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It has now been a decade since The Limits
to Growth by Donella Meadows et al. helped
rekindle economists’ interest in the impor-
tance of natural resource for economic ac-
tivities.! Today, confidence seems to have
replaced concern. At least one prominent
economist has explained this change by sug-
gesting that erroneous analysis lay at the
heart of any conclusion implying economi-
cally important natural resources were grow-
ing increasingly scarce.? Indeed, current
books on the subject such as Julian Simon’s
The Ultimate Resource (1981) offer conclu-
sions that are reminiscent of Harold Barnett
and Chandler Morse’s classic study Scarcity
and Growth (1963).

Are these judgements warranted? Has re-
search since 1973 provided answers to the
questions derived from theoretical analyses
of the relationship between natural resources
and the maintenance of material well-being?
We think not. While these conclusions ulti-
mately may be judged to be appropriate,
such a judgement cannot be made on the
basis of the present evidence. In what follows
we will develop our reasons for this skepti-
cism, considering first the conventional ex-
planations for how resource stringencies have
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10f course, the Arab-Israeli war and emergence of
OPEC as an effective cartel a year or so after the book’s
publication provided tangible stimuli to this concern.

2In a speech given at the Annual North American
Meeting of the International Association of Energy
Economists, Hendrik Houthakker observed that “In a
strict economic logic, the world will never run out of any
mineral. Resource scares are merely errors of analysis”
(1983, p. 3). Of course, under ideal conditions the price
of a depleting mineral will restrict consumption before it
is exhausted. This in itself does not assure that in the
real world resource stringencies will be met with smooth
adjustment.
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been avoided and what the past decade’s
research has added; then, in Section II we
discuss what has been missed and why it
may be important.

1. Have We Learned About Economic
Responses to Finite Resources?

The available explanations of how increas-
ing natural resource scarcity had been
avoided can all be summarized using the
reasons Barnett and Morse adduced to ex-
plain their finding that the relative prices and
“real unit costs” of natural resource com-
modities had not increased over nearly a
hundred years.? These were:

1) When higher grade sources of a re-
source are exhausted, lower grade sources are
found in greater abundance. Moreover, the
qualitative difference in various stocks di-
minish with the lowering of the grades of
resources.

2) As a specific resource becomes more
scarce, the rate of increase in its price tends
to be offset by substitution of other re-
sources. All but the most insistent demands
for the resource are thereby reduced or
eliminated.

3) Price increases also stimulate greater
exploration to locate new deposits and pro-
vide incentives for a greater degree of recy-
cling.

4) Technical change is directed toward
reducing the costs of providing natural re-
source commodities, either through reduc-
tion in the extraction costs from existing
deposits, or the introduction of techniques
that make previously uneconomic deposits a
part of the economic reserves.

In our judgement, the most appropriate
general summary of research on the econom-

3The Barnett-Morse real unit cost measure corre-
sponds to the inverse of a total factor productivity
statistic.
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ics of natural resources during the past de-
cade is that it has enhanced the analytical
precision with which the preceding explana-
tions can be described. We know, for exam-
ple, that given a finite resource stock, per
capita consumption (with constant popula-
tion) can be maintained indefinitely provided
there is sufficient ability to substitute a pro-
ducible input, such as capital, for the finite
resource. By contrast, in the absence of re-
source augmenting technical change, if the
elasticity of substitution between capital and
the natural resource is less than unity, then
consumption must ultimately decline to zero.
Of course, this pessimistic conclusion can be
reversed provided there is a small, positive
rate of resource augmenting technical change
in the economy’s production activities.
Complete and ideal markets will lead to
an efficient intertemporal allocation of an
exhaustible natural resource (see Partha
Dasgupta and Geoffrey Heal, 1979, chs. 6-8).
Moreover, under specialized assumptions,
noncompetitive market structures, including
monopoly and some types of oligopolistic
markets, can lead to efficient extraction pro-
files. However, the assumptions required for
this outcome within noncompetitive markets
are stringent and, therefore, unlikely to be
fulfilled. Nonetheless, departures from either
competitive markets or noncompetitive mar-
ket structures that would lead to efficient
intertemporal resource-use profiles are likely
to favor excess conservation rather than too-
rapid depletion. Within the set of models of
noncompetitive behavior, those formats that
introduce limited forms of competition do
not always imply extraction profiles that fall
between the extremes of perfect competition
and monopoly. The formulation of these
limited competition models affects the role
played by strategic behavior in their respec-
tive solutions. This role determines the re-
lationship between the extraction profiles
selected and those from competitive and
monopoly markets. Incomplete markets af-
fecting the risks experienced by individual
firms also lead to a tendency for conserva-
tion in intertemporal extraction choices. In
general, then, private markets (with complete
information) are not likely to lead to exces-
sively rapid depletion of natural resources.
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This conclusion seems to imply that past
theoretical research provides little basis for
public sector concern or involvement in judg-
ing (or influencing) the availability of natural
resources. However, such a judgement can be
misleading. In concluding their comprehen-
sive treatment of the economic theory of
exhaustible resources, Dasgupta and Heal
observed that even if one assumes there exist
extensive low grade resource deposits, econ-
omists should nonetheless pay particular at-
tention to the processes involved in allocat-
ing exhaustible resources for at least two
reasons: (a) efficient use of these resources
requires consideration of the rate and timing
of depletion of each quality level of the
resource and concern for the transitions be-
tween them; and (b) recognition of the
potential for substitution for exhaustible re-
sources is not the same as certain knowledge
of the availability of such substitutes. In the
presence of uncertainty, prudence requires
explicit consideration of the consequences of
exhaustion as one of a set of possibilities
facing the economy.

Of course, as Barnett-Morse recognized
two decades ago, theory is not the only source
of insight into the importance of exhaustible
resources to the economy. It should be possi-
ble to gauge, based on private market trans-
actions, whether the stringency of natural
resources has been increasingly a negative
factor in the performance of the economy.

Along with the theoretical models address-
ing the role of natural resources in aggregate
economic activity and the performance of
private firms in extracting them, this insight
has fostered inquiry into the definition and
performance of indexes of resource scarcity.
This work has generally rejected Barnett and
Morse’s preferred index and favored some
measure of the Hotelling rent as an ideal
scarcity index. Unfortunately, as we elaborate
more fully in what follows, the practical
measurement of these rents has to date elud-
ed resource economists.

I1I. What Have We Missed?
We now comment on limitations in the

research developed in four areas: the treat-
ment of natural and environmental resources
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in aggregate models of economic growth;
the specification of the role of natural re-
sources in production activities; the available
empirical evidence on the viability of Hotell-
ing-type models for describing firm behavior
and market outcomes involving natural re-
sources;, and attempts to gauge, using both
physical and economic criteria, the availabil-
ity of natural resources.

Nearly all of the formal economic models
addressing the importance of exhaustible re-
sources for the maintenance of economic
well-being describe decisions in a stylized
framework. They characterize how an ideal
centralized planning economy, seeking to
maximize discounted social utility, would al-
locate a single exhaustible natural resource
optimally. While such models greatly sim-
plify the description of how economic activi-
ties use natural resources, in some cases this
has been regarded an advantage. That is, to
the extent these models permit the funda-
mental dimensions of a problem to be iso-
lated and these dimensions are found to be
important regardless of the nature of the
technical details that are present in the real
world, then clearly the models have served
their purpose.

Unfortunately, recent evidence (sec Heal,
1982, and Morton Kamien-Nancy Schwartz,
1982) is calling this premise into question.
These models are quite sensitive to the
specification of society’s objective function
and especially to the prospect of one (or
more) state variable(s) influencing society’s
well-being. For example, if the process of
extracting or using the exhaustible resource
leads to a stock pollutant (i.e., pollution that
accumulates in a fashion similar to a capital
stock over time) affecting society’s well-being,
then: the asymptotic behavior of the model’s
choice variables will be sensitive to initial
conditions; there is the prospect for multiple
steady-state solutions; and choice variables
may exhibit cyclic behavior. These findings
imply that the technical details often as-
sumed “away” as part of the development of
a simple description of the aggregate use of
natural resources wil/ matter to the model’s
results and that these results may not easily
generalize. Thus, if these modifications are
judged important and relevant, then sim-
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plified aggregate models are unlikely to pro-
vide a useful basis for policy with exhaust-
ible resources. Unfortunately, little progress
has been made (beyond the identification of
the problem) to re-address the issue of judg-
ing the importance of exhaustible natural
resources to the economy as a whole within a
framework that incorporates these technical
details.

One way of providing such a response
involves detailed analyses of the role of natu-
ral resources in individual production activi-
ties. Prior to 1973, the empirical evidence on
the role of natural resources in production
activities was almost nonexistent. Since then,
there has been an enormous increase in the
number of studies (see Ernst Berndt and
Barry Field, 1981, for a review of some of
this evidence). The available data greatly
constrain what can be done. Natural re-
sources are, for example, routinely treated as
an aggregate.® The pace of introduction of
new technologies is not measured. Rather it
is assumed to be capable of being approxi-
mated by a time trend. In addition, what we
can observe is not necessarily relevant to the
levels of input usage where resource exhaus-
tion would imply that substitution must take
place (i.e., at high capital resource ratios). In
these circumstances heat and materials bal-
ances are more likely to be an important
determinant of the sensitivity of production
activities to these constraints.

Both theoretical (Lawrence Lau, 1982) and
experimental evidence (Kopp and Smith,
1980, 1983) question the relevance of the
available empirical results. Lau’s analysis
suggests that the conditions for meaningful
economywide (or even sectoral) aggregate
measures of resources are so stringent that
there is little prospect of their being satisfied
in actual production activities. Moreover, the
experimental results, though much more
limited in scope, indicate that aggregation
can lead to substantial distortion in the mea-
sured substitutions between inputs. These

“Recently, Michael Hazilla and Raymond Kopp
(1983) have provided the first detailed treatment of
resource substitution identifying the constituents of a
natural resource aggregate in their neoclassical cost
model for the primary metals sector.
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experimental findings are equally pessimistic
concerning the performance of general in-
dexes of the pace of technological change.
Explicit indicators of the introduction of new
technologies seem to be required for an accu-
rate description of the effects of these tech-
nologies on input usage. Moreover, the avail-
able evidence with real world data (see for
example, Michael Denny et al., 1981, and
Randy Nelson, forthcoming) indicates that
there are substantial differences in the
description of the factor biases associated
with general (i.c., time trend) versus more
explicit indicators of new technologies’ adop-
tion patterns.

Despite the longstanding interest in the
Hotelling model as a description of the
behavior of the extractive firm, empirical tests
of this model have been quite limited. Heal
and Michael Barrow (1979, 1981) found some
evidence of arbitrage behavior with both
short-term price movements and long-run
data. However, the relationships were not
consistent with those implied by theory.
Smith’s (1981) analysis was even less encour-
aging for the viability of simple forms of the
Hotelling framework. Nonetheless, these ini-
tial studies can be questioned because of
their incomplete data and the corresponding
need to use proxy measures for important
variables. Recently, Scott Farrow (1983) has
substantially improved on the data available
for these earlier efforts by using proprietary
information from a single resource extraction
firm. After conducting the most thorough
examination of the Hotelling model’s impli-
cations to date, his conclusions are similar to
those of earlier authors. Thus, at present, we
do not have a good explanation for the
Hotelling model’s poor performance. Of
course, Farrow’s one firm over a single time
period could well be an outlying case. None-
theless, the empirical relevance of the frame-
work is worthy of serious reconsideration.
Our conclusions concerning the role of pub-
lic policy in responding to the issues posed
by Dasgupta and Heal, rely on firms behav-
ing in accordance with some variant of a
Hotelling framework.

Interpreting the economic significance of
empirical findings is a process that neces-
sarily involves judgement. Theory may sug-

LIMITS TO GROWTH 229

gest the presence of certain regularities (for
example, the movements in resource prices
net of extraction costs over time should be
associated with the rates of return to assets
comparable in risk and liquidity to the
resource deposits). While the theory can
be used to establish the general nature of
this association, it relies on assumptions. In-
terpretation of empirical findings requires
judgements on the correspondence of real
world processes with these assumptions and
the anticipated “strength” of the empirically
measured relationships. Some economists
might judge any association (however weak)
in this case as support for the theory. Others
will not. Most economists would probably
adhere to the view that the market discipline
is strong, and over time with repeated experi-
ence, we can expect to observe the predicted
€CONOmic responses to resource stringencies.
Economic agents will react as theory would
suggest, though this may only be observable
in qualitative terms and may not be evident
from short-term observations of behavior.
This view is completely consistent with the
strategy adopted by Barnett and Morse. Ide-
ally, a Hotelling rent provides the most ap-
propriate signal of the scarcity of a natural
resource. These rents are not readily mea-
sured directly, and indirect measures rely on
the technical assumptions that are often sus-
pect for some of the reasons we have iden-
tified. Consequently most current analyses
have relied on the relative prices of natural
resources to gauge their scarcity. In the most
recent of these efforts, Margaret Slade (1982)
finds clear evidence of increasing relative
prices for eleven of the twelve minerals she
considers over the period 1870 to 1978.
However, the pattern is one of initially de-
clining relative prices with an upturn that
occurs primarily in the first and second
quarters of the twentieth century, depending
on the mineral.

Thus, even the empirical record we have
available which largely reflects the private
costs of obtaining natural resources, does not
support dismissing resource scarcity. If we
add to this the social costs of pollution (in-
cluding both “static” externalities and stock
pollutants) then confident judgements on the
long-term maintenance of economic well-
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being with a constant or growing population,
in the presence of finite natural and environ-
mental resources, scem unwarranted based
on what we know today.
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