities of the resources used in agriculture induce
 

research to develop new technologies to overcome the scarcities. The
 

validity of the argument, however, depends on the existence of strong
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signals correctly identifying the increasingly scarce resources. Market
 

prices can provide the signals where markets exist. But markets are weak or
 

completely absent for some key resources, particularly biological diversity.
 

And even where well-functioning markets exist resource prices may not
 

properly reflect the interests of future generations in resource management.
 

The implication is that if technology is to adequately serve the full
 

range of social interests in assuring the sustainability of global
 

agriculture it must receive the strong and steady attention of governments
 

and international institutions charged with responsibility for agricultural
 

research.
 

Sustainability and efficiency. 
It is easy to imagine sustainable
 

patterns of agricultural development which are socially inefficient. That
 

is, a pattern may provide adequately for new technologies to overcome
 

emerging scarcities of land, water, and fossil energy while also adequately
 

protecting biological diversity, yet generate externalities which make the
 

social product less than it could be. 
 For e=cample, technologies which
 

adequately increase the productivity of the land may, nonetheless, result in
 

costs of downstream damages to water quality from sediment which are greater
 

than the costs of reducing the damages. The costs of damage may not be high
 

enough to pose a significant threat to sustainability, but high enough to
 

raise a significant efficiency issue. The damages persist because the
 

institutions regulating farmers' use of their land permit them to ignore
 

off-farm costs that their operations may impose.
 

Similarly, concern about the threat to sustainability from emerging
 

scarcities of fossil fuels may result in "crash" policies to develop
 

substitutes which are more costly than a less-intensive, longer-term
 

approach which, nevertheless, would deal adequately with the problem.
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The point here is that although any development path which is not
 

sustainable is necessarily inefficient, some sustainable paths likely will
 

be more costly than others. It is important to keep this distinction in
 

mind, both for clarity in trying to understand problems of agricultural
 

sustainability and in formulating policies to achieve it at the lowest
 

social cost.
 

CONCLUDING REMARKS
 

Our purpose in this paper has been to identify key uncertainties and
 

disagreements in the concept of sustainability as seen by ecologists and
 

economists, and to begin sketching a framework in which such disagreements
 

can be better understood and mediated. We believe that there is much to be
 

gained from bridging gaps in the approach to sustainability. Economists can
 

learn valuable lessons from ecologists and philosophers concerned with
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ecological issues, and vice versa.
 

For economists, one important lesson in our view is the legitimacy of
 

sustainability as an intellectual issue (albeit one with many open
 

questions, contrary to the position taken by a number of ecologists). It is
 

becoming more difficult to refer to an "optimal intertemporal allocation of
 

resources" without some recognition that issues of intergenerational equity,
 

scale of human activity in the biosphere, and potential nonfungibility of
 

resources are not adequately addressed by a criterion of Pareto efficiency
 

based on present value maximization. In particular, discounting does give
 

rise to moral dilemmas, though simply setting discount rates equal to zero
 

is not an attractive solution either. A two-tier procedure like that
 

19. 	We thank Tom Tietenberg for drawing the following points to our
 
attention.
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sketched in this paper may be a useful conceptual starting point for
 

grappling with these issues.
20
 

It is just as important for ecologists to recognize the enormous
 

importance of economic incentives in seeking to protect threatened
 

resources. As we have noted, the safe minimum standard approach faces
 

serious operational obstacles as well as conceptual uncertainties in
 

determining where the line of demarcation should be drawn. The greater the
 

degree to which markets can be used to guide resource use, after adjusting
 

prices to reflect social interests that transcend market values such as
 

environmental degradation, the greater the ease with which resource
 

protection can be implemented. Market incentives also can provide a
 

valuable impetus for technical innovation.
 

We have alluded to many research needs remaining to be filled in better
 

understanding the requirements of sustainability and how they might be met
 

in practice. To conclude this paper we briefly outline an agenda of
 

possible topics for further research.
2 1
 

Further Clarification of Meaning
 

As already noted, there are numerous unanswered questions still
 

remaining about the basic definition of sustainability. These concern the
 

nature of the assumed obligation to future generations, the basic values
 

20. 	In summarizing proposed recommendations for a discount rate policy to be
 
followed, the U.S. General Accounting Office (1990) notes that special
 
approaches to mitigate the effects of discounting in valuing human life
 
impacts across generations may be needed. This recognition is an
 
interesting illustration of our point that simple intergenerational
 
discounting procedures may be inadequate.
 

21. 	As we noted at the beginning of the paper, sustainability also
 
encompasses a number of shorter-term issues involving resource and
 
environmental management in developing countries. There are many
 
important research topics related to these issues which lie beyond the
 
scope of this review.
 

http:research.21
http:issues.20
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those generations may hold, the delineation of consequences from natural
 

resource use as sketched in Figure 1, and the incorporation of dynamic
 

economic and ecological responses. To illustrate, seeking to provide the
 

means for nondecreasing per-capita well-being across generations, as
 

suggested by the Brundtland Commission report, iay seem to be a laudable
 

goal. However, our knowledge of future resource requirements and technical
 

opportunities, and our capacity to shelter the future from risks, may be
 

very limited. A more modest objective of resource protection which attempts
 

to guard against catastrophic declines in living standards and seeks to
 

provide minimum acceptable individual living standards may be more
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achievable.
 

Examination of Microtheoretic Issues
 

The 	imposition of an intertemporal sustainability constraint is likely
 

to affect theoretical conclusions devised from many mode.' of natural
 

resources and economic growth. 
There is a small but growing technical
 

literature concerned with sustainability, and a larger body of existing
 

literature in resource economics which can be used to address sustainability
 
23
 

issues. Building on this literature, it is important to better understand
 

how a sustainability constraint could affect optimal paths and policies in
 

more complex but more realistic settings that include multiple resources
 

with substitution, uncertainty, and endogenous technical change. At the
 

same time, since sustainability derives from a concern about ecological
 

22. 	The minimum1 acceptable living standards could be well above current 
or
 
thre-.tened standards for the world's poorest inhabitants.
 

23. 	Pezzev (1989) provides an excellent survey of the literature,
 
particularly papers dealing with resources and economic evolution over
 
time. Other recent papers include Anderson (1987), Barbier and
 
Markandya (1989), Gross and Veendorp (1990), Howarth and Norgaard
 
(1990), and Krautkraemer (1990).
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limits it is important to formulate these extended models to include
 

operative physical limits on resource and material substitution (e.g., some
 

bound on the ability of capital to substitute for energy).
 

Empirical Assessments
 

Ultimately, policy discussions about sustainability require a complete
 

empirical analysis of the issue than has been conducted to date. Better
 

knowledge is required about both physical systems and social institutions.
 

Our illustration of sustainability issues with reference to agriculture
 

points out many unanswered empirical questions in that Issues related
area. 


to energy -- the extent of long-term substitution possibilities and the
 

transition toward renewable sources 
-- are another key area for empirical
 

research. An overarching topic is a better empirical understanding of how
 

technical progress can facilitate the achievenent of sustainable paths. 
 The
 

policy process also will require assessing the overall impacts on the
 

economy (costs and benefits) of sustainability measures.
 

As part of the clarification of what sustainability means, there are
 

significant opportunities for collaborative research among economists,
 

ecologists, philosophers, anthropologists, and other scientists. For
 

example, one important unanswered question in the political and cultural
 

arena is the extent to which the current generation has a substantial
 

concern for the well-being of the more distant future. 
 The other two
 

research components listed above are more specifically economic in nature,
 

5ut answering such microtheoretic and empirical economic questions should
 

help to put sustainability issues and policies in sharper focus.
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Figure 1. Categorization of Impacts
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Figure 2. The "Safe Minimum Standard" 
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