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increase of whichever type of capital is limitative at the margin. At the 'um:nt 
margin in many countries, natural capital is limitative for sustainable develop· 
ment, yet is routinely sacrificed for more man-ma.de capital under the prevail· 
ing model of unsustainable development based on national that treal. 
consumption of natural capital as income. 

We might distinguish a third concept of sustainability th3.1 I would label 
"very weak sustainability." Some authors define sustainability as the maint.e· 
nance of a constant level of utility.'' What is being sustained is now a psychic 
state rather than a physical state. This subjectivist definition incorporaLes 
psychological substitution in the utility function as well as technological substi· 
tution in the production function. In this view, we can learn to enjoy the services 
of man-made capital more relative to the services of natural capital and remain 
equally happy as the former is continually substituted for the latter (the "Dis­
neyland effect"). The appeal to economists of the subjectivist view is that it 
allows sustainability so defined to fit directly into the discounted utility maxi­
mizing theoretical framework of neoclassical economics. The overwhelming 
operational disadvantage is that it defines one imprecise concept (sus· 
tainability) in terms of something even less definable-utility, nay, discounud. 
future, aggregated utility!'9 It is betterto aim at something more opera1ional by 
sticking with 1he physical approach of lhe ecologist. It is impossible for the 
present to bequeath happiness or utility to the future. The only thing that can be 
passed on is natural and man-made capital (also knowledge, although that has 
to be taught and learned, not just bequeathed). The physical approach can 
provide a definition of sustainability that can be imposed as a constraint on the 
maximization of utility in neoclassical models. Sustainability should not refer 
to a psychic state, but rather to a state of the biophysical world. namely a 
condition of dynamic equilibrium between the physical dimensions of the 
economy and the larger environment of which it is an open subsystem. In this 
view the major determinant of sustainability is likely to be the physical scale of 
the economic subsystem relative to the containing ecosystem. 

An operational approach to sustainability that does nol hinge on resolution of 
the substitutability question is to adjust national accountS so as to arrive a1 a 
closer approximation of Hicksian income than that given by NNP. One way to 
do this is to subtract from NNP two categories of expenditure that mca..-urt' 
nonsustainable activities. First, subtract an estimate of the value of natural 
capital depreciation. Second, subtract an estimate of or n'grt'nahly 
necessary expenditures made to protect ourselves againsl the unwanlcd side 
effects of other production. 20 

The main idea of Hieksian income is captured in the definition of sustainahk 
development offered by the Brundtland as development that 
"meets the needs of the present without compromising the ahility of futun: 
generations to meet their own needs." TWo questions will arise in any ancmpt " ' 
make this definition operational. First, the "needs of the present" rcquin' some 
distinction between basic needs and el!travagant wants. If needs of the present 
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indu<.l~ an aull'ml>bih: tor ~a.:h of a billion Chinese, then sustainable develop­
ment is impossible. Sustainabl~ development is about sufficiency as well as 
cftki,·rn:y. &,·on<.!. the "ability of the future generations to meet their own 
nenls" may b.: interpreted as o:quiring either strong or wealc sustainability­
that ~rva..,ive issue of substitutabi lity surfaces again. 

At what levd <>f community is sustainability to be sought?22 International 
tr.Jde allows one .:ountry to dro~w on the ecological carrying capacity of another 
country. yet both together might be sustainable in their symbiotic relationship. 
How does trade affect sustainability defined at the national level? This brings us 
again to tho: question of complementarity versus substitutability of natural and 
man-made capi1.3.1. If we follow the path of strong sustainability (natural and 
man-made: capital are more complements than substitutes), then this comple­
mc:nta.rity must be respected either at the national or at the international level. A 
single country may substitute man-made for natural capital to a very high 
degree if it can import the products of natuJal capital (i.e., the ftows of natural 
o:sourt:es and natural services) from other countries that have retained their 
natural capital to a greater degree. ln other words, the demands of complemen­
tarity can be evaded at the national level, but only if they are respected at the 
international level. One country's ability to substitute man-made for natural 
capital depends on some other country's malcing the opposite (complementary) 
choice. 

There are strong theoretical and commonsense reasons for believing that 
natural and man-made capital are complements. Natural resource stocks yield a 
ftow of natural resource inputs that is physically transformed by stocks of man­
made capital and labor into a ftow of product outputs. There may be a great deal 
of substitutability between labor and man-made capital (the two agents of 
transformation) or between the various resource ftows (that which is being 
transformed). But the main relation between that which is being transformed 
and the agent of transformation must be one of complementarity, not substi­
tut.ability. Otherwise we could build the same wooden house with, say, half the 
lumber and twice as many saws and carpenters. Of course one could substitute 
brick or fiberglass for lumber, but that is the substitution of one resource flow 
for another, not the substitution of man-made capital stock for a natural 
resource ftow. The agent of transformation (efficient cause) and the substance 
being transformed by it (material cause) must be complements.ll Also we 
should not forget the obvious fact that production of capital itself requires 
natural resources-the production of the "substitute" require.s the very thing 
being substituted for! For these reasons strong sust.ainability is the fundamental 
concept. Wealc sustainability is an option for a single country only in the 
context of a set of trading countries that talcen together meet the conditions of 
strong sustainability. Consequently, we must distinguish closed from open 
economy concepts of carrying capacity. ln the former, the nation must draw 
only on its own ecosystem for everything. In the latter, drawing on other 
ecosystems and economies is permitted as long as import.s are paid for by 



current eKports. Subsidies and continuing unpaid debls are el!cluded, though 
international trade is permitted. 

Sustainable development ultimately implies a st.alionary population. Pen­
ultimately, however, there remain possibilities of substitution between popula­
tion siz.e and resource use per capita, since it is really the product of these two 
factors that is limited by biophysical constraints. Sustainability is compalible 
with a large population living at a low level of per-capita resource use, or with a 
small population and high levels of resource use per capita. For many coun­
tries, resource consumption levels are below sufficiency, yet ecological carry­
ing capacity has already been eKceeded (e.g., Haiti, El Salvador). In such cases 
population control is a precondition rather than an ullimate consequence of 
sustainable development. 

Sustainable development does not imply constant technology, nor is the 
concept rendered unnecessary by technological progress. New technology can 
have positive or negative effects. Technologies that increase resource produc­
tivity will reduce the pressure on natural capital stocks to yield increasing ftows 
of natural resources. New technology, which increases the productivity of man­
made capital and labor, frequently requires processing a greater flow of re­
sources and ihus creaies a tendency to reduce resource productivity in the 
interests of raising capital and labor productivity. Historically, technolog.ical 
progress has favored capital and labor productivity at the eKpense of resource 
productivity (e.g., declining energy productivity in agriculture resulting from 
greater use of energy per unit of labor and capital, with consequent increase in 
labor and capital productivities). Sustainable development implies a different 
direction of technical progress, one that squeezes more service per unit of 
resource, rather than one that just runs more resources through the system­
one that is efficiency-increasing rather than throughput-increasing~ne that 
does not sacrifice natural resource productivity and, if necessary. will sacrifice 
labor or capital productivity instead. This will be politically difficult due to the 
tie between marginal productivity and income for all factors. In our society. 
labor and capital are much stronger social classes than are landlords (resource 
owners). Naturally each class prefers those technologies that increase its own 
marginal productivity and income. In earlier times. the landlord was dominant 
a.nd preferred labor-intensive technologies (and large populations) that in­
creased the marginal product, and rent, of land. Nowadays the political demise 
of the landlord has left land (resources) withoot a social class to champion its 
higher price and productivity. Resources tend to be used lavishly in the interests 
of labor and capital productivity. This works against sustainabil ity. 

The most obvious principle of sustainable development is that rcnewat>k 
resources should be eKploited on a sustained yield basis. The choic<: among 
many sustained yield levels can be made on the criterion of profit maximi7.a­
tion. In general the profit-maximizing stock level at which to maintain the 
e~ploited population will not be that com:sponding to the biologically maxi· 
mum sustainable yield. For wild populations it will be greater (assuming rising 
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,·osts of .:aplun:l; ti>r cullivaled popula1ions il will be less (assuming rising cosiS 
of maintenance). Only with constant cos1s will the biological yield maximum 
.:oin.:ide with 1he economic profit maximum. 

A major problem for sus1ainable developmenl is how 10 treat nonrenewable 
n:soun:c:s, which by defini1ion have no sustainable yield, at least on time scales 
relevant 1o human .:11perience. A way of handling Ibis problem is suggested in 
an ing~nious paper by Salah El SerafyY He shows how to divide net receipts 
from a nonrenewable resource imo an income component that can be consumed 
.:a.:h year and a capital component that must be invested each year in a 
ren.:wable asset that yields a rate of return such that, at the end of the lifetime of 
lh< oonrenewable resource (reserves divided by rate of depletion), a new 
renewable asset will have been buill up to the point at which it can yield a 
perpetual stream equal to the i.ncome component of the now depleted nonrenew­
able resource. A somewhat similar principle was suggested by econom.ist John 
lse back in the 1920s, namely to use up the nonrenewable resource at a rate such 
that its pr ice will be equal to the price of its nearest renewable substitute. In 
other words. resources should be priced according to their long-run replace­
men! costs. El Serafy's rule is more oriented to the operational problems of 
proper income accounting rather than pricing and does not require the identi­
fication of a specific long-run renewable substitute. It does implicitly assume, 
however. that there is something useful in the real world that is capable of 
growing at a rate equal to the rate of discount used in calculating the income 
component. It would seem that that something must be some renewable re­
source service. that is. the biological growth rate of renewable resources plus 
the technological rate of growth of the productivity of all resources (not the 
productivity of labor or capital, but of resources). Also, the analysis assumes a 
chosen or given rate of depletion, which is often taken by economists as that 
which is to be det.ermined. El Serafy's method does not answer the traditional 
question of what is the optimal rate of depletion, but rather tells us how much 
we can sustainably consume and how much we must invest of receipts from a 
nonrenewable resource under different discount rates, depletion rates, and 
reserves. It sets the guidelines for exploiting nonrenewable resources under a 
regime of sustainable development. 

H we take sustainable development as our guiding principle, then the projects 
we finance should. ideally. each be sustainable. Whenever that is not possible 
(e.g .. nonrenewable resource extraction) there should be a complementary 
project that would insure sustainabi lity for the two taken together. A portion of 
the receipts from nonrenewable extraction should be invested in a renewable 
asset in an annual amount such that, given the renewable asset growth rate and 
the life expectancy of the nonrenewable asset. the former will provide a 
permanent income stream equal to the part consumed annually of the receipts 
from the latter. This is the basic principle underlying the El Serafy method, just 
discussed, only here it is applied at the project or micro level rather than at the 
macro level of national income accounting. 

Al.so, if projects must be sustainable, then it is inappropriate to calculate the 



benefits of a sustainable project or policy alttrnalive by comparing it with an 
unsustainable option-i.e., by using a discount rale thai reftects ~of return 
on ahernalive uses of capital that are themselves in the majority of cases 
unsustainable. For example, if a sustainably managed forest can yield 4 percent, 
and is judged uneconomic in comparison with a discount rate of 6 percent, but 
on closer inspection the 6 -percent d iscount rate turns out to be based on 
alternative uses of capilalthat are unsustainable (including perhaps the unsus­
tainable use of that same forest), then clearly the decision boils down to 
sustainable versus unsustainable use. If we have a policy of sustainable develop­
ment, then we choose the sustainable alternative, and the fact that it has a 
nega1ive present value at an unsustainable discount rate is inelevant. The 
discount rate must reflect the rate of return on alternative sustainable uses of 
capital if we are to have a policy of sustainable development. The efficiency 
allocation rule (maximize present value) cannot be allowed to subvert the very 
goal of sustainable development by application of an unsustainable discount 
rate (i.e., a discount based on alternative uses of capital that are unsustainable). 

Sustainability of an investment project is a benefit . In general an extra benefit 
usually requires an extra cost. A policy of sustainable development means thai 
we are willing to pay that cost. at least within reason. The above discussion 
suggests two alternative ways of evaluating projects in a regime of sustainable 
development; the first is a halfway measure, the second is more complete. ( I) 
Use a discount rate that excludes nonsustainable projects from the alternative 
uses of capital when evaluating sustainable projects. Likewise, investments in 
nonsustainable projects should be evaluated on the basis of a d iscount rate 
reflecting only alternative nonsustainable projects. Allocation bctwcen these 
two broad categories is not addressed by this splitting of the discount !llie and 
remains undetermined. (2) A better way is to pair unsustainable projecl~ with 
sustainable ones and count only the income component of receipts in calculat ­
ing rate of return on all projects. The single discount rate would then measure 
the rate of return on alternative projecL~. all of which (paired) are sustainable.~~ 
Perhaps the " pairing" of projecL~ need not be explicit. Count ing only the 
income component in calculating the rate of return on unsustainable projects 
may be sufficient, on the assumption that the capital component is invested in a 
sustainable project with a growth rate equal to the discount rate used in 
separating the income and capital components. 

Summary and Conclusions 

The major conceptual issue we must resolve in thinking about ec:on••mk 
development and the environment in the next decade is to integrate the lmc·way 
throughput as the basic starting point of economic analysis. even more funda· 
mental than the circular flow. Next is to distinguish clcwly the problem ••f the 
optimal allocation of the throughput from that ofits optimal scale. Our attention 
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will1h~nnalur.1lly to.-.:.:•m~ ti:•:us.:d l>n how to limitlhe scale IO an optimal. or at 
kasl suslainat>lc:. kvd. ~~~by giving lhe suscainable development discussion a 
bit mun: vt' a th~,>~tkal foundalion than it has had to date. From there. we can 
~gin to inv~stigat~ ,,perJiional principles of sustainability, such as those 
dis..:us~d h~~ and summarized below. 

{I l The: main prin.:iple is to limit che human scale to a level that, if not 
,>ptimal. is ac lease within carrying capacity and therefore sustainable. Once 
..:arrying ..:apa.:icy hll$ been reached. the simultaneous choice of a population 
l~vc:l and an average .. standard of living" (level of per-capica resource consump­
tiool becomes necessary. Sustainable development must deal with sufficiency 
as ..-.dl as dticiency. and cannot avoid limiting scale. An optimal scale would be 
one a.t which the long-run marginal costs of expansion are equal to the long-run 
marginal benefits of expansion. Until we develop operational measures of cost 
and be~ fit of scale expansion, the idea of an optimal scale remains a theoreti· 
..:al formalism, but a very imponant one. The following principles aim at 
translating this general macro level constraint to the micro level. 

(~) Technological progress for sustainable development should be effi. 
cicncy-increasing rather than throughput-increasing. Limiting the scale of 
resource throughput would induce this technological shift. 

(Jl Renewable resources, in both their source and sink functions, should be 
e.\ploited on a profit maximizing sustained yield basis and in general not driven 
10 extinction since they will become ever more important as nonrenewables run 
out. Specifically this means that: (a) harvesting rates should not exceed regener­
ation rates; and (b) waste emissions should not exceed the renewable assimila­
tive capacicy of the environment. 

H) Nonrenewable resources should be exploited, but at a rate equal to the 
creation of renewable substitutes. Nonrenewable investmenis should be paired 
with renewable invest~nts and their rates of return should be calculated on the 
basis of their income component only, since that is what is perpetually available 
for consumption in each future year. If occasionally a renewable resource is to 
be depleted in a nonrenewable fashion (driven to extinction), then the same 
pai.ring rule should apply to it as for a nonrenewable resource. Thus the mix of 
renewable resources would not be static, but there would be a compensating 
re~wable investment for every divestment. 

Perhaps there are other pr inciples of sustainable development as well, and 
certainly those listed above need to be refined, clarified, and made more 
consistent between the micro and macro levels. But these four are both an 
operational starting point and a sufficient political challenge to the present 
order. Will the nations seeking sustainable develop~nt be able to operational­
ize a concept from which such "radical" principles follow so logically? Or will 
they, rather than face up to population control, wealth redistribution, and living 
on income, reven to the cornucopian myth of unlimited growth, rechristened as 
"sustainable growth'"? It is easier to invent bad oxymorons than to resolve real 
contradictions. 
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NOTP.: I am indebted for helpful comments to S. Davis, S. El Serafy. P. Ehrli<:h, 
R. Goodland, P. Knight, R. Overby, and the editors ofbotbPopulotioo and DewiQ~nt 
R~view and the Hoover lnstiiUtion Conferenu. Earlier versions of partS of this d>aper 
were presented at a conference on development and environmem, sponsored by the 
Italian Ministry of the Environment , Milan, March 19811. This chaper appeared origi· 
nally in Population and Development &view, 1990; reprinted from kscurus, Environ· 
menr. and Population: Pr~sent Knowledge, Future Options, The Population Couoci.l. 
1991. 

NOTES 

I. An example of the consequeQCes of nonrecognition of the distinction between sule 
and allocation can be found in H.E. Daly, "Review of National Research Council. 
Population Growth and Economic Development: Policy Quesiioos, ~ in Population 
and Development Review, Vol. 12, No.3, September 1986, pp. 582- 585. A similar 
distinction is made in D. W. Pearce, "Foundations of an Ecological Economics." 
Ecological Modelling 38, 1987, in which he develops the idea of an ecologically 
bounded economy and argues that sustainability cannot be derived from the rnarktt 
mechanism. 

2. This distinction is not the result of any idiosyncratic redefinition. h is explicit in the 
dictionary's first definition of each term. To grow means. literally, "to increase 
naturally in size by the addition of material through assimilation or accretion." To 
develop means "to eKpand or realize the potentialities of; bring gradually to a fullc:r. 
greater, or bener state" (The American Heritage Dictionary of the English Lan· 
guage). 

3. Nicholas Georgescu-Roegen, The Entropy Law ond the £C'onomic ProC't'SS (Cam· 
bridge, Mass.: Harvard University Press, 197 I). 

4. KeMeth Boulding, "The Economics of the Coming Spaceship Earth ... in Henry 
Jarreu, ed., EnYironmental Qtu~lity in a Growing Ec-onomy (Baltimore: Johns 
Hopkins University Press, 1966). 

5. A. V. Kneese, R. V. Ayres. and R. C. d'Arge. f.cONJmics and thL Em·ir(Wrl~tit: A 

Materials Balance Approach (Washiogton, D.C.: Resources for the Future 1970). 
6. Some explicitly announce in bold prinl that "the tlow of output is circular. self· 

renewing , and self-feeding." See Roben Hcilbroner and Lester Thurow. TN Em· 
nomic Problem (New York: Prentice-Hall 1981). 

7. A recent treatise by Charles Perrings (£conmny and Em-ironment. Caml>rid!!c 
University Press. 1987) is an important theoretical contribution to .. -ard intcj!r:ttinj: 
the concept of throughput and the laws of thermodynamics with Sl>ndard c.:o­
nomics. 

8. H. E. Daly. "The Circular Aow of E~change Value :111d the Line.~r Thmuj:hrut of 
Mancr-Energy: A Case of Misplaced Concreteness ... Rf'••ino.· of Social 1-:cnN>m•·. 
December 1985. 

9. Pelcr M. Vitousek, Paul R. Ehrlich, Anne H. Ehrlich. and Pamela A. Mat~m. 
"Human Appropriation of the Products of Photosynthesis ... BioS,·icn.-r. Vol. -~~. 

No. 6, May 1986, pp. 368-373. The definition ofhumllll approl'l'iation undcrlyonf 
the figures quoted includes direct u~ by human beings (fnod . fuel. fiber. timber I 
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plus th<' re<Ju,·ti,m from th<' po.>t"nciaJ dU<O to dc:grudation of ecosystems caused by 
humans. The Iauer rellcct,; <.lcfon:st.alioo, d<'sertilic81ion. paving over. and human 
conv.,rsioo to t.:ss proJu.:tivc systcms (sud\ as agricuhll~). 

10. In ,.~ <•f the scriousn.:ss of thc situation, it is distressing to lind economists of the 
calib.:r of W. J. &umol still writing complacent anicles ("On the Possibility of the 
Continued E.'pansion of Finite Resources, .. Kyklos. May 1986). Baumol Oatly 
st~t.:s that ··T(ChnologicaJ progress makes it feasible both absolutely and in eco­
nomic terms to obWn ever increasing amounts of usable resource from a given 
soun:" (such a.s an oil well)" (p. 170). One suspects that such non.sense resulted 
from .:an:less editing. b.:cause the point seems to be only panially reaffirmed in 
Baumol"s conclusion that " . . . measured in terms of their prospective contributions 
to hwn:lll w.:lf=. the available quantity of the world's exhaustible resources may 
ri se forever. year after year. However, even though they may never approach 
disappearance:. the consumption of their services will eventually have to decline 
and. ultimately, approach zero asymptotically" (p. 178). To the extent that (contrary 
to the first quotation, but implicit in the second) Baumol's argument is based on the 
possibility of increasing the efficiency of resource use rather than the amormt of 
resources used (development instead of growth), then the issue is simply one of 
expectations about how far efficiency can increase. If Baumol's optimism on this 
score is correct, that will make it less painful to limit scale but will in no way make 
it possible for scale to continue growing. Indeed, in Baumol's model, scale i.s 
absent: there is no consideration of population, and resource extraction approaches 
zero (in contradiction to the first quotation) even though the contribution of re­
sources to human welfare rises forever ! While the article makes many good points 
about efficiency and substitutioo, I confess that the vision of infinitesimal rates of 
depletion of resources that have become infinitely productive strilces me as mathe­
matical fun and games with infinity, rather than serious economics. 

II . Lauderdale, An Inquiry inlo 1he Na1ure and Origin of Public Weabh and into the 
MeOIIS and Causes of Its Increase 2d ed. (Edinburgh: Arcllibald Constant and Co., 
1819). p. 44. 1 am indebted to Mr. George Foy fortllis reference. 

12. Talbot Page. ConservaJion and Economic Efficiency (Baltimore: Johns Hopkins 
University Press. 1977). 

13. Present value maximization attempts to allocate resources efficiently over time. But 
ooce intergeneralional time periods are encountered, we escape the domain of 
allocation and must speak instead of distribution. Different general ions are different 
pe<~ple. Dividing the resource base among different people is distribution; dividing 
it among different uses for the same group of people is allocation. 11le former is a 
maner of justice, the latter of efficiency. Present value maximization (discounting) 
over intergenerational time conflates allocation and distribution. 

14. Charles Perrings. Economy and Environment. 
15. J. R. Hicks, Value and Capital (Oxford: Oxford University Press. 2nd Edition, 

1946), p. 172. 
16. This lack of generaliz.ability can be seen from the following back-of-the·envelope 

calculation. based on the crude estimate that the United Slates cum:ntly uses one· 
third of annual world resource ftows (derived from National Commission on Mate­
rials Policy, Material Needs and the EnvirOflnl('n/ Today ondTomorr(IW,tWashing­
ton , D.C.: U.S. Government Printing Office, 1973]). Let R be CWTtnt world 
resource consumption. Then R/3 is current U.S. resource consumption, and R/3 
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divided by 240 million is present per-<apit.a U.S. resource coniumption. Current 
world per-capita resource consumption would be R divided by 5 billion. For future 
world per-capita resource consumption 10 equal present U.S. per-capita coruump­
tion, assuming constant populalion, requires that R increase by~ multiple. call 
it M. Then M times R divided by 5 billion must equal R/3 divided by 240 millioo. 
Solving for M gives 7. World resource flows mus1 increase sevenfold iC aJI peopk 
are to consume resources at the present U.S. average. Current resource use rau:s are 
provoking ecological feedbacks such as the gJUnhouse effect and ozone depletion. 
Imagine the consequences of a sevenJold increase! 

But even the sevenfold increase is a gross underestimate of the increase in environ· 
mental impact , for two reasons: first, because the calculation is in terms of current 
Rows only, with no allowance for the increase in accumulated stocks of capital goods 
necessary to process and transform the greater flow of resources into final products 
(some notion of the magnitude of the extra stocks needed comes from Harrison 
Brown's estimate that the "standing crop" of industrial metals already embodied in 
the existing stock of artifacts in the 1en richest nation.s would require more than siuy 
years' production of these metals at 1970 r.stes); second, because the sevenfold 
increase of nei, usable minerals and energy will require a much greater increase in 
gross resource flows, since we must mine ever less accessible deposits and l~r 
grade ores. It is the gross Row that provokes environmental impacL 

17. Natun.l capital may be divided into marketed and nonmarketed natural capit.al. The 
former yields the flow of priced natun.l resources; the latter yields the flux of 
unpriced natwal life-support services. The term "natural capital'" is a bit awk~~owd 
because capit.tl has traditionally been defined ns produced (man-made) means of 
production. The term "land" in earlier times meant something equivalent to natur.tl 
capital, but has now lost thai meaning . The term "natural capit.al" is used to call 
auention to the fact thai then: is a stock of natural assets that yields a fl""· of 
resources and services and that require maintenance in the face of depreciation. and 
whose consumption cannot be counted as income. 

18. See for example John Pezzey, ··Economic Analysis of Sust.ainable Growth and 
Sustainable Development" (World Bank, Environmental Dcpanment Working Pa· 
per No. 15, March 19119). Pezzey is well nwarc of the difficulties discussed ohovc. 
but set for IUmself the task of analyzing sustainability from within I he neoclassical 
paradigm. Ahhough I think it is fair 10 say that Peuey aimed to demonstrate the 
usefulness of the neoclassical npproach. the basic honesty or his l'Chlllar.~hip 

resulted in what is to my mind a demonstration of its severe limits. 
19. Discounting is an operational cone(:pt when applied to money in the bank that is 

growing at a rate of interest. By extension, it can. within limits. be applied to trees 
in a forest or fish in a pond, as long as we remember that there is a limit to hov• many 
trees there can be in the forest and how many li~ there can be in the pond-v•hik 
there is no limit to how much money there ca.n be in the bank. But 10 disc<>unt 
utility, a psychic experience that cannot be accumulated or saved. and which ha~"" 
natun.l tendency to grow in any ca.~e. is 10 commit Whitchcad·s fallacy of mispla··~d 

concreteness. Funhcrmore. to aggregate this future psychic ClJlCrit-n..·c acn"' 
individuals before discounting it by a nonexistent natur.1l ~rowth rate b h> l~>sc 

touch completely with any possibility of a real-world counlcrpan to the parcr·and · 
pencil operation. 

20. This and other ways of adjusting the national accounts an: discus.cd in Ernst Lu11. 
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and Sll.lah El Scrafy. cds .. Environm.mtal A<'<'<JUnting and Sustoinob/e DewlopmeN, 
edia.:d by YU$u{ J. Ahmad. Salah El Scrafy, and Emsl Lutz (Washington, D.C.: 
World Bank. 1989). 
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REVIEW OF 

THE ULTIMATE RESOURCE 

by Julian Simon 
Princeton University Press 

This book is an all-out anack on neomalthusian or limits-to-growth think· 
ing and a plea for more population and economic growth, both now and into 
the indefinite future. It is not a shotgun attack. Rather it is an attack with a 
single-shot rifte aimed at a single (but critical) premise of the oeomalthusian 
position. 

If Simon hits the target, then neomalthusian arguments collapse. If Simon 
misses the target, then all neomalthusian first principles remain unscathed, and 
Simon's progrowth arguments collapse. The critical premise that Simon attacks 
is that of the finitude of resources, including waste absorption capacities. Other 
premises from which neomalthusians argue include the entropy law and the 
vulnerability of ecological life-support services. 

Simon's theoretical argument against the finitude of resources is thai: 

The word "finite" originates in mathematics. in which context we all learn it as 
schoolchildren. But even in mathematics the word's me.:uring is far from unam­
biguous. It can have two principal meanings. sometimes with an apparent contradic­
tion between them. For example, the length of a one-inch line is finite in the sense that 
it bounded a1 both ends. But the line within the endpoints contains an infinite number 
of points; these points cannot be counted, because they have no defined size. 
Therefore the number of points in that one·i.nch segment is n01 finite. Similarly, the 
quantity of copper that will ever be available to us is not finite, because there is no 
method (even in principle) of making an appropriate count of it, given the problem of 
the economic definition of "copper, ~ the possibility of cruting copper or its eco-
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nomic equivalent from other mau:ri.als, and 1hus lhe Jack of boundllrie110 lhe >OUttel 

from which copper mighl be drawn. 

Two pages later he drives home the main point in connection with oil: 

Our energy supply is non-finite, and oil is an imporun1 eumple ... the numbet of 
oil wells that will even1ually produce oil, and in whal quanti1ies, is noc i.oown or 
measurable al present and probably never will be, and hence is DOl muningfuUy 
fin.ile. 

The fallacy in the last sentence quoted is evident. lf I have seven gallons of oil 
in seven one gallon cans, then it is countable and finite. If I dump one gallon of 
oil into each of the seven se<~s and let it mix fora year, those seven gallons would 
no longer be countable, and hence not "meaningfully finite," therefore infinite. 
This is straightforward nonsense. 

The fallacy concerning the copper is obscured by the strange fact that Simon 
begins with a correct distinction regarding infinity of distance and infinity of 
divisibility of a finite distance, and then as soon as he moves from one-inch 
lines to copper with nothing but the word "similarly" to bridge the gap. he 
forgets the distinction. It would be a wonderful exercise for a class in freshman 
logic to lind the parallel between Simon's argument and Zeno's paradox of 
Achilles and the tortoise. Recall that Zeno "proved" that Achilles could never 
catch up with a tortoise that had a finite head start on him. While Achilles 
traverses the distance from his starting point to that of the tortoise, the tortoise 
advances a certain distance, and while Achilles advances this distance. the 
tortoise makes a further advance, and so on, ad infinitum. Thus Achilles will 
never catch up. 

Zeno's paradox confounds an infinity of subdivisions of a distance. which is 
finite, with an infinity of distance. This is exactly parallel to what Simon has 
done. He has confused an infinity of possible boundary lines be1ween copper 
and noncopper with an infinity of amount of copper. We cannot. he says. make: 
an "appropriate count" of copper because the set of all resources can be 
subd ivided in many ways with many possible boundaries for the subset copper. 
because resources are " inlinilely" substitutable. Since copperc:mnot be simply 
counted like beans in a jar, and since what cannot be coun1ed is not finite. i1 
"follows" that copper is not finite, or copper is infinite. 

Simon has argued from the premise of an "infinite" substitulability amonl) 
different elements within a (finite) set1o the conclusion of the infinity of the !'Ct 
itself. But no amount of rearrangement of divisions within a finite ~et can make 
the set infinite. His demonstration that mankind will never exhaust its resoura 
base rests on the same logical fallacy as Zcno's demonstr.llion that Achilles will 
never exhaust the distance between himself and the tonoisc. Simon's ar~tumcnt 
therefore fails even if we grant his premise of infinite suhstilutahility. whi<'h 
gets us rather close to alchemy. Copper is after all an elemem. and the trans­
mutation of elements is more difficult than the phrase "infinile sul"lstilulahility"' 
implies! Indeed, Simon never tells us whclhcr "infinite substitutabilil~.-· means 
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infinite: substitula.bi lity at t.lc:dining .:osts, constant costs, increasing costs, or at 
infinite c·osts! Of .:our.><: Simon could simply assert that the total set of all 
n:soun:es is inlinih: , but this would be: a bald assertion, not a conclusion from 
an ar~un~<nt ba.sc."t.l on substitutability, which is what he has attempted. 

Simon appeals to the unlimited power of technology to increase the service 
yiddet.l per unit of resource as further evidence of the essentially nonfinite 
natun: of n:s<lun:es. If resoun:e productivity (ratio of service to resources) were 
pot~ntially infinite. thc:n we could maintain an ever growing value of services 
with an ev~r smaller flow of resources. If Simon truly believes this, then he 
shlluld jilin those nc:omalthusians who advocate limiting the resource ftow 
pfl:\:isdy in llrdc:r to force technological progress into the direction of improv­
ing total resource productivity and away from the recent direction of increasing 
tntc:nsity of resource use. Many neomalthusians advocate this even though they 
bc:li¢ve the scope for improvement is finite. If one believes the scope for 
improvement in resource productivity is infinite, then all the more reason to 
restrict the resource ftow. 

Those who are loud in their praise of Simon are the same people who would 
have bet on the tortoise, and ace now betting on infinite resources. Simon's 
ultimate criterion for the validity of an argument seems to be willingness to 
.. put your money where your mouth is." (See his grandstand offer on page 27 to 
b.!:t anyone any amount, up to aS I 0,000 total, that the real price of any resource 
will not rise.) Be suggests that the current heavy betting by speculators that the 
resource tortoise will stay ahead of the Achilles of demographic and economic 
growth is the best available evidence of the final outcome of the race. But it 
could in fact be the best available evidence that speculators are interested only 
in the sho11 run. or that there is a sucker born every minute! In any case "put 
your money where your mouth is" is a challenge to intensity of belief, not 
correctness of belief. It is the adman's customary proof by bombastic proclama­
tion. 

But what about Simon's empiric.al evidence against resource finitude? It faces 
no bener than his fallacious attempt at logical refutation. Be leans heavily on 
two expert studies: "The Age of Substitutability" by Weinberg and Goeller 
(Science, February 20, 1976), and Scarcity and Growth by Barn.ett and Morse. • 
His use of these studies is amazingly selective. 

From Weinberg and Goeller he quotes optimistic findings of "infinite" 
substitutability among resources, assuming a future low-cost, abundant energy 
source. This bunresses Simon's earlier premise of "infinite" subdivisibility or 
substitutability among resources. But it does not lend support to his fallacious 
conclusion that resources are infinite and therefore growth forever is possible. 
More to the point, however. is that Weinberg and Goeller eKplicitly rule out any 
such conclusion by stating in their very first paragraph that their "Age of 
Substitutability" is a steady state. It assumes zero growth in population and 
energy use at the highest level that Weinberg and Goeller are willing to say is 
technically feasible. And they express serious reservations about the social and 
institutional feasibility of maintaining such a high consumption steady state. 
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Furthermore, the levels envisioned by Weinberg and Goeller, though cornu­
copian by general consent, are quit.e modest by Simon's standards: world 
population in the Age of Substitutability would be only 2.5 times the preseoi 
population, and world energy use would be only 12 times present UM:. This 
implies a world per-capilli energy usage of only 70 percent of current U.S. per­
capilli use. The very study that Simon appeals to for empirical support of his 
unlimited growth position explicitly rejects the notion of unlimited growth-a 
fact that Simon fails to mention. 

As further empirical evidence we are served a rehash of the Barnea and 
Morse study. Their finding was that the scarcity of most resources, as measured 
by per unit extractive costs and by relative prices, was decreasing rather th.in 
increasing from 1870 to 1957. Simon gives these arguments as evidence thai 
resources are infinite. 

There is no serious dispute about the Barnett and Morse numbers, but the 
conclusion that resources are becoming ever less scarce is hardly justified. The 
neomalthusians can reply that of course the prices of resources fall during an 
epoch of mineralogical bonanza. But the data cannot be decisive between these 
two views, since they cover only that epoch. 

Barnett and Morse are careful to report an important exception to their 
general find ing of falling resource prices: timber, whose price increased during 
the period. Simon's way of handling this except ion is interesting. He tir.;t 
consider.; only mineral resources and applies the criterion of price as a measure 
of scarcity, explicitly rejecting all quantity-based indices. He thus shows a 
decline in scarcity of mineral resources. Later, in the context of food. he 
considers timber. This is a fair enough context, except that he switches his 
criterion of scarcity from price to quantity of timber growth. In this way he can 
show decreasing timber scarcity by applying quantity measures. while showing 
decreasing minerals scarcity by applying price measures. 

But an equal ly shifty neomalthusian could use quantity remaining in the 
ground to prove increasing scarcity of minerals, and relative price to prove 
increasing scarcity of timber. There is a serious debate about the proper 
measure of scarcity, as the report by Resources for the Future, Scarciry and 
Growrh Reconsidered,2 demonstrates. but Simon is not engaged in that seri(IUS 
d iscussion. He grabs whatever number may be moving in the direction that lit$ 
the needs of the argument at hand and baptizes it a~ an index of whatever be i$ 
talking about. Two examples will illustrate: 

FtrSt, Simon claims, after warning us to "grab your hat. .. that rollution has 
really been decreasing rather than increasing. To test this hypothesis most 
investigator.; would probably look at pans per million of variou~ suhstan<·cs 
emitted into the air and water by human activit ies to sec if they have been ristn!! 
or fal ling over time. Simon, however. takes life expectancy as his index of 
pollut ion: increasing life expectancy indicates decreasing rollution. If t>nc 
suggests that the increase in life cKpectnncy mainly reflects improved ,·nntrol of 
infectious diseases, Simon redefines "pollutant" to include the ~mallpox ,·irus 
and o<her germs. In this way an increase in emissions of nox inu~ ~uhstan,·cs 



from the C•'l.lll\lmy ( wh:u evuyl.lne but Simon ml!ans by "pollution") would not 
regista umil after it ml.ln:: th:lll offset the: improvement in life expeetancy 
bmught abl.lut by modern medicine. Thus Simon "measures" pollution by 
burying it in an aggregate. the other component of which offsets and over­
whelms it. 

The sec,mJ e.urnplt! is the: claim (we are again told to grab our hats) that the 
,·ombin.:J in.:reases of income and population do not increase "pressure" on the 
lllld. His proof: the absolute amount of land per farm worker has been increas­
ing. in the United States and other countries. One might have thought that this 
was a .:onsequence of mechanization of agriculture and that the increasing 
im·estment per acre in machinery. fertilizer. and pesticides represented pressure 
on the land. not to ment ion pressure on mines. wells, rivers, lakes, and so on. 

Simon's demonstration that resources are infinite is, in my view, a coarse 
mixture of simple fallacy, omission of contrary evidence from his own ell pert 
sources llld gross statistical misinterpretation. Since everything else hinges on 
the now exploded infinite resources proposition, we could well stop here. But 
there are other considerations less central to the argument of the book that beg 
for attention. 

If. Simon notwithstanding, resources are indeed finite, then the other prem­
ises of the neomalthusians remain in vigor. The entropy law tells us not only 
that coal is finite, but that you can't bum the same lump twice. When burned, 
available energy is irreversibly depleted and unavailable energy is increased 
along with the dissipation of materials. If nature's sources and sinks were truly 
infinite , the fact that the ftow between them was entropic would hardly matter. 
But with finite sources and sinks, the entropy law greatly increases the force of 
scarcity. 

Although the words "entropy" or "second law of thermodynamics" remark­
ably do not occur once in a 400-page book on The Ultimate Resource. the 
concept is occasionally touched upon. There is a comment made in passing that 
marble and copper can be recycled, whereas energy cannot. This raises hopes 
that Simon may not be ignorant of the entropy law. These hopes are soon 
dashed when he softens the statement to "energy cannot be easily recycled." 
Later he tells us that "man's activities tend to increase the order and decrease 
the homogeneity of nature. Man tends to bring like elements together. to 
concentrate them." 

That is the only part of the picture that Simon knows about. But the entropy 
law tells us there is another part-that to increase order in one part of the 
system requires the increase of disorder elsewhere. and that in net terms for the 
system as a whole the movement is toward disorder. In other words, more order 
and more maner and energy devoted to human bodies and artifacts mean less 
maner and energy and less order for the rest of the system, which includes all 
the other species on whose life-support services we and our economy depend. 
Simon is quite prepared to ruin the habitats of all other species by letting them 
(and future generations) bear the entropic costs of disorders that our own 
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continuing growth entails. For Simon, however. this problem cannot exist 
because he believes resources and absorption capacities are infinite. But after 
he has once mastered the paradox of Achilles and the tortoise concerning 
infinity, his next homework assignment should be to lind ou1 about enLropy. 
Until he has done these two things he should stop 1rying to write books for 
grownups about resources and population. 

Pan II of the book is on population and is dedicated to the proposition that 
the ullimate resource is people. The more the bel!er. indefinitely. We are told 
that: "Even the proposition that population growth must stop sometime may not 
be very meaningful (see Chapter 3 on 'finitude')." We have already seen 
Chapter 3 on finitude and have d iscovered that it is sheer nonsense. I will spare 
the reader a recitation of all the propositions about population that self-destruct 
with the demise of Chapter 3. 

There is a puzzling methodological inconsistency between Parts I and II. In 
Part I Simon is the total empiricist, trusting only in the extrapolation of recent 
trends of falling resource prices. Any a priori argument from first principles 
about reversal of trends due to increasing cost. diminishing returns. the end of a 
bonanza. or even the S-shape of the logistic curve characteristic of all empiri· 
cally observed growth processes simply does not warrant consideration by this 
hard-headed empiricist. Yet in Part II we find Simon refusing to project 
population trends and relying on the theory of demographic transition to rever.;.: 
the recent trend of population growth. His own graphs, used to demonsu-ate the 
unreliability of past population predictions. also show that a simple linear trend 
would have yielded much more accurate predictions in the 1920s than did the 
then current "twilight of parenthood" theories. Once again. whatever epis­
temological posture serves the immediate needs of argument is adopted. One is 
certainly free to choose whatever balance of theory and empiricism one thinks 
is most effective in getting at the truth. but the balance should not fluctuate so 
wildly, so often, and so opportunistically. 

Simon values human life. More people are bener than fewer people because 
each additional person's life has value for that person. his loved ones. and for 
society as a whole should he turn out to be a genius: an increase of 4.000 people 
is more likely to yield another Einstein, Mozart. or Michclang.clo than an 
increase of only 400 people. 

While I personally give zero weight to the notion that more births amon~ 
today's poor and downtrodden masses will increase the probability ,,f another 
Einstein or Mozart (or HitlerorCaligula?), I do agree that . other things equal. 
more human lives. and more lives of other specie~. arc better than fewer. And I 
think that most of my fellow neomalthusians would apce than 10 hi !lion JX'•'fllr 
are better than 2 billion-a~ long as the 10 billion arc not all alive at the same 
time! 

This is the crucial point: ncomallhusian policies seek to maximize the 
cumulative total of lives ever to be lived over time. at a sufficient pcr-.:apita 
standard for a good life. Simon wants to maximi1.c the numl>cr ,,r pcnplc 



simultaneously :lliw- an.J. impossibly, to maximize po:r-capita consumption at 
the same timt•. T!Jt•sc: two ,·ontradk·tory st r.llegies are possible! only if resources 
:lre infinite-. If thc:y are finite then maximizing the number of simultaneous lives 
lll<.'ans a n:duction in .:arrying capacity. fewer people in future time periods. and 
a lower .:umularivc total of lives ever lived at a sufficient standard. 

The Jitl'eren.:e is not. as Simon imagines. that he is "pro-life" and the 
neomalthusia.ns are "anti-life." Rather it is that neomahhusians have a basic 
unJ~rstanJing of the biophysical world , whereas Simon still has not done his 
homework on Zeno's paradoxes of infinity. on the entropy law, on the impor­
ta.n.:e of ecological life-support services provided by other species, and on the 
impossibility of the double ma.ximization implied in his advocacy of "the 
greatest good for the greatest number." 

Simon seems ro believe that an avoided birth today implies the eternal 
non.:xisrence of a particular sel f-consciou.s person who would have enjoyed li fe. 
Bur as far as I k.now, the pairing of a particular self-consciousness with a 
particular birth is the greatest of mysteries. Perhaps birth control means that a 
particular existence is postponed rather than cancelled. ln other contexts, 
however. Simon proclaims that "birth control is simply a human right." When 
Kingsly Davis, Paul Ehrlich, or Garret Hardin advocate birth control they are 
sacrificing the unborn; but when Simon finds it convenient to his argument to 
endorse birth control, he is proclaiming a human right. 

In this reviewer's opinion. Simon's book cannot stand up to even average 
critical scrutiny. Lots of bad books are written, and the best thing usually is to 
ignore them. I would have preferred to ignore this one, too, but judging from 
the publicity accorded Simon's recent articles, this book is likely to be hailed as 
a triumph by people who are starved for "optimism." Simon himself tells us 
that the optimistic conclusions he reached in his population stud ies helped to 
bring him out of a "depression of medically unusual duration," and he clearly 
wants to share the cure. But his cure is at best a sugar pill. 

We must abandon the shallow, contrived optimism of growthmania once and 
for all. The end of growthmania is no cause for despair; it is a hopeful new 
beginning. To me the optimistic alternat ive is that of a steady state at a 
sufficient, sustainable level in which many future generations can rejoice in the 
loving study and care of God's creation. 

Further prolongation of the current compulsive quest for infinite growth, 
power. and control is what I find depressing. We should learn to be good 
stewards of what is already under our dominion rather than seek always to 
enlarge that dominion. We who have done a poor job of managing a small 
domain should not trust ourselves to take over control of an ever larger "infi­
nite" domain. 

NOTE: This review appeared originally in Bulk lin of 1M Alomlc: Scienlisls. January 1982. 
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REVIEW OF POPULATION 

GROWTH AND ECONOMIC 

DEVELOPMENT: POLICY 

QUESTIONS 

by Working Group on Population Growth 
and Economic Development 
National Academy Press 

This little book has an excellent format. It asks nine specific questions and 
offer; four or five pages of discussion and answer for each one. Most questions 
are of the form: Will slower population growth . . . do this or that? Will it 
increase per-capita income through greater per-capita availabiJity of exhaustible 
resources? Of renewable resources? Will it alleviate pollution and environmen­
tal degradation? Will it increase worker productivity? Levels of schooling and 
health? Absorption into the modem sector? Will it reduce technological inno­
vation and economies of scale by lowering density? And finally, does a couple's 
fertility behavior impose costs on society at large? Since this review will be 
mainly critical of the report, I want to say at the outset that it contains much of 
value. The questions asked are relevant , the answers are informative, readable. 
and brief. How then is it possible to be critical of such a report? What more 
could one want? Quite a lot, it will be seen. As physicist John Wheeler says. 
"We make the world by the questions we ask.'' There are other questions that 
make other worlds. 

The main problem with the book is that it is written wholly within the 
intellectual discipline (mental straitjacket) of neoclassical economics. Like 
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other neoclassical writings on populaJ.ion/resources/environment, this book 
suffers from a total failure to distinguish the problem of optimal allocal.ion of 
resources from the problem of optimal scale of the entire ewnomy relaJ.ive to 
the ecosystem in which the economy is physically embedded as a fully depen­
dent subsystem. In this review I would like to ask the :tuthors (the Working 
Group on Population Growth and Economic Development of the National 
Academy of Sciences Committee on Population) to consider with me a tenth 
question: ''Accepting that competitive markelS allocate resources efficiently, is 
there any reason to believe that the market is also capable of finding the optimal 
scale of the economy (where scale is understood as the product of populal.ioa 
times per-capita resource use)?" The answer to tills question, I will argue, is a 
clear no. Furthermore, the world created by this question is more classical and 
Malthusian than neoclassical. 

The market can, at best, lead to a Pareto-optimal allocation of resources. 
And it can do this independently of scale. Double population size (or per-capita 
resource use), or cut it in half, and the market still grinds out an efficient set of 
relative prices and a (different) Pareto optimum. There is a different Pareto 
optimum for each possible scale of the economy, just as there is for each 
possible d istribution of income. The Iauer proposition is well known. the 
former is less frequently mentioned but equally true. Distribution involves an 
ethical question of j ustice. Scale involves an ecological queStion of sus­
tainability. Neither is reducible to a problem in efficient allocation. 

One would expect that a report on population growth and economic develop­
ment would deal first and foremost with the issue of optimal scale, since 
population is a major determinant of scale. But instead the issue of opt imal 
scale is not even recognized. The discussion proceeds entirely in terms of 
optimal allocation. Scale effects are conflated with the allocation issue by 
treating them as resulting from the common-property mode of market failure. 
Thus air or water pollution is seen as having nothing to do with the scale of 
population or production and everything to do with lack of property right~ in air 
or water. But let us assume, however unrealistically, that property rights in air 
have been vested in certain people and that we have perfect internaliz:~tion of 
the previous common-property external costs. Everyone is now payinf! the 
"right" price for air. Then population and per-capita resource use gro"·· and 
consequently the demand for air goes up. Everyone will then pay a higher prict> 
for air. The price is "right" in both instances as far as allocat ion is concerned: 
yet the scale issue remains unsettled. If demand for air were well below 
carrying capacity (a concept totally absent from the book) in the first instance. 
then the "right" price is zero. After demand increases due to ~rowth in ~c:1lc. let 
us suppose that air becomes scarce and the new "right" price is a positive 
number. Given the new demand, the old zero price is no longer eflicicnt- m> 
argument about that. But in which situation are we beucr off. that in which air i~ 
a free good or that in which it has a positive price? In both inst:~nccs the price:~ 

are "right" and the neoclassical economist is happy. But one must al~o ask 
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whc:thcr one: s.:ale is bo:nc:r than anolhc:r. Maybe one scale is sus1ainable and 1he 
o1hc:r not. Evcn if both are sustainable:. maybe we are beuer off with air as a free 
ttooo.lthan a1 a s.:ak :11 which air commands a posilive price. Maybe paying a 
highc:r pril'c for air aclually represents the optimum adjus1ment to an ever­
worsening situalion. As the repon observes, in a differenl context, it is difficult 
to .:ompare \\'Cifare between larger and smaller population sizes because we 
have 10 give: some value: to the life enjoyment of the additional people, even if 
.:•·eryonc: lives a1 a lower level. and we have little idea of how to do this. One 
pragmatic way out is 10 think of maximizing cumulative lives ever lived over 
lime at some level of per-capita resource use sufficient for a good life. This puts 
1hc: emphasis on long-run susta.inability and nondestruc1ion of long-run carry­
ing .:apacity. There is some indication that related questions may be dealt with 
in !he commissioned. but as yet unavailable, background paper by P. Dasgupta, 
whi.:h I look forward 10 reading. However. they are not dealt with in the 
published report. and for purposes of this review I have avoided the tradeoff 
bo:1ween numbers of people and per-capita resource use by defining scale as the 
product of the rwo. But one point remains clear: optimal allocation tells us 
nolhing about optimal scale. 

If the environment had unlimited carrying capacity, then there would be no 
problem of optimal scale. Since the concept of carrying capacity is not dis­
cussed. one cannot be sure just what assumptions are made regarding its limited 
or unlimited nature. But, as I interpret the report, the authors reject or at least 
downplay any notion of the •·fixity of nature" as merely a "cotrunonsense 
impression" (p. 4) that has been displaced by the more sophisticated notion that 
carrying capacity is continuously expandable by economic growth. In other 
words. economic growth makes more room for more people, without at the 
same time using up ecological room to accommodate the extra production 
implied by economic growth. Natural resources may be finite, but "the most 
important resources are not natural, but artificial (plants and equipment used in 
production, openings in school systems, jobs, social institutions, and economic 
infrastructure) and so are expandable" (p. 2). Apparently limited natural re­
sources can be substituted by "artificial r~ources," which are expandable 
without limit, and so carrying capacity is infinitely expandable and therefore 
!he optimal scale issue becomes unimportant in the authors' view. 

But I suggest that their view is unrealistic. More plants and equipment, 
schools, jobs, and so on require a larger flow of resources, a larger metabolic 
ftow from raw materials to waste. This constitutes more an additional load on 
carrying capacity than an enlargement of it. Technology may lighten the load of 
a given scale on environmental carrying capacity and thus in effect expand it, if 
it allows us to squeeze more welfare from a given flow of resources. But if the 
new technology is the kind that simply increases the resource flow per person, 
then it will increase the load on carrying capacity. 

The authors' discussion of expandable artificial resources compensating for 
!he depletion of finite natural resources corresponds closely to the neoclas.~ical 
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tenet that capital is a near-perfect substitute for resources- a notion th.al cannot 
withstand even a moment's reHec:tion. FtrSt of all, "artificial resources" (capl· 
tal) are themselves made from natural resources. Secood, the relation of mar· 
gina.! substitutability between capital and resources is overwhelmed by the 
relation of average complementarity. Neoclassical Cobb-Douglas type produc· 
tion functions that allow virtually unlimited substitution of capital for resources 
are clearly unrealistic. Otherwise we could make the same house with half the 
lumber but two or three times as many saws! 

In sum, the big failing of the report is the common neoclassical inability or 
unwillingness to separate scale problems from allocation problems. and the 
consequent tendency to treat issues of scale and carrying capacity as nothing 
but questions of improving allocation by bener definition of property rights. 
Population, of all issues, is intimately tied to scale and carrying capacity, and 
far too much is left out by questions that make for us a world that is indifferent 
to scale, a world in which only allocation problems exist. 

The report makes hardly any mention of Chinese population policy, which is 
a piiy because it would illustrate the independence of allocation and scale 
issues. As the Chinese are recognizing the virtues of the market in solving the 
resource allocation problem, they are simultaneously rejecting la.issez-faire 
market "solutions" to the scale problem by adopting stringent population 
controls. The Chinese, in policy at least. clearly appreciate the elementary 
theoretical distinction between optimal allocation and optimal scale that proved 
so elusive to the Working Group. 

The Preface claims that the study represents a view balanced between the 
"extreme environmentalist and extreme mercantilist" positions on population. 
and finds "little support for either the most alarmist or the most complacent 
views concerning the economic effects of population growth" (p. viii). I per· 
sonally found the trea.tment much closer to the complacent than to the alarmist 
pole, a natural consequence of ignoring the scale issue. Furthermore. scholan; 
who tend to be population "boosters" (Julian Simon, Herman Kahn. Ben 
Wattenberg) are cited frequently and respectfully, while those nearer to the 
"alarmist" end of the spectrum (Paul Ehrlich, Garrett Hardin. Nathan Kcyfit7.l 
arc not cited at all. The Limits to Growth and The Global 2{)()() Rl'p<m 3/'l' 

mentioned in passing. only to be summarily dismissed as "pessimistic" or 
"mechanical." I see no reason why the report should be "balanced" or middle· 
of-the-road since the truth need not lie halfway between current extremes. If the 
Working Group feels that the truth is closer to Simon-Kahn· Wattenhcrg than to 
Ehrlich-Hardin-Keyfitz. then by all means they should say so. But they should 
not try to have it both ways-to claim judicious 311d comfortable hi!!h middle 
ground for a position that is in fact far closer to one extreme than the other. Lc: 
me follow my own advice by flatly stating that to me Ehrlich. Hardin. and 
Keyfitz make vastly more sense than Simon. Kahn. and Wattenberg. and by 
confessing my astonishment that a committee of the National Academy 1'f 
Sciences would make the opposite judgment. Perhaps intellectual fa~hion. lik<' 



174 i fHI; Ot:IIATE l'ONTIN l lE$ 

the hemline of dresses. os.:illates between conservative mid-tibia and liberal 
mid-femur. Some l>f us who are now out of fashion are content to do as Ronald 
Reagan did and just wait a few years. But othen; have a higher degree of fashion 
cons.:iousncss and adapubility. 

The linal•:onclusion of the report is that while family planning programs will 
not by themsdves make poor countries rich, or even advance them many rungs 
up the ladder of development. such programs may increase the level of welfare 
of couples. their children, and society as a whole to the extent that there are 
negative externalities in childbearing (p. 93). The Worlcing Group certainly 
cannot be accused of overselling population policy of even the most voluntary 
ldnd. Nor can they be accused of having arrived at any conclusion that has not 
been arrived at many times before. 1 think a stronger conclusion is warranted, 
namely. that while population policy is never a sufficient condition for develop­
ment. it is often a necessary condition and deserves more emphasis than it 
usually gets in development policy. By "development'' here 1 mean an improve­
ment in the welfare of the bottom two-thirds of the population, not just an 
increase in average per-capita gross national product. lncidentally, one of the 
strong points of the neoclassical vision is that it does allow some insights into 
the effect of population growth on income distribution, and the brief chapter on 
that topic whetted my appetite to read the full background report wben it 
becomes available. 

In conclusion 1 would like to challenge the Worlcing Group, individually or 
collectively, to give their own answer to the "tenth question" that I have 
discussed in this review. Of course it is too late to include it in the published 
repon. but I am sure they will issue subsequent repons, and 1 urge them to 
devote some space to this question. 

saTE: Th.is review appean:d originally in Population and Developmenl Review, Sep«em­
ber 1986. 
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THERMODYNAMIC AND 

ECONOMIC CONCEPTS AS 

RELATED TO RESOURCE­

USE POLICIES: COMMENT 

Burness et aJ. ( 1980) state that " ... the relevance of the Second Law is its 
restriction on the amount of work that one can obtain from any system. ·• While 
this is certainly a minimal statement, it nevertheless correctly suggests that the 
entropy law should be viewed as a constraint, not as an independent. sufficient 
explanation of value. II is somewhat surprising therefore, that, as the author; 
proceed to argue in favor of neoclassical business as usual and aga inst any 
special role for entropy, they should do so on the grounds that ent ropy docs not 
provide an alternative, independent explanation of value. The role of entropy :1~ 
a constraint is not mentioned again. Proponents of the view that entropy is 
relevant are invited to answer a number of questions concerning the mechanism 
by which energy (or entropy) is supposed to determine prices. 

This invitation to answer specific questions is certainly a fair and rca~,,nahk 
procedure on the authors' part . and l will respond to it in a minute. But iirst it 
must be pointed out that the authors arc looking for relevance in th<' wrnn~ 
place. In fairness it must be admitted that some ecologists (()dom. 1~71 : 

Costanza. 1981) have proposed just such an energy-based suhstitutc fM mark<'t 
valuation as the authors auack, and I share their skepticism re~arding thi, 
claim, even while valuing the work of these ecologists for other reason,. But I<' 

include Georgeseu-Roegen in this school. as the :luthors do. is quite wn'n!! and 
leads to much confusion. For an explicit disproof of the energy the My of ,·alu<' . 
see Georgescu-Roegen ( 1981 , esp. pp. 68- 70). 

Burness et at. state that, "Gcorgcscu-Rocgen claims an entropy thcMy ,,f 
value; ... however, the authors lind his arguments in this regard rn t>c ins,·ruta­
ble." The reason they lind his arguments "inscrutable" is that he is nnt ;trj!uinj: 
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for an .-ntropy theory of v-<~luc:. On the: contr.~ty, he specifically cautions against 
su.:h an interp~tation. Mon::over. Burness c:t al. themselves, in another context 
(their tootnote ')), quote Gcorgescu-Roegen on the reasons why an entropy 
theory ~·f valuoc> would b< unsatisfactory! I emphasize their misreading of 
Gc:orgescu-Roegen !><cause. lir.;t, it underlies their misconception of how the 
entropy law is ~levant to economics. and second, because Georgescu-Roegen 
( I 'I 71 l is both the leading proponent of the entropy view and the only economist 
of that p.=rsuasion cited by our four authors. Thus, if they misread Georgescu­
Roegen. then they have misunderstood the issue they are addressing. It is a big 
mistake to think that his arguments are at all affected by demolishing someone 
dse's "energy theory of value." 

With this preliminary out of the way, we can now turn to the main purpose of 
this note. which is to respond to the specific questions raised by the authors. 
Each of the four questions will be quoted, followed by a reply. 

[ I] Ftnt. is the relevant system of values to be one wherein individual preferences 
det~rmine values'! IC not, what is the mechanism that determines value? For example, 
= values somehow dictated on the basis of "work" in particular, or energy in 
geoeral'! 

There is no substitution of market values by calculated, nonmarket coeffi· 
cients based on work or energy or entropy. It has long been known, though 
recently downplayed, that not all values are expressible through individual 
preferences interacting under individual constraints to determine prices in a 
competitive market. In the light of the entropy law, a previously neglected 
aggregate constraint on the physical scale of the economy relative to the 
ecosystem is seen to exist. The market is, by itself, unable to reflect this 
constraint because Pareto optimality of allocation is independent of whether or 
not the scale of physical throughput is ecologically sustainable (Pearce, 1976). 
h is worth taking account of this aggregate constraint on scale only if we 
collectively value sust.ainability, a va.lue which, like that of justice, is not 
expressible at the level of individual choices in a competitive market. For the 
value of sustainability and the constraint on aggregate physical scale to be 
reflected in market prices, there must be a collectively enacted constraint on the 
aggregate flow (throughput) of matter and energy from the ecosystem through 
!he economy, and back to the ecosystem. This constraint must be set, not 
according to prices. but according to criteria of sust.ainability. Operating under 
this newly instituted biophysical constraint, the market will, at the micro level, 
come up with a different set of prices that now reflect the social value of 
sust.ainability, which, thanks to the newly recognized biophysical constraint, is 
no longer implicitly treated as a free good. 

The nature of the economic constraint imposed by the Jaws of thermo­
dynamics is twofold. The FtrSt Law tells us that matter and energy inputs are not 
created ~:c nihilo, but must be extracted from the environment, and that outputs 
must return to the environment in various forms that add up to equal the 
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quantity of inputs. The S«:ond Jaw of thermodynamics says that although toW 
input equals total output in quantitative terms, there is a big qualitative differ· 
ence between the equal quantities of raw material inputs and ultima~e wasu: 
outputs. Raw material is low-entropy maller-energy, waste is high-enuopy 
matter-energy. Furthermore, both low-entropy sources and high-entropy sinks 
are finite in a finite environment, and the sinks cannot be recycled into sources 
on human time scales. Finitude would not be so restrictive were it not for 
entropy, for then finite matter and energy could be recycled ever faster. Nor 
would the entropy law be so confining were it not for finitude, since infinite 
sources and sinks would obviate any need for recycling. But if both finitude and 
entropy are rea.! (as they indeed are), then the physical scale of the economy and 
its supporting throughput cannot increase indefinitely. To put it in a nutshell, if 
the qualitative difference between equal quantities of raw material and waste 
material is not relevant to economics, then what is? Entropy is the measure of 
that qualitative difference. 

1be marlcet is sensitive to scale issues at the micro level but is insensitive to 
the macro level scale of the whole economy relative to the ecosystem. 1be fact 
that the market can substitute relatively abundant resources for relatively scarce 
ones is a great virtue but does not remove the entropic constraint. Substi· 
tutability among various types of low entropy does not mean that there can be a 
substitute for low entropy itself. 

(2 J Can one define in some precise way lhose dimensions of the First and Second 
Laws which are reftected in lllliJ"kets? If so. what is the rationale for arguing tlut they 
should be reflected? 

1be previous reply dealt with this question in part. but a few more comment~ 
seem warranted. 

What is not reflected in the market is the value of the optimal sustainable 
physical scale of the economy relative to the ecosystem. The market does not 
distinguish an ecologically sustainable scale of matter-energy throughput from 
an unsustainable scale, just as it does not distinguish between eth ically just and 
unjust distributions of income. Sustainabi lity, like justice, is a value not achiev­
able by purely individualistic market processes. Yet these values can he.- rc· 
fleeted back into market prices when the market operates under collectively 
instituted macro constra.ints designed to protect these values to which the 
purely individualistic market is blind. 

A distinction should be made between "price-determined" and "price· 
determining" decisions. The criteria underlying the collective sen in!! 0f the 
aggregate constraints are ecological and ethicaL These ecological and cthkal 
decisions are price-determining, not price-determined. The allocation ~·f the 
ecologically sustainable aggregate throughput among millions ~•f alternative 
uses at the micro level is price-determined-that i~. determined hy the <'Or· 
rected prices reflecting the newly recognized collective constraint. The cntmry 
law helps us to understand the nature and necessity of this constraint on $<·ale 
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:mJ growch. Hut ic ofli:~ no altc:rnative principle: of evaluation that substitutes 
for markc:cs. 

[.11 If '"'" ,·an argue for a11 "<nc:rgy v-.Uue" that is somehow distincc from markec 
''alu~s. whac are the maniti::scat ions or signals of (from) chis value? How is che energy 
prke, <>r ochc:r value measure. determined and used in che process of resource 
all<>-:atkm and policy fonnulacion'! 

Sin,·e question 3 is predicated on contrary answers to questions I and 2, I will 
not ..:orrunent spc:cifically on it. 

HI Acknowlc:dging m:llkec imperfeccions. equicy issues, and market distonions 
relarC<J co government policies. what is the mechanism by wbich recognition of 
thc:rmodynamic laws is to resolve, or marginally contribute to resolving, these 
problems'! Policy ramifications based on economic concepts would generally lead co 
adjustments in price mechanisms (for example. subsidies, l.alles, decontrol) to adjust 
for cxcernalicies and discortions in scarcity values: What is the energy counterparc to 
thcs. markcc-relaced mechanisms? 

As already indicated in previous replies, there is no "energy counterpart to 
m:uket-related mechanisms" in correcting for the market's failure to respect the 
constntint on scale and the value of sustainability. Several market-related 
policies have been suggested for institutionalizing such a constraint, including 
a depletion quota auction (Daly, 1980), a national ad valorem severance tax 
(Page, 1980). and an energy tax-cum-rebate scheme (Hannon, 1980). 

There is no need to discuss these alternative policy suggestions here because 
the point at issue is whether the entropy law is relevant to economics, not what 
is the best policy for dealing with entropic constraints once we have recognized 
!heir relevance. There is, however, one very prevalent misunderstanding that 
should be guarded against. namely the idea that entropy and sustainability are 
"only" ethical issues and that the whole question simply boils down to a claim 
that society's values are wrong. On the contrary, entropy is a physical law, like 
gravity. and entropic con.straints (depletion and pollution) are objective facts 
evident in the present. not value judgments, and not speculation about future 
millenia. How we react to this objective condition, whether by emphasizing 
sustainabilicy or temporary extravagance as the dominant goal, is certainly a 
value judgment. One may reject sustainability C'apres moi le deluge"), but that 
does not abolish the entropy law. It just means that one has made a value 
judgment in favor of temporary extravagance. Furchermore. suppose that soci· 
ety did value sustainability as a social goal (who can rule that out?). Could the 
market by itself retlect that goal in relative prices, or does it need an institu­
tional recognition of the entropic constraint? I have argued above that the latter 
is the case, that sustainabi lity, like justice, is a public good not auai.nable by 
individualistic market processes alone. We may disagree on how important 
sustainability should be as a social goal. but that hardly makes entropy into an 
ethical issue. 

Why is the entropy law still so "unpopular" wich neoclassical economists? 
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In part because they mistakenly associa!e it with an "energy t~ry of v-<llue." 
But also perhaps the answer has something to do with the nega~ive implications 
of the entropy law for any ideology based on continuous growth. 

NOTE: This article appeared originally in Land Ecorwmics. 1986. 
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A . N . WHITEHEAD'S 

FALLACY OF MISPLACED 

CONCRETENESS:EX~PLES 

FROM ECONOMICS 

Introduction 

.. It is ... beyond dispute that the sin of standard 
economics is the fallacy of misplaced concreteness .. . » 

-N. Georgescu-Roegen 

A one-sentence definition of the fallacy of misplaced concreteness is "neglect­
ing the degree of abstraction involved when an actual entity is considered 
merely so far as it exemplifies certain categories of thought" (Whitehead, 1929, 
p. II ). An elaboration of this concept within the context of political economy is 
given in the following quote: 

It is very arguable that the science of poli!ical economy, as studied in its first period 
after the death of Adam Smith ( 1790), did more harm !han good. It destroyed many 
economic fallacies, and taughl how to think about the economic revolution !hen in 
progress. But il riveled on men a cenain set of abstractions which were disaslrous in 
their effect on modem mcn!ality. It dehumanized industry. This is only one example 
of a gClleral danger inherent in modern science. Its methodological procedure is 
eJtelusive and intolerant. and rightly so. II filles attention on a definite group of 
abstractions. neglects everything else, and elicits every scrap of information and 
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theory which is n:levaniiO what il bas retained. The method is lriumptusnt provided 
the abstractions are judicious. Bul, however triumphanl, tbe 1tiumph i> within limic.. 
The neglect of these limiiS leads 10 disas1rous oversights .. .. The methodology of 
reasoning requires the limiwions involved in the abstr.cc. Accordingly, the true 
ralionalism must always transcend itself by recurrence 10 the conctec.c in search of 
inspiration. A self-satisfied rationalism is in effect a form of anti-ralionalism. It 
means an arbilt31)' halt at a particular set of abstractions IWhitehe.ld, 1925, p. 200). 

What is the set of abstractions that political economy has r iveted on men's 
minds and at which it has come to a self-satisfied halt? Whitehead does not spell 
it out, but I think we know well enough. It is the abstraction of a circular flow of 
national product and income regulated by a perfectly competitive maricet, 
conceived as a mechanical analog, with motive force provided by individualis­
tic maximization of utility and profit, in abstraction from social community and 
biophysical interdependence. What is emphasized is the optimal alloca!ion of 
resources that can be shown to result from the mechanical interplay of individ­
ual self-interests. What is neglected is t..'le effect of one person's welfare on thai 

of others through bonds of sympathy and community and the physical effects of 
one person's production and consumption activities on others through bonds of 
biophysical community. Whenever the abstracted-from elements of reality 
become too insistently evident in our experience, their existence is admitted by 
the category "externality." Externalities are ad hoc corrections introduced as 
needed to save appearances, like the epicycles of Ptolemaic astronomy. Excer­
nalities do represent a recognition of concrete experience even when its sources 
have been abstracted from, but in such a way as to minimize restructuring of the 
basic theory. As long as externalities involve minor details, this is perhaps a 
reasonable procedure. But when vital issues (e.g .. the capacity of the earth 10 

support life) have to be classed as externalities. it is time to restructure basic 
concepts and start with a different set of abstractions that can embrace what was 
previously external. The frequency of appeal to externalities is a good index of 
the overall problem of misplaced concreteness in economic theory. But there 
are more particular examples as well. 

Examples from Economics 

Perhaps the classic instance of this fallacy in economics is "money fctishi~m ... 
It consislS in taking the characteristics of the abstract symbol and measure of 
exchange value, money, and applying them to the concrete use value. lhc 
commodity itself. Thus, if money flows in an isolated circle. chen so d<> 

commodities; if money balances can grow forever at compound intcresl. then S<> 

can real GNP, and so can pigs and cars and hain:uts. No lc~~ an intcllc<:t than 
John Locke committed this fallacy in his lhcory of privale property. He at first 
argued-that one's legitimate accumulation of property was limited to what one 
could use before it spoiled. Thus the physical tendency to spoil. ru~l. rot . and 
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,Je,·ay set a kind of natural limit to accumuhuion of real wealth. But, Locke 
argued. with the: advent of a money economy that natural limit disappears 
t>c..:ause mon.:y does nl.ll spoil. and wealth can be accumulated in the form of 
"'''"':y. N..1tc: that tho: characto:ristil: of the abstract symbol (nonspoilage) comes 
to dominah: the ,·har.Jl'teristic (spoilage) of the concrete reality being symbol· 
izc:d. L,-..:ke's limitation on wealth disappears even though wealth still spoils. 
One might as well argue that butter accumulation is not limited by spoilage 
bo:cause the quantity of butter is measured in pounds, and pounds can be 
summed inddinitely in a ledger without spoiling. 

Clc:arly. the existence of millionaires does not necessarily imply rotting 
stockpiles of goods. Indeed. money balances do not imply the existence of any 
real goods at all. The willingness of the community to bold money derives from 
the inconvenience of barter and the fact that money is an indent or lien against 
futurl! production, which cannot spoil because it does not yet exisl. Thus 
spoilage still limits the accumulation of real wealth, even in a money economy. 

A more recent example of the fallacy of misplaced concreteness is provided 
by Gary Becker and Nigel Toroes (1979) in their model of intergenerational 
distribut ion of income. They attempt in rigorous fashion to extend the model of 
individualistic utility maximization over intergenerational time periods and use 
it to explain long-run changes in the distribution of wealth and income. The 
model requires a self-identical, well defined decision-making unit over inter· 
generational time. Individuals die off, so they won't do. Families won't do either 
because. although they endure, they are neither self-identical nor independent. 
Families endure only by merging and mixing their identities through sexual 
reproduction. and thus are not i.ndependent or well defined over intergenera­
tional t ime. 

My great-great grandchild will also be the great-gTeat grandchild of fifteen 
other people in the current generation, identities unknown. Presumably my 
great-great grandchild's well-being will be as much an inheritance from each of 
these fifteen others as from me. Therefore it does not make sense for me to 
worry too much about my particular descendant, or to take any particular 
action on his or her behalf. The farther in the future the hypothetical descen­
dant is the greater the number of coprogenitors in the present generat ion, and 
consequently the more in the nature of a public good is any provision· made for 
the distant future. To the extent that I am concerned about the welfare of my 
descendant. 1 should also be concerned about the welfare of all those in the 
present generation from whom for good or ill , my descendant will inherit as 
much as he or she will from me. Thus a concern for future generations should 
reinforce rather than weaken the concern for present j ustice-contrary to what 
is often supposed. Although we are not a.ll brothers and sisters in the literal 
sense, we are quite literally all coprogenitors of each others' grandchildren and 
more distant descendants. The thrust of these evident consequences of sexual 
reproduction is toward community and away from individualism-a thrust 
generally resisted by standard economks. especially the Chicago school of 
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which Becker is a prominent member. To avoid this thrust and keep the world 
safe for individualistic maximization, Becker and Tomes adopt the obvious if 
extreme expedient of assuming asexual reproduction! It is one thing to abstract 
from the incidental in order to highlight the fundamental . It h something else to 
abstract from the fundamental to save a model. When the concrete fact of 
sexual reproduction conflicts with the abstractions of individualistic maximiz.a· 
tion, the authors hang on to their abstractions as somehow more real. Becker 
and Tomes try to convince the reader that this absurd assumption i~ for 
expository convenience only and that nothing important hangs on it, quite 
unsuccessfully in my opinion (Daly, 1982). 

Another recent example of misplaced concreteness is evident in the book by 
Julian Simon, The Ultimate Resource (1981). Since we treat reality in terms of 
number so frequently and so successfully, some of us have come to believe that 
whatever is true for the set of real numbers must be true for everything in the 
real world. Witness Simon's argument that copper is infinite: 

The length of a one-inch line is finite in the sense that it is bounded at both end>. 
But the line within the endpoints contains nn infinite number of points; these point.s 
cannot be counted, because they have no defined size. Therefore the number of point' 
in that one-inch segment is not finite. Similarly. the quantity of copper that will ever 
be available to us is not finite, because there is no method (even in principk) of 
making an appropriate count of it (Simon. 1981. p. 47). 

Note that Simon switches from the concept of infinite divisibility to infinite 
amount, from the infinity of points on a line to the infinity of copper in the 
ground, with nothing but the word "similarly'' to bridge the gap. No doubt the 
abstract properties of numbers can be used to describe many fa..:ts about 
copper, but not every property of abstract numbers is obliged to convey a 
concrete truth about copper. 

A very important example of misplaced concreteness occurs in the neoclassi· 
cal proposition that ,;reproductible capital is a near perfect subst itute for natural 
resources." This notion has been defended by Nordhaus and Tobin ( 19721 and 
by Stiglitz ( 1979), among others. It is frequently appealed to in order to argue 
that natural resources are not a binding constraint on economic grov.·th. This 
argument confuses abstract paper-and-penci l operations on symbols in a C\•1>1>· 
Douglas production function with real world physical processes of producti••n. 
Aside from the obvious fact that concrete reproducible .:apital is itself made 
from raw materials, there is the absurd implicat ion that we could huild the same 
house with one-tenth the lumber, if only we have enough more saw' t>r 
hammers. Yet this ridiculous substitutabil ity argument has !x-en fro:qucnth 
apj>ealed to in order to show that natural resource scarcity need nt>t limit 
production growth. The fact that mathematically the produ<·t of K and R <an t>c 
kept constant by raising K to offset a fall in R (as long. as R docs n1>t !><',·,•mr 
zero), just does not mean a thing. when we talk ahout con<'rctc amt•unts ,,f 
lumber and saws needed to make a house. 
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On.: tinal l!.xample als\> has to do with resource availability. Lester Thurow 
a.rgues: 

In the c'c>nlc~t <>f lCI'I) ec'OO\lRUC g.rowth and other countries a fallacious " impos­
sit>ility JI!(Unt~nf' is <>ften made to demonstrate the need for zero economic growth. 
The ~unt<:nt sta.rts with a question. How many tons of this or that non-renewable 
n:s<>UIW w\luld the world need if everyone in the world now had the consumption 
,tan<Ja.rds enjoyed by those in the U.S. '?The answer is designed to be a mind-boggling 
number in .:omparison wilh current supplies of such resources. The problem with 
ooth the question and the answer is th;u it assumes that the rest of the world is going to 
a.:hieve the .:onsumption standards of the average American without at the same time 
a.:hieving the productivity standards of the average American. This is, of course, 
;,Jgebraically impossible. The world can consume only what it can pro<.luce. When the 
rest oi the world has consumption standards equal to those of the U.S., it will be 
producing ar thc sa.me rate and providing as much of an increment to the worldwide 
suppli.!s of goods and services as it does to the demand for goods and services 
[Thurow. 1976. p. 40). 

Professor Thurow thought well enough of this argument that he reproduced it 
verbatim five years later in Chapter 5 of his otherwise admirable book, The 
Zero-Sum Society ( 1981 , p. 118 ). Thurow appeals to the abstract accounting 
conventions of the circular flow of exchange value in order to "prove" that the 
physical flow of resources can never be a constraint on economic growth. He 
tells us that it is not only possible for the U.S. standard of resource consumption 
to be generalized to the entire world, it is "algebraically impossible" that it 
should be otherwise! Never mind about tons of nonrenewable resources and all 
!hose numbers that are "designed" to be mind-boggling. Aggregate production 
equals aggregate income and that is all there is to it! Unfortunately for Thurow's 
argument, the algebra of circular flow accounting identities tells us absolutely 
nothing about the adequacy of biophysical resources to sustain worldwide a 
per-capita resource use rate equal to that of the United States (Daly, 1985). 

Even before Whitehead made it easy to recognize the fallacy of misplaced 
concreteness by defining and labeling it, the great Swiss economist, Sismondi, 
had observed the error and was compla.ining about it: 

The new English economists (classical economists) are quite obscure and can be 
understood only with great effort because our mind is opposed to malcing the 
abstractions demanded of us. This repugnance is in itself a warning that we are 
turning away from the truth when. in moral science where everything is connected, 
we endeavor to isolate a principle and to see nothing but that principle . .. . Humanity 
should be on guard against all generalization of ideas that causes us to loose sight of 
the facts, and above all against lhe error of identifying the public good wilh wealth, 
abstracted from lhe sufferings of the human beings who create it (Sismondi. 1827). 
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Conclusion: Avoiding Misplaced Concreteness 

Enough c:xamples have been presented to lend credence to Georgescu-Roegeo's 
claim, cited at the outSet, that misplaced concretenes~ is the cardinal sin of 
standard economics. Nor can these examples be dismissed as Str.lw men. I have 
quoted only from deservedly respected economists of diverse ideological bent , 
professors from such prestigious universities as Chicago, MIT, Maryland, and 
Yale. My purpose is not to impugn their professional status, but merely to argue 
that when the best economists fall so easily into the trap, we should have grea~er 
respect for the trap and guard more against it. 

How can we guard against misplaced concreteness in economics'> For one 
thing we could warn students about it in the early chapters of principles texts. as 
we already do for the fallacy of composition, post Jwc ergo propter hoc. petito 
principii, and other Latin crimes against reason. To my knowledge no text 
mentions the fallacy of misplaced concreteness. They do talk about abstr.tction. 
but only to emphasize its powers, not its dangers. 

One must admit that avoiding misplaced concreteness is not easy. We simply 
cannot think without abstraction. "To abstract" means literally "to draw away 
from." We can draw away from concrete experience in different directions and 
by different distances. To expect perfect judgement in choosing the direction 
and distance of abstraction proper to each argument, and never to mix up levels 
in the middle of an argument, is to expect too much. It seems we must always 
commit this fallacy to some degree, and must think of minimizing it rather than 
eliminating it entirely. For this reason it is a very subtle fallacy- more a general 
limitation of conceptual thought than an error in logic. 

There are nevertheless two rules of thumb that will help us to minimiT.C 
misplaced concreteness. One is, in Whitehead's words, "recurrence to the 
concrete in search of inspirat ion." One technique for getting back to the 
concrete is to look at all four of Aristotle's notions of cause. In addition 111 

efficient causation, which occupies our anention almost exclusively. let u~ 
remember material, formal, and final causes. Whitehead ( 1929. p. 2Sl ~aid. "a 
satisfactory cosmology must explain the interweaving of efficient and linal 
causat.ion." Likewise for a satisfactory political economy. 

One could hardly accuse the coauthor of Principia Mathemnticu ofhart>nring 
a vulgar prejudice against abstract thought. He just insists. like a j!OOd ccon<~· 

mist , that we constantly weigh the costs of our part icular abstracticm~ again~t 
the benefits and be willing to recur to the concrere now and again. 

Whitehead describes the costs and benefits of abstract ion as follows : 

The advantage of confining anent ion to a definite ~troup of abstra•tions. " th~t ynu 
confine your thoughts to clear-cut. definite relations . . . . We all ~now tho" dcaN·ut. 
trcncltant intellects, immovably encased in a hard shell of abstract inns. They hniJ ~·nu 
to their abstractions by the sheer grip of per.;onality. 

The disadvantage of exclusive anent ion to a ~rour of ahstr.l<'lions. hnwcvcr wdl· 
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foull<la.t, is that. by !he nat om.- of !he case. you have abstracted from the remainder of 
changs. Insofar as !he exduded tlungs- impor1ant in your experience, your modes of 
thoug.ht ~ noc 1\nC\lto deal with chcm (Whitehead, 1929, p. 200). 

The s«onJ and ~lated rule of thumb is to avoid excessive professional 
sp.:cialization: 

Th< dangers arising from this ilSpect of professionalism are great. particularly in 
our dcmocr:uic soo:.c:ties. The d~cive force of reason is weakened. The leading 
intdk<:ts lack balan<:e. They see this sec of circumstances. or that set: but not both seiS 
togelh<:r. The wk of coon.lination is left to those who lack either the fon:e or the 
dwncter 10 succeed in some definite can:c:r. ln shon. the specialized functions of the 
communicy are performed better and more progressively. but the generalized direc· 
tion tacks vision. The progressiveness in detail only adds to the danger produced by 
the feebleness of coordination [Whitehead. 1929). 

That this danger is an aspect of the fallacy of misplaced concreteness is 
indicated in the following paragraph where Whitehead adds, 

There is development of panicular abstractions and a contraction of concrete 
appreciation. The whole is lost i.D one of iiS ilSpeciS. 

Those fields of economics that deal more with the whole and the concrete, 
such as economic history, comparative systems, history of economic thought, 
and economic development ought to be more emphasized, not only for their 
own sakes. but also as an antidote to the near roxie levels of rarefied abstraction 
encountered in the "core courses." But until present trends are reversed, some 
of us might make modest contributions by pointing out examples of misplaced 
concreteness as we discover them in the pages of our learned journals. 

l"'TE: This article appeared originally i.n Journal of Interdisciplinary Economics, 1987. 
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