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THE DISMAL SCIENCE REVISITED

For the past several years economic growth has 
been the focus of heated debate. Controversy con
tinues to rage over such growth-related issues as the 
population explosion, the green revolution, the 
energy crisis, environmental pollution, ecological de
struction, and natural resource exhaustion. On one 
side of the debate are the pessimists who, ever fearful 
of the harsh constraints of nature, perceive the im
minent demise of growth and warn darkly of ap
proaching calamity and doom. A t the other end of 
the spectrum are the optimists who are skeptical of 
apocalyptic prophecies and believe that the limits to 
growth are not yet in sight.

A s seen by the pessimists, the basic problem is 
simply the impossibility of continued exponential 
(constant percentage) growth in a world of limited 
resources. In an exponentially-expanding system, 
each year’s growth adds a larger absolute increase 
because it is applied to a bigger base; consequently, 
growth accelerates rapidly like compound interest. 
Pessimists note that such is the awesome power of 
compound interest that quantities growing at a geo
metric rate will ultimately surpass the largest finite 
magnitude. Eventually, therefore, resource con
straints must become binding. W hat really alarms 
the pessimists, however, is the swiftness with which 
exponential growth paths approach a fixed limit. If 
the doubling time of population is 20 years, it may 
take centuries to reach a point half way to the ceiling ; 
but it only takes 20 more years to go from the half
way point to the ceiling. Pessimists believe that cur
rent growth paths— of population, pollution, and out
put— are steepening and are on a catastrophic colli
sion course with ceilings imposed by limited and 
dwindling stocks of extractive and environmental re
sources. W hen the paths hit the ceilings, their d i
rection will be reversed; thereafter, population and 
output will plunge downward as famine and resource 
depletion exact a fearsome toll. In support of these 
dire forecasts, pessimists cite computer simulations 
showing doomsday a mere two generations away.

The optimists, in response, point out that pessi
mists overlook such offsets to scarcity as technologi
cal progress, increased knowledge, and resource sub

stitution. These scarcity-ameliorating factors, it is 
claimed, may permit the ceilings to rise at rates rival
ing those of population and output growth. Opti
mists also contend that the doomsday computer 
models do not take adequate account of certain feed
back mechanisms that induce stabilizing alterations in 
human behavior patterns. Optimists believe that 
such mechanisms would operate to slow or stop 
growth if resource ceilings were approached. In 
other words, adjustment mechanisms would trans
form accelerating, explosive growth paths into de
celerating. convergent ones.

Speculation on the subject of implacable constraints 
to growth is by no means a new pastime. Gloomy 
prognostications of impending natural resource scar
city have a long tradition, extending back at least to 
the early nineteenth century when Thomas Malthus, 
David Ricardo, and other economists of the British 
classical school prophesied that unlimited procreation 
combined with limited land would bring diminishing 
returns, bare subsistence incomes, and the eventual 
cessation of growth. In fact, the pessimistic doctrine 
of resource scarcity formed the core and central theme 
of classical political economy, thereby providing eco
nomics with its reputation as the “ dismal science.” 
Later, at the beginning of the twentieth century, the 
dismal theme of scarcity was enunciated again, this 
time by conservationists who stressed the resource- 
depleting and resource-exhausting effects of economic 
growth.

The similarity between these earlier writings and 
contemporary discussion is not always fully appreci
ated. In many cases the modern doomsday prophets 
are merely echoing doctrines stated by classical econ
omists and conservationists. Virtually all of the ele
ments of the current doomsday models— exponential 
population growth, a shrinking or static resource 
base, the concept o f the stationary state— appeared in 
earlier writings. M oreover, the reversal of econ
omists’ views on the issue of resource limitation has 
not been generally recognized. The “ dismal science” 
label is no longer properly descriptive of the outlook 
of many modern economists, who tend to be some
what more sanguine than their classical predecessors.
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It is not modern economists, but rather those con 
servationists, ecologists, and biologists that continue 
to write in the classical economic tradition, who are 
the current representatives of the pessimistic inter
pretation o f the economic problem.

H ow  did this switch occur? W hat influences in
duced economists to become optimists and scientists 
pessimists ? H ow  was the problem of resource scar
city originally formulated and analyzed? In what 
forms do the older doctrines survive in current de
bates? Has history provided any empirical tests of 
the older doctrines? Does the spectre of resource 
limitation, when viewed in historical perspective, be
come more terrifying or less? These issues are ex 
amined in this article, which outlines the evolution of 
the resource limitation doctrine from the writings of 
the classical economists to the current doomsday 
debate.

I. CLASSICAL ECONOMISTS AND THE PROBLEM 
OF NATURAL RESOURCE SCARCITY

The first rigorous analytical statement of the prob
lem of growing natural resource scarcity appears in 
the early nineteenth century writings of economists 
of the British classical school. Classical economists 
feared that low agricultural productivity eventually 
might threaten to obstruct British industrial de
velopment. The agricultural productivity problem 
was thought to stem from the growing disparity be
tween a fixed supply of land and a rapidly burgeoning 
population. Classical economists interpreted the 
land-man divergence within the framework of their 
analytical model, which they used in predicting the 
effects of limited natural resources on the pace and 
character of long-run economic growth, as well as 
on the behavior of the relative shares in the national 
income.

Malthusian Population Growth T he ch ief ex 
positors of the classical model were Thomas Malthus, 
David Ricardo, and John Stuart Mill. Malthus is 
best known for his celebrated population doctrine, 
which states that man’s propensity for procreation far 
exceeds his capacity to expand the food supply. A c 
cording to the Malthusian theory, population, if un
checked, tends to multiply at an exponential or con
stant percentage rate, with the annual absolute incre
ment to the population becoming successively greater 
with time. Malthus himself estimated this population 
growth rate to be approximately 3 percent, close to 
the biologically maximum sustainable rate that would 
result in a doubling of the population every 25 years. 
Owing to the fixed supply of agricultural land, how 
ever, the food supply cannot be increased at the same

rate; or as Malthus expressed it, population expands 
geometrically, food only arithmetically.

The Law of Diminishing Returns M althus and 
other classical economists employed the law of di
minishing returns to explain why the food supply 
could not expand in equal proportion with the num
ber of laborers working the soil. A ccording to the 
law of diminishing returns, the application o f larger 
and larger amounts of labor to fixed land eventually 
results in declining average labor productivity, i.e., 
output per worker. W ith fixed land and increasing 
population, the land/labor ratio must fall. Since each 
individual worker will have less and less land to work 
with as more and more workers crowd on the fixed 
land, average labor productivity, or crop yield per 
worker, must fall. Multiplication simultaneously 
creates new stomachs and new hands. But, alas, 
while the food requirements of each stomach remain 
constant, the food production of additional pairs of 
hands continually declines. Consequently, the in
ability of food production to expand as rapidly as the 
biological growth of population serves as the ultimate 
check to population growth. Specifically, the M al
thusian limits to population growth occur when d i
minishing returns to labor working with scarce land 
bring crop yields down to the minimum level of sub
sistence. (See Chart 1.)

Chart 1

MALTHUSIAN vs. MILLIAN POPULATION 
EQUILIBRIA
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Beyond P0 , population growth is accompanied by d i
minishing returns, causing labor productivity to fall. 
Malthus thought population would stabilize at P, the 
maximum size sustainable at bare subsistence. Mill was 
hopeful that voluntary birth control would limit popu
lation to its optimal size, PQ, where wages were highest.
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The Ricardian Growth Model M althus stressed 
diminishing returns resulting from the crowding of 
labor on fixed land of constant quality. David R i
cardo emphasized another source of diminishing re
turns, namely, the cultivation of agricultural land of 
progressively inferior quality. R icardo’s chief con
tribution, however, was to combine the Malthusian 
population doctrine, the law of diminishing returns, 
and a theory of capital accumulation into a com pre
hensive interpretation of the effects of natural re
source scarcity on economic growth and income dis
tribution.

In the Ricardian model, the process of growth is 
seen as an inexorable movement of the economy to
ward its long-run, zero-growth stationary equili
brium. A long the path to the stationary state, 
diminishing returns to labor and capital employed on 
the scarce land act to raise land rents, to lower wages 
and profits, and finally to bring growth to a halt. 
R icardo’s model concentrates almost exclusively on 
the land-using agricultural sector. R icardo’s neglect 
of the manufacturing sector stemmed from  his belief 
that the growth-inhibiting influences operative in food 
production would eventually swamp the growth- 
stimulating influences operative in industrial produc
tion. Like the other classical economists, Ricardo 
thought that the non-land using manufacturing sector 
would experience constant or even increasing returns 
to labor-capital inputs, yet this constant or rising 
productivity in manufacturing would be more than 
offset by diminishing returns in land-intensive agri
culture. Similarly, technological progress, a force 
that tends to counteract or offset diminishing returns, 
was disregarded in the Ricardian model as being of 
relatively minor importance, i.e., historically dimin
ishing returns were assumed to dominate technologi
cal advance.

The Ricardian analysis begins with a hypothetical 
economy in an early stage of development. Popu
lation is small in comparison with the available land. 
Because land is at first relatively plentiful, rents are 
low ; but wage rates, profits, and the rate of capital 
accumulation are all high. Capital accumulation, the 
chief engine of growth in the Ricardian model, serves 
to promote production. It also stimulates the de
mand for labor, thereby bidding the market wage rate 
temporarily above the subsistence level. V ia the 
Malthusian mechanism, the above-subsistence wage 
rate then induces population growth, which, in turn, 
necessitates a more intensive and extensive cultiva
tion of the land. But at some stage the application of 
additional labor to the limited supply of land brings 
diminishing average returns, which become more 
pronounced as growth proceeds. Hence, average

labor productivity continually declines as labor 
presses ever more densely on good land and spills 
over onto poor land. This development sequence, 
however, benefits the landowning class, which re
ceives rents in proportion to the excess of produc
tivity on the better parcels of land over the least 
productive acres in use. Extension of the margin of 
cultivation increases the premium or differential sur
plus return received on the better ( “ supramarginal” ) 
land. Thus, land rents r ise ; and the landowners’ 
share of the national income expands as growth in
creases the demand for land.

The portion of output remaining after rents have 
been paid is distributed between workers and capital
ists. A s long as this residual output is in excess of 
the wage bill, there will be profits available to finance 
the capital accumulation that keeps the whole develop
mental sequence going. Over time, however, d i
minishing returns will act to close the profit gap 
between net (o f  rent) output and the subsistence 
wage bill, as shown on Chart 2. A s profits are 
squeezed, capital accumulation slackens. Eventually, 
profits will vanish under the pressure of diminishing 
returns. A t this point all growth stops, capital ac
cumulation ceases, population expansion halts, and 
output stabilizes at a constant level. The economy 
has reached its zero-growth, long-run equilibrium—  
the classical stationary state.

The Classical Stationary State W h a t w ou ld  co n 
ditions be like in the Ricardian stationary state? F or 
one thing, there would be a marked inequality in the 
distribution of incomes. Rents would be high, wages 
low, and profits virtually non-existent. A  few 
wealthy landowners would be enjoying a life of 
splendor and ease, while the mass of the population 
would be muddling along at subsistence levels of 
income. The total mass of poverty would indeed be 
great because the population size would be the m axi
mum sustainable on the limited land, given the state 
of technology. A ll output in excess of the portion 
claimed by landowners would be absorbed just to 
support the working population at subsistence, i.e., a 
level of income sufficiently high to allow workers to 
replace themselves without increase or diminution.1

The dominant feature of the stationary state, how 
ever, would be the complete absence of change. There 
would be no technical progress, no innovation, no 
new products, no new occupations, and no advances

1 Classical economists believed the subsistence wage to be somewhat 
higher than the biological or physiological minimum for survival. 
They acknowledged that the subsistence standard of living was in 
part psychologically determined by prevailing habits and customs. 
Nevertheless, they thought this long-run natural wage level to be 
substantially below what could be described as a “comfortable” 
standard of living.
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Chart 2

RICARDIAN GROWTH MODEL
Output

Profits fuel capital formation, which stimulates growth 
and raises the market rate of wages temporarily above 
the subsistence level. Above-subsistence wages induce 
procreation and thus expansion of the labor force 
(sequence L j —*- L2 L3 etc.). But more labor
applied to fixed land brings diminishing returns (shown 
by the declining slope of the output and output-less-rent 
curves). Diminishing returns raise land rents but lower 
profits and drive wages back to subsistence. Growth 
slows as profits are increasingly squeezed between di
minishing returns and subsistence wages. When profits 
vanish, growth stops and the economy reaches the 
stationary state.

in knowledge. Population would remain forever con
stant in size, age composition, and skill. The stock 
of capital, too, would remain unchanged in both size 
and structure. Balance conditions would insure the 
eternal constancy of the capital and population stocks. 
Births would balance deaths. Production would 
balance consumption. Capital replacement would 
just balance capital depreciation. A ll activity would 
be devoted to stock maintenance and replenishment; 
none to growth.

In general, Malthus, Ricardo, and other economists 
of the British classical school were apprehensive 
about the advent of the stationary state. T o  them it 
offered only the chilling prospect of the mass of 
humanity forever doomed by the limited resource 
base to low wages. There would be no escape, they 
thought, from the stationary state. Being a stable 
equilibrium, it was like a trap. A ny temporary de
parture from the subsistence equilibrium would auto
matically set in motion forces that would bring the 
system back to the equilibrium position again. If a 
small disturbance caused the population to deviate 
above or below the equilibrium size then, inevitably, 
starvation or procreation would bring it back to the 
stationary level. In short, there would be no exit

from the stationary state, which was indeed a pessi
mistic conclusion. Small wonder that Malthus and 
Ricardo were described by Thomas Carlyle as “ the 
dismal practitioners of the dismal science.”

A  Cheerful Stationary State? O f the classical 
economists, only John Stuart Mill was sanguine about 
the stationary state. But M ill’s cheerful version of 
long-run equilibrium differed considerably from  that 
of his gloom y contemporaries. W hereas the latter 
thought that stasis was an inevitable condition im 
posed by the constraints of a harsh and unyielding 
nature, Mill saw it as a possible outcome of workers’ 
voluntary decisions to restrict births while resources 
were still abundant. Mill believed that there was 
some critical threshold level of per capita income, 
above which birth rates would decline as income in
creased. H e was hopeful that capital accumulation 
and technical progress might raise and maintain wages 
above the critical level before diminishing returns 
had gone too far. Then, workers, aspiring to protect 
or improve their newly-established standard of living, 
would exercise more prudence, foresight, and self- 
restraint in procreation. Hence, the advent of M ill’s 
stationary state might occur with the population sta
bilizing at its optimum  size consistent with peak per 
capita income rather than its maximum  size consist
ent with the bare subsistence level. (See Chart 1.) 
Thereafter, continued voluntary restraint on propa
gation would insure that per capita income would 
never decline. M oreover, technological progress 
might provide for its continued increase. Unlike the 
other classicals, Mill recognized that technological 
progress could proceed independently to raise in
comes even though capital and population were sta
tionary. In other words, M ill’s stationary state was 
not stationary with regard to technology.

Mill also had a far more sophisticated conception 
of natural resources than did the other classical econ
omists. The latter viewed the natural resource base 
as consisting solely of land— an indestructible, inex
haustible (yet not reproducible) asset yielding an out
put in the form of physical product, i.e., agricultural 
commodities. Mill, however, called attention to the 
open-space dimension of land. Open space, he noted, 
is an exhaustible asset yielding an output in the 
form of amenities, e.g., personal solitude, scenic 
grandeur, etc. M ill’s perceptive and original obser
vation presaged recent analyses of environmental, as 
distinct from commodity, resources.

M ill’s insight, however, was atypical of the classi
cal school. A m ong his classical contemporaries, Mill 
was the exception. For the most part, classical econ
omists ignored technical progress as an offset to
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diminishing returns; slighted the possibility of wide
spread voluntary restraint of births; viewed the sta
tionary state with foreboding; and saw the problem 
of natural resource scarcity solely as one of too little 
land relative to the population. In sum, the classicals’ 
interpretation of resource scarcity was limited in 
scope and slanted toward pessimism. Their inter
pretation would have been even more pessimistic, 
however, had they viewed the resource base as a 
wasting, rather than a fixed, asset. But resource de
pletion was not stressed in their analysis. In fact, it 
was not until much later that other writers switched 
the emphasis to problems of resource depletion. The 
first economist to do so was W illiam Stanley Jevons 
who in 1865 warned that incipient coal depletion and 
the consequent rising cost of coal extraction would 
shortly signal the end of British industrial supremacy. 
But Jevons was virtually the only m ajor economist 
up to the twentieth century to examine fully the 
problem of resource exhaustion. The main thrust on 
the depletion issue was to come from conservationist 
writers, rather than from economists.

II. CONSERVATIONISTS AND THE PROBLEM OF 
NATURAL RESOURCE ATTRITION

Concern over natural resource scarcity re-emerged 
at the beginning of the twentieth century when 
American conservationists warned of excessive de
pletion and imminent exhaustion of U. S. stocks of 
extractive resources. Thus, to the classical spectre 
of diminishing returns, conservationists added the 
dismal prospect of a shrinking resource base.

Conservationist Tenets Several unique features 
characterized the conservationist position. First, 
early conservationists often harbored an anti-market 
bias. They suspected that a private property, free- 
market economic system inevitably promoted exces
sive rates of resource depletion. Specifically, conser
vationists claimed that the profit motive induces, and 
private ownership allows, the rapacious and profligate 
current exploitation of resources. Resource owners 
were criticized for selfishly disregarding the needs of 
the future in their impatience to maximize present 
profits. The market, too, was said to be short-sighted, 
sacrificing high-priority future uses for low-priority 
present ones. Thus, the time distribution of resource 
use was described as being strongly biased against the 
future; natural wealth, it was claimed, is squandered 
in the present at the cost of an impoverished poster
ity. Owing to their distrust of the price system, 
conservationists advocated resource management by 
government agencies. Such agencies, it was believed, 
would prevent current resource waste and would pre

serve resource stocks for the benefit of future gener
ations.

Second, conservationists adhered to a physical, as 
contrasted with an economic, concept of resource 
wealth. A ccording to the economic concept, natural 
resource wealth is measured by the present dis
counted value of the expected future stream o f serv
ices to be yielded by the stock of virgin resources. 
Since society’s wealth may be held in form s other 
than idle natural resources, the present values of 
these alternative forms also can be calculated to 
determine which types of assets are more socially 
productive, i.e., which will produce a larger flow  of 
future services. Using the present value concept, 
economists have demonstrated that investments in 
education, research, technology, and reproducible 
capital equipment have been far more productive of 
future and present real income than the mere holding 
of idle natural resources would have been. Older 
conservationists, however, often overlooked this point. 
Their single-use concept of wealth blinded them from 
the realization that natural resources might be more 
valuable and productive if allocated to other uses. T o  
conservationists, proper resource management in
volved the husbanding of physical stocks of particular 
resources rather than the maximization of present 
economic value. Conservationists recommended the 
compilation of elaborate inventories of reserves of 
physical resources. These inventories, it was as
sumed, would adequately represent the value of the 
resource legacy transmitted from  the present to the 
future. Overlooked, however, was the likelihood that 
technical change might alter the economic value and 
the quality-ranking of an inventory’s components. 
Generally, the possibilities of low long-run correla
tions between economic values and physical resource 
quantities were disregarded.

Third, conservationists stressed the concept of eco
logical interdependence. Long before modern ecolo
gists, early conservationists were discussing environ
mental resources and the “ fragility”  of ecological 
equilibrium. Thus, the conservationists’ concept of 
resource attrition included ecological destruction as 
well as mineral-resource depletion.

In stressing resource depletion, conservationists 
contributed the crucial closing link to the resource 
scarcity doctrine. The classical economists had em
phasized diminishing returns stemming from  a grow 
ing demand impinging on a fixed resource supply. 
T o  this, conservationists added the element of a con
tracting supply, thereby making the dismal doctrine 
even more dismal. Thereafter, resource scarcity was 
interpreted as a problem of demand expansion inten
sified by a shrinking supply.
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Dominance of the Dismal View T he classical 
prognosis went virtually unchallenged until the 
1930’s. It is true that in the late nineteenth century 
a few British economists, influenced perhaps by a 
complacent Victorian belief in evolutionary progress, 
admitted that technological progress might postpone 
for several generations the arrival o f the classical 
stationary state. Yet even these economists left no 
doubt that they believed that the race between fecun
dity and technology would eventually be won by the 
former. Thus, the vision of the inevitable stationary 
state persisted, at least as a remote historical destiny 
if not as an imminent threat.

The classical outlook continued to influence think
ing in the post-W orld W ar I decade. For example, in 
the 1920’s, John Maynard Keynes was arguing that 
Malthusian and Ricardian pressures emanating from 
the underdeveloped countries were threatening to end 
economic progress in Britain. Keynes contended that 
diminishing returns operating in the primary prod
uct (food  and raw material) producing sectors of 
Britain’s m ajor foreign suppliers were being trans
mitted to Britain via a secular deterioration in the 
British terms of trade. W ith diminishing returns 
abroad raising the price of primary-product imports 
relative to the price of British manufactured goods, 
more and more exports of the latter would have to 
be sacrificed to obtain a unit of food and raw material 
imports. Keynes feared that the rising real cost of 
primary-product inputs would check industrial prog
ress and lower the standard of living in Britain.

Keynes’s restatement in the 1920’s of the Ricardian 
conclusion marked the close o f an era in which the 
pessimistic resource scarcity doctrine had commanded 
almost universal allegiance (o r  at least perfunctory 
lip service) among economists. After reigning as 
part of the conventional wisdom for more than a 
century, the doctrine was to be severely challenged by 
events and research studies in the next four decades.

III. CHALLENGES TO THE RESOURCE 

SCARCITY DOCTRINE

Emergence of Skepticism B elief in the classical- 
conservationist outlook suffered substantial erosion 
in the 1930’s when a sharp drop in birth rates seemed 
to presage future ^population  rather than Malthus
ian overpopulation. M oreover, the classical theory of 
the stationary state was powerless in diagnosing the 
chronic secular stagnation, thought in some quarters 
to be foreshadowed by the Great Depression o f the 
1930’s. According to the classical theory, long-run 
stagnation is imposed by insufficient resources rela

tive to demand. Yet, according to some analysts, the 
industrial stagnation that threatened mature capital
istic economic systems in the 1930’s appeared to stem 
from a persistent deficiency of aggregate demand rela
tive to resources. In sum, events in the 1930’s weak
ened the credibility of the classical-conservationist 
doctrine. But the real blow came in the 1950’s and 
1960’s in the form of empirical and analytical finding^ 
that refuted classical-conservationist predictions.

Empirical Findings T h e classical-conservation ist 
resource scarcity doctrine, it will be recalled, pre
dicted that diminishing returns and the growing rela
tive scarcity of land and natural resources w ould:
(1 )  lower the productivity of labor, thus driving real 
wages and income per capita to subsistence levels;
(2 )  raise the share of natural resource owners in the 
national income while simultaneously squeezing the 
profit share until the incentive to save and accumulate 
capital had vanished; (3 )  raise labor-capital cost 
per unit of extractive output absolutely as well as 
relative to the cost of nonextractive output; and 
(4 )  slow and ultimately stop output and capital 
growth. M oreover, the classical-conservationist as
sumption o f constant technology denied the possi
bility that natural resource scarcity might be offset 
by resource-saving innovations and by the increasing 
feasibility of substituting capital for land in produc
tive processes.

These forecasts have not stood up well when con 
fronted with empirical data. Studies o f long-term 
economic growth show that the predicted events have 
not yet materialized— at least not in the U . S. and 
other developed countries of the W est. Instead, al
most the opposite of what had been predicted has 
actually happened. Productivity, real wage rates, 
and real income per capita have registered manifold 
increases since the nineteenth century. Long-term 
percentage growth rates of output and capital have 
shown little or no tendency to fall. There has been 
no long-run decline in either the rate of profit on 
capital or the profit share of national income. In 
stead, contrary to Ricardian predictions, the income 
share of natural resource owners has fallen to one- 
third or less of its nineteenth century level, indicating 
the declining relative importance of natural resources 
in the production process. Natural resource inputs 
per unit of output have fallen greatly, as has also the 
percentage share of the G N P  consisting of resource 
products; both trends have occurred as the com posi
tion of output has shifted away from resource-inten
sive commodities and as savings in resource use have 
been achieved in many industries. M oreover, with 
the exception of forest products, labor-capital costs

FEDERAL RESERVE BANK OF RICHMOND 7Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis

March 1973



per unit of extractive (agricultural, forest, mineral) 
output have fallen as fast as the cost o f nonextractive 
output since 1870. Then, too, except for forest prod
ucts, the prices of resource commodities have shown 
little long-run tendency to rise relative to the prices 
of all other goods. Hence, the accumulated evidence 
to date does not substantiate the resource scarcity 
hypothesis. Apparently, technological change has 
provided a powerful offset to diminishing returns. In 
fact, many empirical studies specifying the sources 
of economic progress have attributed a m ajor pro
portion o f the growth of output per capita to tech
nological change, contrary to the predictions o f con
servationists and classical economists.

Empirical research on the behavior of fertility pat
terns also has contributed to economists’ growing 
skepticism of the classical-conservationist doctrine. 
Studies by Gary Becker, Richard Easterlin, Donald 
Bogue, and others have shown that (1 )  parents gen
erally weigh the costs and benefits of having children 
and make rational decisions regarding births, and
(2 )  that human fertility responds voluntarily to 
changing environmental conditions. This evidence 
suggests that the Malthusian assumption of a popu
lation grow ing exogenously at a constant biological 
rate was wrong. Instead, the population growth 
rate is now seen as an endogenous variable influenced 
by economic and social forces. If fertility adjusts to 
environmental pressures, then, as M ill had pointed 
out in the mid-nineteenth century, population growth 
could slow or halt before resource ceilings were 
reached.

Economic Analysis of Conservationist Claims
Paralleling developments on the empirical front in the 
1950’s and 1960’s were studies by economists Harold 
Barnett and Chandler M orse, S. Ciriacy-W antrup, 
H . Scott Gordon, and Anthony Scott. These studies 
critically appraised conservationist arguments and 
demonstrated how economic analysis could be applied 
to problems of natural resource management. The 
studies also revealed wide discrepancies between eco
nomic and conservationist concepts of efficiency in 
resource allocation and specified several errors in 
conservationist reasoning.

First, it is not necessarily true, as claimed by some 
conservationists, that the private-property, profit- 
maximizing, free market system promotes a willful 
disregard for the future and a wasteful spoliation of 
resources. Economists pointed out that, to the con
trary, rational profit-maximizing resource owners 
with accurate foresight would compare the present 
value of future gains from resource preservation 
with the potential current returns from resource ex 

ploitation in determining the most profitable use of 
their resource assets. If society values the future 
availability of resource stocks more than it values the 
uses of currently converted resources, then the pres
ent value of (or, alternatively, the expected rate of 
return on ) resource preservation would exceed that 
of resource exploitation. In this case, profit-m axi
mizing owners would be induced to practice conser
vation. On the other hand, if society values virgin 
resources less than transformed or converted resource 
wealth, it would be socially beneficial, as well as 
privately profitable, to exploit resource stocks. The 
private property, laissez-faire market system per se 
is not necessarily responsible for excessive and pre
mature resource exploitation. In fact, the opposite 
may be true. Many economists think that it is when 
certain vital ingredients necessary to the proper func
tioning of the market mechanism— knowledge, infor
mation, rational behavior, property rights— are ab
sent that non-optimal use of resources may occur. 
For example, premature and wasteful resource use 
may stem from  (1 )  irrationality (non-profit m axi
mizing behavior), (2 )  ignorance of the most profit
able opportunities for resource use or uncertainty 
about future resource prices, (3 )  imperfections in the 
capital market that cause resource owners to discount 
the future at rates higher than those reflecting the 
true opportunity costs of resource conservation, and
(4 )  externalities or spill-over effects of resource use 
not taken into account by individual resource users. 
Government intervention may be justified in such 
cases.2 But the proper immediate policy objective, 
some economists hold, should be correction of the 
market imperfections rather than attainment of phy
sical resource conservation itself.

Common Property R esources The most important 
cause of wasteful resource use, many economists be
lieve, has been the incomplete specification of private 
property rights to scarce natural wealth. Absence of 
property rights has been characteristic of so-called 
“ com m on-property” resources such as underground 
oil pools, oceanic fishing grounds, streams, lakes, and 
the atmosphere. Since no one possessed property 
rights to these resources, no one had the incentive to 
protect them. In such cases, there would be no sole 
owner to limit access to and prevent excessive use of 
the resources. Instead, resources would be treated 
as a free good ( “ N obody’s property is everybody’s 
property” ) and thus overused. People would race

2 It should be noted that some analysts think that certain govern
ment policies may promote a greater than optimal rate of resource 
use. Examples of such policies include depletion allowances, tariffs 
and quotas on raw material imports, unrestricted “free” access to 
national parks, and price regulation in the natural gas industry 
where regulatory authorities establish price ceilings at levels too 
low to permit producers to capture scarcity rents.
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to exploit the resource while there was some left. 
W ith free access, the resource would appear costless 
to individual users, all of whom would endeavor to 
extract the satiation amount. Y et there would  be 
real costs of using resources; in this case, the more 
each individual would take the less there would be 
available for other users (current and future). 
Putting resources to a particular use requires the 
foregoing of alternative uses; other opportunities 
have to be sacrificed. But since there is no price to 
indicate the true opportunity cost o f resource use, the 
individual resource user has neither a way of per
ceiving the cost he imposes on others nor an incentive 
to conserve the resources for higher-valued future 
uses. The result: an inefficient pattern of resource 
exploitation in which higher-valued future uses would 
be sacrificed for lower-valued present uses. (In  
fact, in the “ free good ”  case where resource use 
appears to be costless, some resources may be allo
cated at the margin to near-zero-valued current 
uses.) In the jargon of economics, there is an 
external diseconomy, i.e., a divergence between pri
vate and social cost.

If the resource could be appropriated as private 
property, then the owner could charge a fee for its 
use, thereby restricting access to those willing to pay 
the fee. M oreover, it would be in the owner’s best 
interest to charge the fee that maximized the eco
nomic rent on the resource. This rent-maximizing fee 
would effectively raise the private cost of resource 
use, thereby bringing it into equality with the social 
cost. W ith resource users now paying full cost, 
externalities would be internalized, and resource use 
would be limited to the socially optimal amount. This 
optimal solution could, of course, be obtained via 
government regulation; but only if the government 
acted as though it were the sole owner and levied the 
rent-maximizing user fee. In sum, economists have 
demonstrated that private property, far from  being 
obstructive of optimal resource management, is con 
ducive to it.

Economists have also pointed out that it is not 
necessarily true that an endowment of unexploited 
natural resources is the best legacy the present can 
leave to the future. Over time, a given resource en
dowment may be rendered worthless by changes in 
technology. Even disregarding this possibility, how
ever, it still does not follow that posterity will be 
made better off by a bequest of virgin natural re
sources rather than alternative forms of wealth. 
Those idle natural resources might be more socially 
productive if converted into other types of wealth, 
e.g., plant and equipment or investment in research,

education, training, and other forms of human capital. 
If so, then resource preservation would indeed be 
purchased at a high price, namely, the costly sacrifice 
of these latter forms of wealth plus the additional 
wealth they might have produced. T o  summarize, 
conservation is just one form  of capital investment or 
provision for the future. A s such, it should take 
priority when it is more productive than other kinds 
of capital formation. However, if the yield on alter
native forms of wealth is higher than on natural re
source assets, posterity will benefit more if the present 
invests in resource conversion rather than in resource 
preservation.

The Reversal of Economic Opinion T hese cri
tiques of conservationist tenets, like the empirical 
evidence that contradicted the Ricardian predictions, 
weakened economists’ adherence to the resource scar
city doctrine. Each new study that appeared in the 
1950’s and early 1960’s contributed to a mounting 
skepticism. By the mid-1960’s, many economists had 
abandoned the discredited doctrine. The switch was 
now complete. Economists had become skeptics, rather 
than adherents, of the resource scarcity doctrine.

IV. THE CURRENT DEBATE

Doomsday Computer Models T h e resource scar
city doctrine survives today in the computer models 
that pessimists employ in projecting the future. 
These models consist of systems of interrelated dy
namic equations capable of simulating, from  given 
initial assumptions, future time paths of population, 
pollution, production, and other econom ic-dem o
graphic variables. Embodied in the structure of the 
models, albeit in the form  of interdependent behav
ioral relations rather than simple assumptions, are 
most of the key classical and conservationist postu
lates— including Malthusian exponential growth of 
population, Ricardian fixed limits on the supply of 
land, rapid rates of resource depletion, and irrepar
able ecological destruction in the form of exhaustion 
of the limited pollution-absorbing capacity of the 
environment. M oreover, the computer models fo l
low conservationist tradition in (1 )  stressing the 
physical availability (rather than the economic qual
ity) of natural resources, (2 )  de-emphasizing the 
impact of the continuous exponential trend of scar
city-offsetting technological progress, and (3 )  ne
glecting or overlooking the resource-allocating func
tion of the market price system. Thus, in the 
computer simulations, time does not alter the types 
of material inputs required in the production process, 
technology does not stay the arrival of the ecological 
Day of Judgment, and no price system exists to in
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Chart 3

ALTERNATIVE GROWTH SYSTEMS

Time
EXPONENTIAL GROWTH, OVERSHOOTING,

A N D  SUBSEQUENT COLLAPSE

The left-hand diagram  depicts a case where growth-retardirg feedback mechanisips operate to produce a stable, a s
ymptotically convergent growth pattern. No  such stable behavior is evident in the system illustrated in the right-hand 
diagram, however. Here growth-inhibiting feedbacks are too weak or operate with too long a lag to prevent the 
accelerating growth path from overshooting its sustainable limits. Note also the falling resource ceiling corresponding 
to the assumption that the resource-consuming effects of growth exceed the resource-creating effects of technological 
change. Growth is followed by collapse as the system seeks its greatly reduced sustainable limits.

duce substitution, invention, and other resource-econ- 
omizing and resource-creating responses to particular 
shortages.

Alternative Growth Systems T h e doom sday 
computer models do differ from  the classical R icard
ian system in one important respect, however. In 
the Ricardian model, growth terminates in the sta
tionary state, with population, capital, and output 
stabilizing at their limit magnitudes. By contrast, in 
the doomsday computer simulations there is no final 
stationary equilibrium; instead, growth ends in co l
lapse, with population and output plunging uncon
trollably downward.

This difference in the dynamical behavior of the 
two models stems from  the difference in their struc
tures. The Ricardian model contains a stabilizing 
feedback mechanism that is absent from the computer 
models. Specifically, in the Ricardian model, growth 
produces sharply diminishing returns that act as a 
brake on further growth. By forcing down wage 
rates and capital yields, such diminishing returns 
induce reductions in the rate of expansion of labor 
and capital supplies. M oreover, the closer the system 
is to equilibrium, the stronger is the growth-retard- 
ing force of diminishing returns. Consequently, 
growth slows to zero as resource limits are ap
proached, and the system converges smoothly on its 
stationary position.

N o such stabilizing adjustment mechanisms operate 
in the doomsday computer m odels; or rather they

operate too weakly and with too long a delay to 
prevent disaster. Thus, in the computer simulations, 
growth tends to be explosive and accelerating rather 
than dampened and decelerating. Instead of asymp
totic, convergent sequences, the computer generates 
exponential growth paths that collide with or over
shoot the resource barriers and then rebound dow n
ward rapidly. In sum, a constrained growth system 
can end in either a stable, sustainable equilibrium or 
in reversal and decline, as shown in Chart 3. It all 
depends on the interrelationships among the variables, 
together with their time-lag structures. I f the 
growth-slowing interrelationships are strong and 
operate with but slight delay, the growth system will 
be convergent and self-regulating. But if the growth- 
inhibiting feedbacks are weak and/or operate with 
long lags, then the growth system will tend to 
overshoot its sustainable limits. A nd if these limits 
themselves are shrinking because of the resource
consuming and resource-exhausting effects of eco
nomic expansion, then growth must give way 
abruptly to sharp decline. This latter unstable pat
tern is characteristic of the time paths generated by 
the current doomsday models. That is why the 
prospect these models offer, i.e., catastrophic collapse, 
is more terrifying than the Ricardian prognosis o f 
dull stagnation.

The Stationary State as a Policy Objective A l
though a stationary state does not exist in the pessi
mists’ computer models of the unregulated world
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economy, it is prominent in their policy proposals. 
But the stationary state advocated is of the Millian, 
rather than the Ricardian, variety. Since the com 
puter simulations indicate that natural resource con
straints do not produce a zero-growth state, then one 
must be imposed by human decision, i.e., deliberate 
policy action. In fact, the pessimists present this as 
the only policy solution. In order to prevent catas
trophe, they argue, the zero-growth state must be 
imposed immediately. A ll other measures are useless, 
serving at best to postpone the collapse for a few 
years. For example, the computer indicates that 
even if population growth were halted, land and raw 
material productivity quadrupled, usable resources 
doubled, and pollution cut by three-fourths, apoca
lypse would nevertheless occur sometime in the next 
century because of the continued exponential growth 
of output. Thus, the only recipe for survival is to 
stop all growth— output as well as population.

Halting output growth need not result in an arrest
ing of human progress or betterment, argue the zero- 
growth advocates. Like J. S. Mill, the no-growth 
proponents view the self-imposed stationary state as 
one in which much human activity could be diverted 
from industrial production to intellectual and cultural 
pursuits. M oreover, similar to Mill, they recognize 
that resource-saving, pollution-abating technological 
progress could raise the quality of life in the station
ary state.

Economists’ Critique E conom ists are skeptical 
of the pessimists’ computer models, which they be
lieve to be inaccurate representations of real-world 
dynamic structures. They argue, for example, that 
technological progress is inadequately handled in the 
doomsday models, just as it was in the earlier Ricard
ian and conservationist schemata. A n adequate con
ception of technological progress, they claim, should 
recognize its unique scarcity-alleviating characteris
tics. First, technical knowledge has tended to expand 
continuously at an exponential rate without suffering 
diminishing returns. Although the rate of technical 
change may eventually diminish as it becomes more 
and more difficult to obtain additional knowledge, 
many economists expect this to happen only in the far 
distant future. In the foreseeable future, however, 
there may be no retardation in this source of growth. 
Such technological progress could continue to stimu
late output growth at a constant rate even though 
labor, capital, and natural resources had reached 
zero-growth positions.3

3 Economists have constructed plausible theoretical models in which 
conventional inputs-—labor, capital, natural resources— can be held 
constant, yet per capita output will expand at the same percentage 
rate as so-called “factor-augmenting” technological change.

Second, technological progress may be resource- 
generating, i.e., it may create new uses for formerly 
worthless substances, make available heretofore inac
cessible stocks, and make feasible the extraction of 
formerly high-cost, low-quality materials. In the view 
of many analysts, the supply of natural resources is 
not permanently fixed but rather is an increasing 
function of the level of technical knowledge. The 
resource-augmenting powers of technical progress, 
economists argue, may act to raise resource ceilings.

Third, technical advance improves the potential for 
economizing in the use of particular resources by ex 
panding progressively the possibilities for resource 
substitution. Doomsday computer models, econo
mists claim, fail to capture these continuous, expon- 
entially-expanding, quality-altering, resource-creating 
aspects of technology. Instead, computer analysts 
typically introduce technological change into their 
models in the form of one-shot adjustments to the 
initial resource inventory (e.g., an assumed one-time 
doubling of resource stocks) or to output yields per 
unit of material input.

But the m ajor deficiency of the computer models, 
critics hold, is their failure to allow for changes in 
human behavior. Mechanisms that signal the need 
for change and then induce the appropriate reactions 
are noticeably absent in the computer models. In
stead, behavior patterns are represented by unchang
ing parameters whose magnitudes are estimated em
pirically from past data. Mechanical extrapolation 
of equations containing these parameters then yields 
the exponential growth paths of the doomsday simu
lations.

Adjustment Mechanisms E conom ists, how ever, 
are convinced that things do not work that way. Be
havior patterns do not remain invariant in the real 
w orld ; instead they change, usually in a stabilizing 
manner. Adjustment mechanisms built into the econ
omy insure this. W hen economic conditions change, 
feedback mechanisms provide the signals and incen
tives that induce stabilizing responses. People react 
to the signals by adjusting their behavior patterns. 
For example, when a particular resource becomes 
scarce, the consequent rise in its price signals short
ages and activates the appropriate responses. Users 
endeavor to economize on the high-priced resource, 
perhaps by using substitutes or by developing new 
resource-saving techniques. Resource producers, too, 
find the rising prices provide a strong incentive to 
expand supply, via recycling or extraction from 
lower-grade sources. M oreover, speculators who 
held the resource idle in anticipation of the higher
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price now make it available. A ll these responses 
tend to reduce the resource shortage.

Stabilizing adjustments also would tend to occur if 
all resources were becoming scarce, as in the Ricard
ian model. W ith growing total resource scarcity, di
minishing returns would lower the rate of return on 
capital, thereby inducing capital suppliers to reduce the 
rate of natural resource-absorbing capital accumulation.

Adjustment mechanisms also have obviously been 
at work in altering U. S. fertility patterns, although 
admittedly economists have been unsuccessful in 
specifying precisely what those mechanisms are. 
Fertility has fallen by more than half since 1800, ap
parently in response to increases in affluence, educa
tion, urbanization, and availability and knowledge of 
birth control techniques. Although the long-run 
downward trend was interrupted by an upsurge in 
the 1940’s and 1950’s, the descent of the birth rate 
was resumed in the late 1950’s. Since then it has 
continued to decline sharply. The falling birth rate 
— which is now very close to the zero population 
growth level— has made a mockery of naive Malthus
ian extrapolations of constant biological growth rates.

These are just a few of the stabilizing signal-and- 
response mechanisms that, economists believe, would 
automatically retard and halt growth long before 
resource limits were reached. In sum, economists 
contend that these adaptive mechanisms would trans
form explosive growth paths into dampened, asymp
totically convergent ones.

Correcting Defects in the Price System O n the
issue of ecological deterioration, economists concede 
that pollution and environmental problems have been 
getting worse. But they think it in error to blame 
the price system for these problems, as some of the 
more extreme anti-growth spokesmen have done. 
Economists point out that pollution problems arise 
not because the price system is evil per se but because 
its coverage does not extend to nonappropriable 
“ common property”  resources, e.g., streams, lakes, 
oceans, the air, etc. In the absence of private prop
erty rights, these resources, although scarce, are 
treated as free goods and thus overused. Thus, pollu
tion proceeds without a cost constraint when there is 
no price-cost adjustment mechanism to signal the 
rising scarcity of environmental resources. However, 
economists believe that environmental degradation 
can be controlled by the use of pollution taxes or fees 
(so-called “ licenses to pollute” ) . Such surrogate 
prices levied on the users of common property re
sources would transform social costs into private 
costs (by  “ internalizing the externalities” ) and in
duce the optimal use of those resources.

Costs of a Zero-Growth Solution In general, 
economists oppose the pessimists’ zero-growth pre
scription for minimizing the harmful effects of prog
ress. Halting growth, they note, would not neces
sarily stop environmental pollution, which is a func
tion of congestion and the geographical concentration 
of population rather than of growth. Furthermore, 
such a drastic solution would be far too costly, they 
believe. A ll the potential benefits from  growth neces
sarily would be sacrificed. These sacrifices could 
indeed be formidable. For example, zero world 
growth would mean that underdeveloped countries 
would be frozen at their present levels of poverty. 
A nd in the developed countries, zero growth could 
virtually eliminate the social and economic mobility 
that has been the main avenue of progress and 
achievement for many. Geared to change, the whole 
institutional structure of countries like the U . S. 
would suffer severe strain if zero-growth policies 
were imposed.

M oreover, the extreme zero-growth solution is un
necessary, economists believe. Less severe remedies 
for regulating growth are available. These remedies 
would permit society to reap the benefits of growth 
while minimizing harmful side effects. Specifically, 
defects in the pricing system could be corrected so 
that the true social costs of growth would appear in 
private cost calculations. This internalization of all 
external costs would force private individuals to bear 
the full costs of their actions. It would also provide 
strong incentives for cost-minimizing choices. On 
both grounds, private decisions under the corrected 
price system would be expected to produce a more 
nearly socially optimal pattern of growth.

Finally, although economists agree with biologists 
that growth cannot continue indefinitely, some of 
them nevertheless think it may persist for a long time 
— perhaps several centuries— before ceasing. Par
ticular resources may run short from  time to time, to 
be sure. But with technology continuing to create 
new possibilties for substitution, economists see little 
long-run danger of general resource shortage. A s in 
the past, the problem is less likely to be one o f com 
plete resource exhaustion than one of necessary resort 
to progressively higher-cost, lower-grade resource 
supplies that still exist in abundance. Many econo
mists think that when growth ultimately does 
cease, it will be in the form of a gradual slowing 
down rather than a violent collapse. M oreover, in 
the final no-growth state, the levels o f population, 
per capita incomes and wealth, and technology may 
far exceed the eve-of-destruction levels predicted by 
the computers.

Thomas M . Hum phrey
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