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Series Introduction
Neva R. Goodwin

The Nature and Purpose of this Series

This is the first volume in a series. The purpose of the series is to provide a
convenient way for people of various interests and backgrounds to famil-
iarize themselves with intellectual developments in areas in which impor-
tant, everyday human concerns (about, for example, happiness, justice, or
the health of the ecosystem) significantly influence, and are influenced by,
economic behavior. The first such area, surveyed in this volume, is Ecolog-
ical Economics; later volumes will survey such topics as The Consumer
Society; Definitions and Assessments of Human Welfare; Sustainable
Development; Meaningful Work; and Economic Power.

We have identified these topics as issues on the frontiers of economic
thought because they share three characteristics: (1) they are subjects
which, we believe, have extremely important implications for the nature
and the consequences of human economic behavior; (2) these topics have
not been treated as central to the discipline of economics as now defined;
and (3) they have a strong intrinsic interest for other areas of intellectual
endeavor in addition to economics. 

These Frontier areas are also the focus of considerable intellectual liveli-
ness. Many individuals, recognizing the centrality of these issues for the
world of the late twentieth century, have been thinking and writing about
them. Among these:
(1) Some are trained economists; of these, some have retained their iden-

tity as professionals within this discipline, but many others have found
their concern with the “frontier issues” to be incompatible with the
systems of rewards and recognition in the field, especially in the
United States. 

(2) Some people who think and write about ecological economics, the
consumer society, sustainable development, and other frontier issues
come to these subjects from other disciplines such as anthropology,
sociology, geography, political science, history, and philosophy. 

(3) Other Frontier thinkers are hard to place; they cross the usual lines
between “intellectual” and “activist,” as well as the disciplinary lines
between, for example, economics and philosophy, or sociology or ecol-
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ogy. As often occurs, some of the needed new theory is being pio-
neered in practice before it is generalized and abstracted conceptually.
Thus there are also writers in what we have identified as Frontier areas
who are more readily identified as activists than as academics.

As an economist myself, I first began to think about the six Frontier areas
listed above primarily in relation to the discipline of economics. From that
perspective it seemed that there would be great value to the creation of a
practical and convenient method for economists of all kinds to become
familiar with work being done in areas that should be—but are not now—
studied within the core of the discipline. As the research into the first Fron-
tier area progressed under the leadership of Rajaram Krishnan, it became
increasingly clear that everything about the project is interdisciplinary. We
found it necessary to search far beyond the borders of economics for work
on any one of the Frontier topics, and to read work by authors from the
wide range of disciplines suggested above; we also recognized that the
results would be useful to people with quite varied reasons for their inter-
est in areas in which economic concerns overlap issues that are more often
thought of as environmental, psychological, ethical, etc.

The method used in this project is a novel one, providing not just new
information but a new genre of information presentation. It is, perhaps,
most similar to the collections of abstracts of articles in a given area that are
available for various disciplines; however, the summaries that will comprise
the largest part of each volume in this series are very different from
abstracts. They are considerably longer, since they are designed not only to
list the topics that are covered in each article but also to present, in a read-
able, abbreviated form, the most important arguments made about those
topics. As compared to more complete bibliographical listings, the Fron-
tiers volumes are selective, representing the judgment of well-informed
research teams about which are the critical writings in each area.

How do we expect these summaries to be used? Clearly, reading a sum-
mary of two or three pages is not the same as reading the original article,
which might be anywhere from five to fifty pages long. Some lines of
thought will be compressed; others will be omitted. Initially, we wondered
whether there might be a danger that the Frontiers summaries would be
read instead of the articles that they describe. In one sense, that may be
true: someone who would not have the time, patience, or research knowl-
edge to read 100 articles in ecological economics might, nevertheless, read
through the approximately 100 Frontiers summaries in this area. However,
just as radio technology increased the purchase of musical recordings by
introducing listeners to new music that they then wanted to hear again, we
believe the net result of the Frontiers publications will be an increase in the
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number of articles read. Where the reader finds something of special value
or pertinence, s/he is likely to want to go to the original to grapple with
the details and to get the full context. Someone who is interested in one of
the Frontiers topics but does not know where to begin can browse through
that volume, find the parts of greatest interest, and locate therein the arti-
cles that s/he will then search out to read in full. 

The primary purpose of each volume in the series will be to provide a
good overview of one of the areas we have identified as being on the fron-
tier of the field of economics. As an overview, the intention is to address
such questions as: What is included in contemporary understandings of this
area of thought? What is the research agenda? Which, to date, are the most
important writings in the area? 

Regarding the last question, the research team for the Frontiers series
takes responsibility for determining “importance” on two grounds. One of
these is the ultimately subjective decision of which articles will add to the
collection valuable ideas that are not readily found—or that are not so well
expressed—elsewhere. The same principles are true of the selection of which
arguments within a given article are to be summarized—and which will be
left out. That is to say, particularly in the case of long articles, some parts
will only be mentioned, while more attention will be paid to the sections
that help to round out the volume’s presentation of the whole Frontier
area. Thus, the subjectivity of the judgment used in compiling the volume
must again be acknowledged; nothing but individual judgment can be used
to determine which are the “critical” ideas. This is noted without apol-
ogy—indeed, if anything, the reverse; a large part of the value of this pro-
ject depends upon the fact that critical judgment has been used in selecting
and summarizing the articles included herein.

Our second criterion for determining “the most important writings” is
somewhat more objective; here “importance” refers to the impact that an
article has had upon other thinkers in the area. This is in part inferred by
noting which articles are most frequently referenced in the literature. Addi-
tionally, near the beginning and the end of the research work for each vol-
ume we communicate with a few (perhaps a dozen) outstanding writers and
thinkers in the area to request their comments on the project. At the begin-
ning we ask them for bibliographies of works they have found especially
useful or illuminating; at the end we request their reaction to our final
selection list.

In attempting to provide an overview of each Frontier area, we have
found it helpful to break it down into parts. Each part is preceded by an
essay that analyses the state of that part of the field—what it has to offer,
where it is perceived to be weak, where we feel that additional research is
most needed, etc. 
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The users of the Frontiers volumes are expected to include people from
the following groups:
(1) Researchers coming from the discipline of economics who are working

on—or are curious about—the particular Frontier areas dealt with in
each volume. These will include those who think of themselves as in
the “mainstream” of neoclassical economic thought, but who are
interested in what is going on at what they regard as the margins of
the field. It will also include others who have already focused on the
areas of our summaries and who may regard them as the proper core
of economics. (We hope that the term Frontiers is meaningful from
both points of view.)

(2) Researchers in other academic areas. We are especially aware of connec-
tions among the social sciences (sociology, anthropology, geography,
political science, history, etc.). This series will provide a source
through which such researchers can understand and thereby con-
tribute to the analysis of issues on the margin between economics and
their own fields without having to penetrate the barrier of the lan-
guage and techniques of neoclassical economic presentations.

In addition to social scientists, we expect to find other academic
readers such as philosophers (especially philosophers of science), as
well as some engineers and natural scientists who have a professional
interest in the various areas of intersection with economics that will be
surveyed in the Frontiers volumes.

The project is undertaken on the assumption that this segment of
our audience will have as much to contribute to the development of a
more appropriately contextualized economics as economists have to
contribute to their fields.

(3) Teachers and students at the graduate and undergraduate level who can
use the Frontiers summaries as a basis for interesting reading and class-
room discussion on alternate viewpoints.

(4) Activists seeking to understand academic arguments in a nontechnical
form.

(5) Foundations, government agencies, and other sources of research support
and employment of economists who can view the volumes as guides for
shaping research agendas. Characteristics of the Frontiers areas
selected for this project include novelty and contentiousness: the old
borders of economics are being stretched because some thinkers, both
inside and outside of economics, believe that there are critical subjects
not being adequately served by the existing paradigm. The mainstream
is bound to resist such redefinitions, and the process of redefinition
will inevitably be accompanied by differences among the new thinkers.
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The Frontier project aims to hasten the process of sorting out the lead-
ing contributors to the new ideas.

The Need for New Approaches to Economic Theory

This section of the Series Introduction will lay out, in more philosophical
terms, the reasons why we believe that the areas we have identified as Fron-
tier issues are, themselves, of critical importance at this time; and why we
have chosen the method of these volumes for giving wider currency to
intellectual developments in these areas.

What matters? That first question of philosophy should also be the first
question of economics; for if the study of economics is to be of value to
society it must stress the aspects of economic behavior that matter the
most. 

This series, Frontier Issues in Economic Thought, arises out of the convic-
tion that while the focus of economic theory has shifted over time, it has
not done so in ways that, as of the 1990s, have brought it abreast of the
most important aspects of economic behavior. A number of critical areas
which should be at the center of the mainstream of thinking about eco-
nomics have, instead, been left to the margins. It is arguable that those mar-
gins, viewed by the most conservative members of the mainstream as
“fringes,” are more properly seen as the “frontiers” of economic thought.
They include the topics we have selected for this series: ecological eco-
nomics; the consumer society; definitions and assessments of human wel-
fare; sustainable development; meaningful work; and economic power.

How—and why—has the content of the field of economics diverged
from the subjects that are of prime economic importance in evolving mod-
ern societies? A full answer to that question, as well as a defense of the
premises on which it rests, would require a much longer exposition than is
possible here.1 In suggesting some of what would be included in a fuller
argument, I will start with some perceptions of what economics was about
in the eighteenth century.

Adam Smith, for the titles of his two great works—The Theory of Moral
Sentiments and An Inquiry into the Nature and Causes of the Wealth of
Nations—chose three of the concepts that were of paramount importance
in his time—morality, wealth, and the nation—as an especially appropriate
level of analysis for economic thought. In the eventful two centuries since
then (with an appreciable part of that eventfulness attributable to Smith’s
influence) some priorities have shifted. For example:
(1) The role of the nation is different, its singular importance challenged

by supra- and sub-national allegiances and powers. Some examples
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include multinational corporations, the Bretton Woods institutions,
newly energized religious movements, the as yet hardly realized impact
of the mega-cities (those with over 10 million inhabitants), and a vari-
ety of local movements and ideologies (some, but not all, formalized
in NGOs).

(2) Wealth—the power to command resources—has different meanings
depending upon the type of need or want for which it is sought. When
the most pressing needs are directly related to survival, then acquisi-
tion of the necessary resources for survival requires no explanation;
survival and the means for survival are so clearly and obviously con-
nected that it hardly seems necessary to make a means/ends distinc-
tion. However, when the basic needs have been secured, then another
issue arises concerning the acquisition of wealth. Wealth must be
regarded as a means—to what end? One word used to indicate the
end, or purpose, of wealth is well-being.2 To the extent that progress
(or development, or the accumulation of capital, etc.) brings people to
a state of affluence where their individual and family survival appears
assured, wealth as an end in itself should cease to be the focus of eco-
nomics. The coexistence of unprecedented affluence with extreme
poverty,3 as well as the impacts upon our environment and the impli-
cations thereof for the future, strongly suggest that the focus of eco-
nomics should shift from wealth per se to the purpose of wealth. 

(3) Morality was assumed by Smith as an essential backdrop for all human
behavior; this was not less so in economic behavior than in other areas.
As the discipline of economics developed, subsequent writers increas-
ingly looked only to The Wealth of Nations, forgetting that its author
wrote it in the context of The Theory of Moral Sentiments, and also
downplaying the moral arguments that thread through The Wealth of
Nations. This is a topic which has not become less salient for economic
behavior; however, it has been pushed to the fringes of the field of eco-
nomics.4

It is interesting—and perhaps a little depressing—to see how the evolu-
tion of the field of economics has diverged from the evolution of economic
issues and realities. Take, for example, Adam Smith’s focus on the nation.
As taught in colleges and universities, economics is generally viewed as
composed of two approximately equal halves: micro- and macroeconomics.
The field of macroeconomics, essentially invented by John Maynard Keynes
at the end of the depression of the 1930s, accepts Smith’s assumption of
the nation as an especially appropriate level of analysis for economic
thought. Microeconomics, by contrast, focuses on what are regarded as
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individual economic actors, such as families, firms, and labor unions. There
is no developed field of global economics; trade theory, for example, is
largely based on standard micro and macro concepts. By now the field of
macroeconomics is in considerable disarray, as successive attempts to make
tight logical connections between micro and macro have failed. However,
economics curricula have not yet been changed to reflect the fact that the
old micro–macro division no longer works.

The failure by economists to elevate the concept of well-being to an
importance equal to that given to wealth is related to the loss (from most
writing in economics since the time of Alfred Marshall) of an appreciation
of the salience of moral issues to economic behavior. It may be said that the
basis of human morality is human values—our identification of what mat-
ters. In the mainstream, neoclassical economics paradigm the single value
admitted to is efficiency. Efficiency, however, is only a means. When pressed
to name the end to which efficiency is a means, neoclassical economists offer
the maximization of utility. In practice, most economic writings admit that
utility is undefinable (or, at least, unobservable and immeasurable). They
therefore use as a proxy goal the maximization of consumption—and thus
of production—within feasibility constraints. The growing recognition that
the feasibility constraints must include such ecological issues as carrying
capacity and sustainability has not succeeded in changing neoclassical eco-
nomics’ orientation to growth in production and consumption. That orien-
tation can only be affected by a much deeper alteration in our appreciation
of what constitutes human well-being, with renewed attention to both the
individual and the societal goals whose realization promotes well-being. 

The Mainstream and the Frontiers

The foregoing description of changes in economics since Adam Smith pro-
vides a very cursory look at some of what we believe to be missing from the
contemporary mainstream paradigm. Within this synopsis may be seen the
germs of the ideas that have been developed into what we are calling Fron-
tier areas. 

The definition of “Frontier” areas implies, by contrast, the existence of
“core” or “mainstream” areas. Any body of knowledge that has received
systematic academic attention develops a mainstream following. A main-
stream represents a core of knowledge, theory, methodology, approach,
and point of view which is widely accepted. At the same time, it imposes a
degree of conformity upon views and methods; indeed, it may so take for
granted large parts of its world view (i.e., the bundle composed of knowl-
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edge, theory, methodology, approach, and point of view) that it would
deny that it possesses them—just as some people deny that they have any
kind of accent in their speech: an accent (or an approach, or a point of view)
is what other people have. 

The mainstream determines the boundaries of the discipline within
which debate is acceptable—given a methodology, the fundamental ques-
tions to be asked, and the areas of investigation; however, it precludes seri-
ous debate about the methodology, the fundamental questions, and the
areas of investigation. That part of the literature which asks and answers
questions on these fundamental issues constitutes the frontier of a disci-
pline. A frontier area whose existence questions the premises of the main-
stream and develops different analytical frameworks is likely to be margin-
alized and ignored by the mainstream until something like a paradigm shift
occurs (approximately along the lines suggested by Thomas Kuhn’s 1962
book, The Structure of Scientific Revolutions). 

This conception of what constitutes a “Frontier” area both permits and
justifies this project. It permits it because mainstream areas tend to be so
well explored, and to have generated such a large literature, that it might
not be feasible to survey any comparable mainstream area in the depth sup-
plied in the Frontier volumes. The only comparable efforts in the field of
economics—for example, the abstracts published quarterly in the Journal of
Economic Literature—are far briefer, and are narrowly focused on subjects
that fit within the methodological approaches and subject categories cur-
rently in (mainstream) fashion. While modern information technology is
likely to make it progressively easier to stay current even in areas that lie on
the edges of disciplinary divisions, technology cannot substitute for the
selective judgment that is essential for this project. Right now, and for at
least a few years to come, it will be feasible to gain an overview of the Fron-
tier areas we have identified because, while the expansion of new areas and
new kinds of economic thinking is very rapid, this development is of recent
origin, and the material to be surveyed in these areas is still of a compre-
hensible volume. 

At the same time, this project is justified by its focus on fast-changing
Frontier areas where there is a special need for clarification and systematic
comparison and sorting out. The Frontiers volumes will have an excep-
tional value in this period, when so much is, so to speak, up for grabs. While
the very foundations of economics (the psychological assumptions, for
example, upon which the whole system of theory is axiomatized) are being
questioned and reevaluated, new thinkers cannot turn to the standard body
of accepted knowledge as background for their original work. The ques-
tion, “where shall I look?” then becomes exceptionally poignant; guidance
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in finding individual answers to that question is needed more now than in
times of less questioning and seeking.

Many thoughtful commentators now perceive a need of great scope; in
the end, what is required may be nothing less than one or more whole
alternative systems of economic theory. Any alternative that is to be
adopted must be able to show that it can, under reasonable goal definitions,
rival the achievements of the currently dominant paradigm—achievements
which represent the efforts of a vast amount of human talent, operating
cumulatively over all of this century. To take on the task of erecting a viable
challenge to the existing economic paradigm, each thinker needs as much
assistance as possible. Even if, in normal times, few expect to find what vir-
tually every researcher would always like to have—a volume of extracts sur-
veying his/her area of interest—such an aid will be of exceptional signifi-
cance in this transitional era.

Another justification for this project is the growing number of scholars
from all disciplines who believe that the future of the social sciences must
include a strong move toward interdisciplinary teamwork. On the one
hand, they point out, we encounter ever growing scale and complexity
among the human problems that the social sciences are designed (in their
applied form, and in the theory formulated to underpin their application)
to address. On the other hand, expansion of the knowledge which could
conceivably be used in addressing these problems invites ever more minute
specialization as the only way for a single individual to be master of all the
information in a single (ever more narrowly defined) area. Only by inte-
grating the masters of many specialties into teams, and by developing cre-
ative new models for interdisciplinary social science teamwork, can we take
advantage of all the information needed to deal with problems of growing
complexity.

It is worth exploring whether the Frontiers publications may be able to
play a useful role in allowing individuals who wish to make connections
with disciplines beyond their specialty to take the kind of quick survey that
will allow them to decide where and with whom they could most usefully
connect. If this project can, indeed, give this kind of assistance, it will also
strengthen the argument for working on the technology that might make
it possible to continue publications of this sort even in mature fields.

Finally, given that this is a time of exceptional ferment and creativity in
the field of economics, there will also be an historical value to the Frontiers
publications. They have the potential to be viewed, in the future, as critical
records of a pivotal moment in the history of economic thought—one of
the interdisciplinary periods when traditional disciplinary boundaries are
reevaluated and redrawn.
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Conclusion

In concluding this Series Introduction a few explanations and disclaimers
are in order.

To make the Frontier summaries as readable as possible, we have tried to
minimize direct quotations from the articles being summarized. Where we
have used quotations from the original it has been either because the
author stated an idea so succinctly and precisely that it seemed any other
wording would be much inferior, or else because a particular phrase or
expression is so distinctively associated with its author that direct quotation
was important to give the flavor of the article. We have tried to be scrupu-
lous about using quotation marks to indicate when a summary includes
material quoted directly from the original. We have generally omitted arti-
cles that describe specific techniques and articles that are empirical in
nature, as they are very difficult to summarize in a manner that would make
sense to the general reader.

The pool from which our selections were drawn was not, as we would
ideally have liked it to be, a global one, since our resources did not permit
us to undertake a multi-language survey. We are aware, however, that this
limitation makes the survey less complete than we would have wished. We
do not assume that articles omitted because they were not printed in Eng-
lish are necessarily of lesser importance than the ones to which we had
ready access. 

Even within the universe of articles printed in English, our selection is
fairly U.S.-centered. Although, after publication, we will undoubtedly dis-
cover additional papers that we never knew existed, and that we wished we
had read before going to press, we nevertheless feel that we have made a
quite comprehensive survey of the literature in ecological economics that
has been current in the United States in recent years and decades. Where
we have encountered English-language papers on ecological economics
that were written or published outside of the United States we have
included them in the pool from which we have drawn our final selections;
but we have not made the kind of systematic search outside the United
States that we made within this country. Again, we do not claim any better
reason for this than limitations of time and resources.

We have especially regretted that the necessity to draw boundaries about
what we could survey has caused us to make the somewhat arbitrary deci-
sion to summarize articles, but not whole books. In some cases, where it
seemed especially salient, we have summarized an individual chapter out of
a book, and we have felt free to summarize individual articles from collec-
tions published in book form. However, the task of reducing the content
of a whole book to a few pages is very different from that of summarizing
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even a long article; for this Frontiers volume, at least, we decided not to
undertake it.

Finally, while considering what we have left out, we should mention the
historical classics in the field—works like Ronald Coase’s “The Problem of
Social Cost” (1960), Garett Hardin’s “Tragedy of the Commons” (1968),
or Allen Kneese’s “Analysis of Environmental Pollution” (1971). In decid-
ing not to allocate research time to reading and summarizing the variety of
writings that one would have to consider for this category, we were influ-
enced by our awareness of how much movement there has already been in
this Frontier area. The works just mentioned were written when ecological
economics was not yet thought of; the principal reference point was neo-
classical economics, with its emerging subfield of “environmental econom-
ics.” The latter, as a neoclassical offshoot, essentially applies the tools and
approaches of the mainstream paradigm to issues of environmental impor-
tance. It does not include any dramatic shift of world view, such as the eco-
logical economics view of the world’s economies as being embedded within
the earth’s ecologies, rather than vice versa—an assumption that radically
reverses the neoclassical view of reality. The “classics” cited above made
great contributions in establishing the importance of environmental issues.
However, they are no longer on the ecological economics frontier of the
discipline of economics.

Mention was made earlier of the element of subjectivity involved in
selecting and summarizing papers for this work. It is important to add that
the determination by the Frontiers research team of the most important
ideas does not necessarily connote agreement with those ideas. In fact,
members of the team have strongly disagreed with some of the papers
which are nevertheless represented in the present volume because it was felt
that they articulate ideas which are important in the present development
of ecological economics.

A related point should be made. Ecological economics, like the other
Frontier areas, is rapidly evolving. Among the ideas which we believe to be
central to the area now, it is almost certain that some will, over time, lose
their salience, while others that do not seem so important now will come
to command greater attention. It would be surprising if the team of
researchers that has been deeply immersed in this topic for nearly three
years did not possess opinions as to which ideas deserve to drop out and
which should be given more attention.

We have tried to be moderate in our representation of these opinions,
steering a middle course between, on the one hand, a positivist view that
there is an objective reality to the existence of the area of study called eco-
logical economics; and, on the other, a relativist recognition that such con-
ceptual categories are created in the minds of people, including ourselves.
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Positivistically, we have included in this volume ideas and papers with which
we do not necessarily agree, but we feel that they are important to a gen-
erally held definition of the area. Relativistically, we have tended to give
somewhat more emphasis to the ideas that we feel will or should increas-
ingly define this area in the future, and less to those that seem to us due to
diminish in influence. This balance is evident in the essays introducing each
section as well as in the selection of papers summarized.

Our definition of what constitutes a Frontier in relation to economics is
highly dynamic. We expect that the boundaries of the whole discipline will
continue to evolve, both because of progress that has been made in the field
and because of changes in the real world. We hope that our project may
contribute usefully to an evolution of economics wherein some subjects
that now constitute the Frontiers of the field will continue to move closer
to its core. We perceive considerable tension between the methodology and
general approach of the existing core, and the topics which—partly because
they are not so amenable to analysis through the neoclassical approach and
methods—have been left out of the core. For this reason we anticipate that
the field may have to undergo some difficult, even wrenching, changes if it
is to adapt as suggested here. It is comforting to find such a possibility
anticipated by so eminent an economist as Sir John Hicks:

Our theories, regarded as tools of analysis, are blinkers. . . . Or it may be
politer to say that they are rays of light, which illuminate a part of the tar-
get, leaving the rest in darkness. As we use them, we avert our eyes from
things which may be relevant, in order that we should see more clearly
what we do see. It is entirely proper that we should do this, since other-
wise we should see very little. But it is obvious that a theory which is to
perform this function satisfactorily must be well chosen; otherwise it will
illumine the wrong things. Further, since it is a changing world that we
are studying, a theory which illumines the right things at one time may
illumine the wrong things at another. This may happen because of changes
in the world (the things neglected may have gained in importance rela-
tively to the things considered) or because of changes in ourselves (the
things in which we are interested may have changed). There is, there can
be, no economic theory which will do for us everything we want all the
time.5

We are not more optimistic than Hicks that any economic theory—even
one that took full account of all of the important issues now lying on its
frontiers—could do everything one would want for all time. However, we
believe that an economic theory that is to be truly useful and appropriate
for the times just ahead will need to take account of the Frontier areas
described in this series.

In stressing the importance of these areas we do not regard them as of
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concern only to economists. We offer this project to our colleagues, to
researchers, activists, and the intellectually curious, with mingled convic-
tion and humility. We hope that we are contributing to movements that will
not only change some disciplinary boundaries and broaden the real-world
usefulness of economics, but will also assist in the development of more
fruitful teamwork and interdisciplinary research. However, whatever intel-
lectual structures, or disciplinary boundaries, emerge from this transitional
era, we have to anticipate that a time will come when they, too, will no
longer be able to keep step with changing circumstances, and will need to
be challenged and changed anew.

Notes
1. See Neva R. Goodwin, Social Economics: An Alternative Theory, Volume 1:

Building Anew on Marshall’s Principles (London: Macmillan, and New York: St.
Martin’s Press, 1991). See also Neva R. Goodwin, Silvio O. Funtowicz, Jerome R.
Ravetz, and Bruce Mazlish, Intellectual Trends into the Future: Neoclassical Social
Science and the Possibility of Social Progress (in preparation).

2. Another word, favored by many economists, is utility. In its most general
sense (where it means something like “whatever it is people want”), utility is, if any-
thing, less well defined than well-being. When a more concrete definition is
needed, utility is often defined as consumption of goods and services. That defini-
tion also has its problems (see below). 

3. Given that the absolute size of the human population is now about five times
greater than it was when Smith wrote, and that approximately one-fifth of all peo-
ple now living suffer from severe deprivation of the basic requirements of life, it is
evident that the absolute number of people for whom “wealth” is a simple survival
issue is larger than it was in the eighteenth century. At the same time, however, far
more human beings than at any previous time in history are now enjoying sufficient
command over resources that they can consider other goals of wealth than simple
survival. 

4. See Neva R. Goodwin, “Economic Meanings of Trust and Responsibility,” in
As If the Future Mattered: Translating Social and Economic Theory into Human
Behavior, ed. Neva R. Goodwin (Ann Arbor: University of Michigan Press, forth-
coming).

5. John Hicks, Wealth and Welfare: Collected Essays on Economic Theory, Vol. 1
(Cambridge, Massachusetts: Harvard University Press, 1981), 232–33.
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Preface

How can we define ecological economics? Is it a sub-field of economics,
an interdisciplinary area, or a discipline in its own right? As the field has
developed, it has shown aspects of all three categorizations. After exploring
the expanding literature of ecological economics, the researchers for this
volume have leaned toward the third proposition: a new field of study is
being defined which is independent of the standard economic paradigm.

This is an ambitious claim, and the reader will have to make his or her
own judgment as to how well it is supported here. After surveying hun-
dreds of books and articles, however, the editors of this volume feel that a
strong case exists for the emergence of ecological economics as a new field
of research and study. Not that the discipline lacks historical roots—but it
is only within the past decade that it has emerged from marginality to play
a significant role in shaping serious thought about global economic and
environmental issues.

The field of “environmental economics,” as distinct from ecological eco-
nomics, already exists in mainstream economics. However, that mainstream
approach is felt by many theorists and practitioners to be inadequate to deal
with the contemporary crises of environment/human interactions. The
“environmental” area within the existing discipline of economics is too
constrained by its requirement of market valuation to respond adequately
to the complexities of issues such as global warming, species loss, ecosys-
tem degradation, intergenerational equity, and non-human values. Ecolog-
ical economics, by contrast, starts from a recognition of the biophysical
realities underlying the operations of the economic system. Economic
issues are then viewed in this context, rather than attempting a monetary
price valuation of all aspects of the environment.

The issues which ecological economics brings to the fore are especially
important in a long-term perspective and on a planetary scale. Much of
human economic activity has been directed toward stretching ecological
limits, notably through high-input agriculture and the use of fossil fuels. In
some senses, this enterprise has been phenomenally successful, but over the
long term and in a broader perspective we find that natural systems react
adversely to the ever-increasing pressure to produce for human use. Effects
which are subtle at first gradually become overwhelming. In agriculture,
such effects include cumulative soil erosion and nutrient loss, water over-
draft and pollution, and the emergence of resistant pest species. The inex-
orable buildup of carbon dioxide in the atmosphere has no immediate
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effect on economic activity, but eventually it may threaten the climatic sta-
bility of the entire planet. 

Such issues are by now well known but often fail to register on the mon-
etary scale of standard economic analysis. Attempts to reflect these ecolog-
ical developments in economic cost terms inevitably fail to capture the full
scope of the problems. For some time, however, writers in the ecological
economics tradition have warned of just such problems, basing their analy-
sis on such concepts as energy flows and ecological system stability. The
steady drumbeat of news on growing global ecological problems signals a
need to treat the field of ecological economics much more seriously than it
has been treated hitherto by most economists.

The reason why this paradigm shift is particularly important now has to
do with the issue of scale, a concept much emphasized by ecological econ-
omists. In standard economic analysis, there are no inherent barriers to the
scale of the macroeconomy. This vision of unlimited growth is in funda-
mental conflict with the ecological perspective, which sees scale and carry-
ing capacity limits as central to the analysis of any biophysical process. It is
precisely this issue which undergirds almost all of our current environmen-
tal problems. The human race has doubled in numbers in less than forty
years, and may well double again in the next forty. Economic activity has at
least quadrupled over the same period, and according to World Bank fore-
casts will nearly quadruple again by 2030.1 Whether we are thinking of the
loss of open space in the United States, water limits in India, over-harvest-
ing of fisheries worldwide, or the enormous potential coal use of China in
the coming decades, environmental problems are driven by the pressures of
growth. Scale issues can be ignored up to a point, as they are in mainstream
macroeconomics, but we are now well past that point.

If we accept the case for a more careful consideration of ecological eco-
nomics, what do we find? This is the question which motivated our research
for this volume. The organization of the volume is intended to present the
full scope of the field, starting with its historical roots and the definition of
the field. We then move to general and specific theoretical concepts, then
to energy and resource flow analysis and national income accounting tech-
niques. Applications to North–South/international relations and to social,
ethical, and institutional issues round out the volume. Several hundred arti-
cles and books were surveyed in the search for those which would best rep-
resent the field. Our selection principle has favored those articles which we
believe best express a key concept or argument. Rather than reprinting full
articles, we have chosen to summarize articles or book chapters. In this way,
the reader will get the benefit of the essential content of an article—which
would not emerge from a shorter abstract—but a far larger number of
authors can be included than would be possible if the full text was repro-
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duced. In every case, the authors have reviewed the summaries to check
that their work is adequately and clearly presented. These summaries, how-
ever, are in no way meant to substitute for the original articles. We strongly
recommend that readers seek out the full texts in their areas of interest. 

The overview essays at the head of each part attempt to synthesize the
diverse selections to give a sense of the nature of the field. Despite the var-
ied views and theoretical perspectives represented, we feel that a certain
Gestalt emerges, a sense of a viable field of analysis with its own parameters
and techniques. There is certainly some overlap with standard economics as
well as with ecological, political, historical, and ethical analysis. But we feel,
and have some confidence that the reader will also feel, this emergence of
a new and essential discipline.

Such a far-reaching enterprise has necessarily involved the contributions
of many people. Rajaram Krishnan, an economist specializing in agricul-
tural and labor issues in development, has coordinated the selection and
preparation of summaries, as well as providing a summary essay for Part VI.
Jonathan Harris, who has published work on the economics of agriculture,
trade, and global institutions, has written most of the overview essays that
introduce the parts of the book. Neva R. Goodwin, the originator of 
the project and author of Social Economics: An Alternative Theory, has 
contributed the Part VII overview. The research team for this volume
included Andrew Morrison, Daniel Von Moltke, Daniele Guidi, and Kevin
Gallagher. For tireless editing work we are indebted to Carolyn Logan.
Associates of the Global Development and Environment Institute includ-
ing Jeffrey Zabel and Elliott Morss contributed to the shaping of this vol-
ume in its early stages. The final responsibility for the selection and con-
tent rests with the three editors. We hope that we have done justice to the
field of ecological economics, and perhaps helped to define this emerging
discipline.

Most of the funding for the research and writing of this volume was pro-
vided by the John D. and Catherine T. MacArthur Foundation, as part of
a grant to the Program for the Study of Sustainable Change and Develop-
ment. Tufts University administrative staff have provided essential support
throughout. We are very grateful for the active support of these institu-
tions, without which the project would not have been possible.

Note
1. World Bank, 1992 World Development Report: Development and the Environ-

ment (Oxford University Press, 1992), 9.
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Note to the Reader

In general, the summaries presented here do not repeat material from the
original articles verbatim. In a few instances it has seemed appropriate to
include in the summaries direct quotations from the original text ranging
from a phrase to a few sentences. Where this has been done, the page ref-
erence to the original article is given in square brackets. The complete cita-
tion for the article always appears at the beginning of the summary. Refer-
ences to other books or articles appear in endnotes following each
summary.
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PART I

Historical Perspectives

Overview Essay
by Jonathan M. Harris

The history of economic theory is today a neglected field. If the evolu-
tion of economic ideas is studied at all, it is generally viewed as a linear, pro-
gressive process leading inevitably to the highest embodiment of economic
analysis: today’s neoclassical model. The average student of economics will
encounter the names of some bygone economists appended to concepts:
Smith’s invisible hand, Ricardian rent, Keynesian fiscal policy, Marshallian
demand curve, Walrasian general equilibrium. But these concepts are
merely embedded in what is generally taken to be a complete and consis-
tent theory of economic activity. Missing is any sense of intense contro-
versy, internal conflicts, fundamental divisions, wrong turns, and neglected
insights in the history of theory. The major remaining controversy centers
on the efforts of “new classical” economists to purge the last vestiges of the
Keynesian heresy from the field, against the resistance of aging Keynesians
and a few Post-Keynesian radicals. But little attention is given to the history
of theory for insights into this or any other modern issue.

The selections in this part offer a contrary perspective. From varying
viewpoints, they suggest that crucial issues raised by pre-classical and clas-
sical economists have been neglected, leading to fundamental weaknesses in
present mainstream theory. New life is thus breathed into old controversies,
and apparently minor or outdated views are seen to hold clues to modern
dilemmas. Issues such as the productivity of land, population growth,
resource and energy limits, and the moral/philosophical basis of economic
activity gain a new currency in the context of modern environmental crises.
This discussion defines the theoretical background for the emergence of
ecological economics as a discipline.

Paul Christensen outlines the major theme of this part: the roots of eco-
logical economics are to be found in the physiocratic and classical schools
of economics. Both placed emphasis on the productive power of “land,” a
concept which is usually taken broadly in economics to encompass all nat-
ural resources. Specific attention to the importance of energy flows is also
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seen in the works of some pre-classical and classical authors. However, these
concerns were then lost in the further evolution of neoclassical economic
thought. As economics moved toward analytical formalism and mathemat-
ical modeling, material and energy flows were subsumed under the
homogenous categories of “capital” and “labor.” “Land” survives in formal
models only as a one-dimensional concept which fails to reflect the physi-
cal realities of natural resources and energy. The complexities of the real
world are sacrificed on the altar of mathematical simplification.

Christensen suggests that these neglected themes from classical thought
can form the basis of a new “biophysical economics” focusing on energy
and resource use in production, and on the specific and complementary
nature of productive inputs. (Complementary here refers to the essential
role of energy and resources in the operations of physical capital, in contrast
to the neoclassical convention of viewing all productive inputs as substi-
tutes.) A convergence is seen between this classically based alternative the-
oretical approach and some of the twentieth-century non-mainstream 
theories such as Sraffa’s commodity analysis and Post-Keynesian disequili-
brium theory. Christensen thus draws together some of the threads of
opposition to the formal mathematical models of equilibrium which dom-
inate contemporary economics.

Gerald Alonzo Smith offers an overview of a different but equally impor-
tant dissenting theme in the history of economic thought. Early opponents
of the doctrine of economic growth, such as Sismondi and Ruskin, argued
that true human welfare is not best served by expanding production of
material goods. Hobson and Tawney continued this critique of consump-
tion as the goal of economic activity. None of these thinkers had much
impact on the course of standard economic theory, but their ideas have
gained new relevance in the post–World War II period, as mass consump-
tion has expanded beyond anything they could have foreseen. As we will see
in later parts of this volume, the moral/ethical critique of economic growth
deriving from their work combines with the biophysical critique of ever-
expanding production to shape the world view of ecological economics.

D. H. Judson pursues the issue of convergence between ecological eco-
nomics and neo-Ricardian value theory. In both, the source of value is iden-
tified with productive factors, a theme common to the Physiocrats, Smith,
Ricardo, and Marx. This contrasts with the neoclassical derivation of value
from individual demand or utility. Energy theorists share with neo-Ricar-
dians several important assumptions about the nature of value: they both
proceed from the social rather than the individual level, see value as objec-
tive rather than subjective, and are concerned with dynamic processes of
growth and change. Differences arise, however, over the delicate issue of
whether a single ultimate determinant of value can be identified, or should
even be sought. Neo-Ricardians tend to look to commodity inputs as the



Overview Essay 3

basis of value, while ecological economists favor energy content or entropy
measures.

Some energy theorists have attempted to formalize value determination
in analytical paradigms demonstrating that embodied energy is the source
of all value—reminiscent of the Marxian labor theory of value. This initially
attractive identification of a basic source of value runs into numerous prob-
lems of consistency and application to actual prices. Philip Mirowski’s
“Energy and Energetics in Economic Theory” notes that this “neo-ener-
getics” school can be criticized for oversimplifying the problem, just as neo-
classical theory oversimplifies it in a different way. Objections to identifying
energy as a unique source of value include the problem of quality differ-
ences in energy, the difficulty of actually measuring net energy use, and the
many important properties of materials which are not correlated with
energy content. But even if it falls short of offering a complete theory, the
focus on energy opens up new and important lines of theoretical and empir-
ical investigation.

Juan Martinez-Alier’s book Ecological Economics: Energy, Environment
and Society offers an extensive discussion of the history of energy flow
analysis in economics and related fields. Although much of the work on
energy analysis has been done by noneconomists, there has been a fascinat-
ing, intermittent dialogue between economists and natural scientists on the
role of energy in economic analysis. Agricultural energetics, energy use in
industry, and issues of resource use and conservation, among other themes,
are prominent in this dialogue, involving economists such as Jevons, Marx,
and Walras as well as ecologists and energy theorists such as Podolinsky,
Sacher, Popper-Lynkeus, Liebig, Clausius, and Soddy. Martinez-Alier also
discusses a possible convergence between Marxism and ecology, proposed
by Podolinsky but resisted by Marx, Engels, Lenin, and other orthodox
Marxists.

Robert Kaufmann also suggests that Marxist and ecological analysis need
each other’s insights in order to explain the interplay of social, technologi-
cal, and environmental factors in shaping economic history. Theories of the
exploitation of labor under capitalism can find some common ground with
theories of exploitation of resources. Kaufmann presents only a sketchy out-
line of the complementarity of the two approaches, and a very simple the-
sis relating energy availability to class conflict, with echoes of familiar Marx-
ist dogmatism. Whether or not this line of thought is considered fruitful, it
certainly raises the issue of the relationship between ecological and
social/political critiques of economic theory, a topic which is pursued fur-
ther in Parts VI and VII of this volume.

Cutler Cleveland goes further into the issues associated with the evolu-
tion of energy theory and biophysical economics. Tracing the line of
descent from the Physiocrats through Joseph Henry, Herbert Spencer, Wil-
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helm Ostwald, Frederick Soddy, W.F. Cottrell, and M. King Hubbert to
today’s energy and ecological theorists such as Howard Odum, Robert
Costanza, Nicholas Georgescu-Roegen, and Herman Daly, he identifies
two central themes. These are the limitations imposed on economic activ-
ity by the laws of thermodynamics, and the complementary nature of
energy and capital in production. Taken together, these place strict limits
on the ability of economic systems to expand based on technological
progress and flexibility in production. Standard economics, of course, has
been far more influenced by the immense potential of technological
progress and market adaptability. This faith in technology has been embod-
ied in a formal neoclassical theory which essentially recognizes no limits to
technological progress, substitutability in production, or economic growth.
The experience of two centuries of economic growth, and especially the
rapid expansion of the past fifty years, might seem to support this more
optimistic paradigm. The case for the alternative must then rest on the
argument that conditions are changing, in accordance with the physical
laws of energy and resource flow, in such a way that the next fifty or one
hundred years of economic development will look fundamentally different.

The articles by J.F. Richards and Lynn White, Jr. introduce the historical
perspective which is essential to this debate, and which is often lacking in
mainstream economics. Richards ties the history of economic development
to the massive impacts of human activity on soils, forests, wetlands, arid
lands, and grazing lands throughout the world. This offers a systematic
view of environmental impacts which appear only as disjoint “externalities”
in most standard economic analysis. Lynn White, Jr. discusses the ethical
world view which has accompanied the ever-increasing technological
appropriation of Nature for human purposes: a predominantly Christian
anthropomorphism which justifies resource expropriation and even ecolog-
ical vandalism in the cause of economic growth.

Robert Goodland’s article presents “The Case That the World Has
Reached Limits,” an application of these themes to the current world econ-
omy. Numerous “red flag” indicators show that resource use trends which
have accompanied economic growth for centuries are now stressing ecosys-
tems to the point of collapse. Goodland focuses on biomass appropriation,
CO2 emissions, ozone depletion, land degradation, and biodiversity loss;
other such indicators could be cited. While there is controversy over the
specifics, a good case is presented for the proposition that population and
economic growth have now fundamentally altered the relationship between
human activity and planetary ecosystems.

If indeed the current ecological crisis necessitates a reevaluation of the
“neglected” trends in economic theory emphasizing energy and resource
use, there will be major implications for development theory. One of these
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implications, of course, is a renewed emphasis on population. Paul Harri-
son provides an overview of the history of the population growth debate,
counterposing the Malthusian tradition with pro-natalist theories maintain-
ing that population growth complements and stimulates technological and
economic progress. Economic theorists in general have not worried much
about population; as world population approaches six billion they clearly
must. Issues of carrying capacity, food production, and environmental
stress, as well as the more general issue of quality of life, are all dramatically
affected by population size and growth rates. This insight must become
fundamental to theories of economic development.

A second major implication of an ecological perspective on economic
development is the obsolescence of what F.E. Trainer calls the “indiscrim-
inate growth and trickle-down-someday” approach. Trainer argues that it is
patently impossible for the growing population of the less developed
nations to attain “first world living standards” as they are currently con-
ceived. Yet this is the implicit goal of current development theory: to make
the poor richer, while the rich become richer yet. In a world of biophysical
limits, development must be redefined in terms of adequacy and self-suffi-
ciency for all rather than ever-increasing affluence for the rich with the rest
coming along in their wake. The implication of this redefinition is that
material improvement for the poor is linked to a kind of “reverse develop-
ment”—reduction of resource consumption by the rich. (A notable exam-
ple of this is seen in current proposals for a “trade-off” of CO2 emissions
whereby increased developing nation emissions would be balanced, or
exceeded, by developed nation cutbacks.) Clearly this line of thought
requires overturning economic assumptions which have predominated
since the time of the later classical economists.

Thus the historical background for ecological economics unfolds.
Debates in history of theory are seen to have a strong relevance to cur-
rent environmental crises; yet the answers to current problems cannot be
discerned merely by reviewing historical controversies. A new theoretical
enterprise is indicated, the development of which is the subject of this
volume.
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Summary of

Historical Roots for Ecological Economics—
Biophysical Versus Allocative Approaches

by Paul P. Christensen
[Published in Ecological Economics 1 (February 1989): 17–36. Reprinted 

with kind permission from Elsevier Science B.V., Amsterdam, The Netherlands.]

Economic theory has become a highly axiomatic and deductive science.
While institutionalists have attempted to use results from other social sci-
ences in their analysis, the biophysical foundations of economic activity are
still missing. The other social sciences as well as physics, chemistry, biology,
and ecology must inform economic analysis. The foundations for a theory
that can do this are found in the works of the pre-classical Physiocrats and
the classical economists. This essay considers these foundations and traces
the genealogy of modern economic theory. It establishes the links between
a biophysical theory of the economy and the classical economists.

The Classical Production Approach

The early classical economists saw production as a set of sequential activi-
ties. The extraction of materials and food preceded the processing and fab-
rication of materials. The capital stock was divided into fixed capital—
machines and structures—and circulating capital—food, fodder, raw
materials, and working finance. A distinction was made in the production
process between land and industrial machinery. Earlier the Physiocrats had
regarded land as productive and manufacturing activities as unproductive,
because it was thought that land created a surplus, whereas machinery only
transformed materials. Similar views on the differences between land and
machinery were also held by classicists such as Malthus, who argued that
only “the machinery of the land” could produce food and raw materials,
and Ricardo, who spoke of the “original and indestructible powers of the
soil.” They recognized the inability of industrial machines to produce
without materials and sources of power, and believed that all surplus was
due to the productive power of land. However, only the Italian writer
Pietro Verri made it clear that productivity is not an inherent property of
land, but rather is dependent on material and energy flows through the
land.

The importance of power (energy) in the new technologies of the indus-
trial revolution was also recognized by the post-Ricardian classical econo-
mists, under the influence of technical writers such as Smeaton, Babbage,
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and Ure. The industrial prosperity of Britain was seen as a result of the use
of coal as a source of fuel. In analyzing the use of coal, some writers empha-
sized its physical aspects, while others emphasized its commercial aspects.

Influenced by engineering mechanics (via Babbage), Senior1 emphasized
a physical taxonomy of production inputs: labor and skills, natural agents,
and capital. Capital was divided into fixed and circulating, the former being
tools and machines, the latter the materials embodied in the product (pro-
duction obeyed the law of conservation of matter: a doubling of material
output required a doubling of raw material input). Machines were further
divided into engines producing power and machines transmitting and
applying power. Senior put food and coal (energy resources) with fixed cap-
ital since these were not embodied in output. He needed another category
for motive powers.

Mill maintains Senior’s tripartite classification but includes motive pow-
ers (food, coals, and other natural powers) with materials, judging the dis-
tinction between materials and fuels to be of no scientific importance. This
lack of differentiation between inputs contributed to the absence of an
appropriate terminology for understanding physical processes of produc-
tion. Marshall’s2 choice of a “commercial” rather than scientific terminol-
ogy for capital appears to follow Mill.

Neoclassical Production Theory

Neoclassical theory shifted from a production approach to the economy
and prices to an exchange approach. Eventually this resulted in a model
which combined a marginal utility theory of demand and a marginal pro-
ductivity theory of supply (the latter was only developed in the 1890s).
Early theorists first had to grapple with the classical legacy of a
materials–energy–machine conception of production. A common feature of
all early models was the elimination of the distinction between fixed and
circulating capital (and thus the most obvious problem of complementarity
between inputs). Jevons3 took the approach of reducing fixed capital to a
version of circulating capital. The latter in turn was reduced to the subsis-
tence of workers. Materials, fuels, and fixed capital as direct inputs in pro-
duction were thereby eliminated.

Menger4 and Walras5 were influential in the further elimination of raw
materials from the production theory. Menger supports his theory of prices
with a universal assumption of variable proportions. Thus the possibility of
substitution of techniques (with their distinct material and machine
requirements) was confused with factor substitution along an isoquant.
Walras formalized the elimination of raw materials from the production
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process by vertically aggregating manufacturing and agricultural produc-
tion. Walras argued that final products are obtained by combining raw
materials, land, labor, and capital, but raw materials themselves are obtained
by combining land, labor, and capital. Consequently, raw materials and
time do not need to be included explicitly along with the other factors, and
they are therefore eliminated from the representation of production. Mar-
shall further excludes raw materials, referring to them as incidental
expenses. Marshall’s neglect may be attributable to a recognition of the
incompatibility of their inclusion within the marginal framework of analy-
sis. This incompatibility arises because the marginal framework requires
substitutability among inputs, while raw materials are clearly complements
to other inputs in the production process, and are therefore not substi-
tutable.

Thus the neglect of raw materials, energy, and complementarity in pro-
duction facilitated development of marginal productivity theory. However,
this theory is not based on a physical analysis of production activity.
Resource valuation depends only on individual preferences and initial
endowments as determinants of prices, ignoring the importance of envi-
ronmental and social systems in shaping these processes.

A Biophysical Approach to Production

A biophysical approach, like the classical one, sees production as the start-
ing point of economic theory. From a biophysical perspective the basic fac-
tors of production are materials, energy, information flows, and the physi-
cal and biological processes which convert, transmit, or apply them. Solar
energy is identified as the primary net input. Neoclassical factors of pro-
duction are seen as hopelessly aggregative and incomplete.

Complementarity of inputs is also a central component of the biophysi-
cal approach. All inputs in a production process are seen as complements
rather than as substitutable, and machines and other capital equipment
must be designed with this in mind. This notion of complementarity is
extended across sectors; technologies, organizational structures, and
resource and energy needs are seen to co-evolve across sectors and activi-
ties. The neoclassical notion of marginally changing one factor while hold-
ing all else constant is therefore not viewed as an appropriate form of analy-
sis, nor is partial equilibrium analysis.

There are several other differences between the biophysical and neoclas-
sical approaches. One is the recognition in the former of the fundamental
differences between resource extraction and resource processing, as
opposed to the neoclassical view of production as a one step process, from
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primary factors to final products. Another is the claim of the biophysical
approach that movement from a largely renewable resource base to the use
of large stocks of coal and petroleum implies inherent limits to economic
growth—limits that are not recognized by neoclassicists. Biophysicists see a
cycle set up whereby resources are used to produce machines, which are
used to extract materials, which are used to produce more machines, and
so on. Several problems can be expected to arise from this. First of all,
resource inputs may become scarce. Second, natural systems may not be
able to absorb increasing levels of material and toxic wastes. These incon-
sistencies between maximizing the use of high-grade nonrenewable sources
of energy and environmental limits indicate the need for control mecha-
nisms to keep economic systems in balance with environmental systems.

Classical/Post-Keynesian Production Prices

The biophysical approach to production calls for a reformulation of the the-
ory of interactions within the economy. For example, the effects of primary
commodity price shocks on output, productivity, and inflation are not fully
explained by conventional economic theory. This deficiency calls for a
macro model that incorporates sectoral pricing and a focus on the short run
price and quantity dynamics of commodity price shocks.

The early classical economists developed a sectoral model of asymmetric
price behavior in which manufacturing prices were determined by cost of
production, and agricultural and raw material prices were determined by
the forces of supply and demand. More recently, such a dual pricing
model—mark-up pricing for manufactures and market prices for natural
resources—has been taken up by some post-Keynesian economists. The dif-
ferences in the nature of price formation in the two categories and the
underlying physical conditions that cause them are important determinants
of the behavior of broader macroeconomic variables. A materials- and
energy-based, cost-plus pricing model can account for these effects, and is
consistent with a Keynesian process of quantity adjustment at the macro
level.

From the biophysical point of view, neoclassical price theory has signifi-
cant shortcomings. Neoclassical price theory values resources at marginal
costs of extraction (not reproduction) and values environmental effects in
terms of disposal costs. While the existence of user costs and external costs
is recognized, these tend to be undervalued based on current market prices.
Sraffa6 attempted to address these shortcomings by extending the classical
model to incorporate reproduction prices. He did not, however, incorpo-
rate the reproduction of materials and sources of energy from natural sys-
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tems. Such an incorporation into the Sraffian framework would provide a
different policy emphasis, focusing on the long-term maintenance of envi-
ronmental and resource systems rather than on short-term market price
adjustment.
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Summary of

The Teleological View of Wealth: 
A Historical Perspective

by Gerald Alonzo Smith
[Published in Valuing the Earth: Economics, Ecology, Ethics, ed. Herman E. Daly and

Kenneth N. Townsend (Cambridge: Massachusetts and London: The MIT Press,
1993), and in Economics, Ecology, Ethics: Essays Toward a Steady-State Economy, ed.

Herman E. Daly (New York and San Francisco: W.H. Freeman 
and Company, 1980), 215–237.]

“The practice of medicine may require the prescription of an addictive
stimulant for the sake of good health. The amount of the stimulant is finite
and limited by the end. When, however, one takes a stimulant for its own
sake, the desire for it becomes infinite since it is no longer limited by a final
goal but is an end in itself. The same is true of the output of the economic
process which, rather than being used for the sake of achieving the final
goal of life, tends to become the final goal itself. . . . We get hooked on
economic growth.”[215]

Economists have tended to formulate their perceptions of social welfare
based upon the nineteenth century philosophies of individualism and utili-
tarianism. Happiness is equated with the consumption of goods: the more
goods available and consumed in society, the higher the level of social well-
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being. Individuals are considered the best judge of their own happiness, so
the individual’s choice of economic goods as expressed in the marketplace
must be taken as given, and is thus beyond analysis. The key to the great-
est happiness for the greatest number is to simply allow people to follow the
dictates of their acquisitive, self-interested nature. There have been econo-
mists who have questioned this premise. In what follows, the thoughts of
four such economists are examined. Each in his own way rejects the con-
ventional wisdom that economic growth is an end in and of itself. They
have all viewed the growth of production and consumption as a means
rather than an end. They define that end as life in all of its dimensions, espe-
cially the higher, immaterial dimensions.

J. C. L. Simonde de Sismondi (1773–1842)

Sismondi was writing during the period of transition from craft production
to industrialization, and his views were shaped by the excesses of that time.
He was the first economist in modern times to question the notion that
growth in economic productivity was an end in itself, tantamount to an
enhancement of the public good. He began his analysis by rejecting the
notion that the goal of an economy was the maximization of wealth itself.
Sismondi turned to the Greeks, most especially Aristotle, for his inspiration.
“But at least they [the Greeks] never lost sight of the fact that wealth had
no other worth than what it contributed to the national happiness.”1 From
this perspective, he disagreed with the conventional economists’ standard
prescription of expansion of production to ease the massive social misery of
the early industrial period.

Sismondi, who coined the term “proletarian,” developed his analysis by
comparing the disappearing system of craft production, in which a man
worked for himself, to the emerging industrial system, in which he works
for others. In the former system, an individual who reaped the fruits of his
own labor could simply work until the point at which the value of leisure
exceeded the value of producing additional goods. For such a person, “it
would appear as folly to accumulate still more [wealth], since such a laborer
would not be able to increase his consumption in a proportional amount.”2

Moreover, “every craftsman [who] compares the almost imperceptible
pleasure that he would receive from a slightly finer suit of clothes with the
additional work that such a suit of clothes entails, would not wish to pay
this price. Luxury is not possible except when it is paid for by the work of
others.”3 Thus, the decision to continually expand production and accu-
mulate wealth is made by those who profit from production, rather than by
those who must bear the real cost of production.

Sismondi looked around him and witnessed an expansion of production
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and technology that was without precedent, but for what purpose? His his-
torical studies had taught him that there was more to a superior civilization
than increased material production. He recognized that if this increase in
productivity was brought about by an unjust economic system, then it may
well do more harm than good.

John Ruskin (1819–1900)

Ruskin’s investigations into the life of laborers in England quickly led him
to the conclusion that something was very wrong with a system that pro-
duced so much quantity of so little quality, and brutalized so many people
in the process. He denounced the gospel of greed advocated by the con-
ventional political economy of his time. Of all the humanistic critics of his
age, only Ruskin attempted to challenge the economic theorists on their
own ground and attempted to distinguish true political economy from the
“bastard science” which merely attempts to maximize economic productiv-
ity.

Like Sismondi, Ruskin turned to the Greeks for a definition of wealth,
which he finds in Xenophon’s Economist: those economic possessions that
aid man in living are true wealth, while those that contribute to the
destruction of man’s nature are not true wealth—Ruskin labels these
“illth.” For Ruskin, those possessions that aid man in living are only those
that he can use, and in the case of a single being, uses are necessarily lim-
ited. Excess in possession, i.e., the accumulation of goods for which man
has no use, is ill for that man, and is therefore illth. Thus the accumulation
of wealth for its own sake ought not be the final goal for any individual or
society.

John A. Hobson (1858–1940)

Hobson considered himself a disciple of Ruskin and, like Ruskin, subjected
conventional economic theory to the test of humane assessment. More
than Ruskin, Hobson accepted that there was some validity in orthodox
economic theory. He felt, however, that the discipline had to be moderated
by a social ethic and brought under the umbrella of a broader science: the
art or science of human welfare.

Hobson focused first upon the flawed ways in which economists treat
consumption. They see consumption as the formal end of an economic
process, in which goods are passed from the farmer, manufacturer, and
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trader into the hands of the consumer, where they disappear in privacy and
obscurity. The pattern of demand is taken as a given and is thus nobody’s
concern. Hobson, however, questioned the extent to which current tastes
and appetites are reliable indices of human utility, and further doubted
man’s capacity to distinguish between the desired and the desirable. One
need only “cite the ample evidence of the errors and wastes that are repre-
sented in every human standard of consumption.”4 The theory of demand
“does not yet accord the disinterested valuations of consumptive processes
required by a theory in which consumption is the ‘sole end.’ For con-
sumption here only enters the economic field as a factor in markets and the
determination of prices, not as the means of realizing the purpose of which
the whole economic system is directed.”5

Hobson then attempted to determine what it was that was desirable, or,
in other words, what was the ideal “Ultimate End” by which the system
could be judged. He identified this ideal as organic welfare, by which he
means “good life,” including a material component as well as non-material
artistic and spiritual factors. The practice of equating current patterns of
income and consumption with the desirable or organic welfare in society is
not acceptable since the entire system contains large elements of human
waste or error. He decried the absence of any study either of the evolution
of actual standards of consumption or of desirable standards. The status
quo, with its elaborate apparatus of selling and technological innovation,
has a built-in bias toward excess production and consumption. When nar-
row-minded, tunnel-visioned economists blindly accept current consump-
tion as the inevitable and desirable outcome of individual preferences, they
describe only a minute portion of the canvas.

Richard H. Tawney (1880–1962)

Tawney, like the others, took the false equation of wealth and consumption
with happiness as his starting point. He was troubled by the modern belief
that the “principal aim of man, what should be taught to children, . . . what
merits approbation and respect, is the attainment of a moderate—or even
immoderate—standard of comfort.”6 With such a standard, the goal of
society must be to produce and then produce more. Yet the philosophical
road which views economic productivity as its own end, the road that has
given us the greatest increase in productivity since the fall of the Roman
empire, has at the same time produced greater and greater levels of eco-
nomic discontent. The frenetic rush to produce with no guiding principle
other than the accumulation of wealth creates a situation where “part of the
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goods which are annually produced, and which are called wealth, is strictly
speaking, waste.”7 Tawney compared British industrialism with Prussian
militarism, both of which have killed the souls of men by allowing a subor-
dinate social system to dominate their societies. 

Like Ruskin, Tawney saw the correct path as one in which the purpose of
industry “is to supply man with things which are necessary, useful or beau-
tiful, and thus to bring life to body or spirit. In so far as it is governed by
this end, it is among the most important of human activities.”8 He greatly
emphasized the centrality of religion, art, literature, and learning to human
happiness and well-being. These are ends which must not be secondary to
production and the accumulation of wealth, for “if they are sought second
they are never found at all.”9

Conclusion

The four economists reviewed in this study have examined the economic
system in which they lived and the economic thinking regarding that sys-
tem, and found both wanting. It is a system in which doing becomes its
own justification. We no longer ask “doing what?,” or explore “doing what
for what?,” or analyze “doing what for what and with what?”[232] Man
has sought the false remedy of gaining power over things and persons, and
thus economic production and power have become their own ends. In pur-
suing this path, the sickness of society is exacerbated. It is only through
returning to a study of man and the appropriate final goal of human asso-
ciation that this sickness can be healed.
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Summary of

The Convergence of Neo-Ricardian and Embodied
Energy Theories of Value and Price

by D.H. Judson
[Published in Ecological Economics 1 (October 1989): 261–281. Reprinted 

with kind permission from Elsevier Science B.V., Amsterdam, The Netherlands.]

Ecological economics theories have much in common with classical the-
ories. This can be demonstrated by examining both the roots of energy the-
orists, which can be found in classical economic thought, and the parallels
between energy theorists and the neo-Ricardians. Some attempts to inte-
grate the equations of neo-Ricardian and energy theories can therefore be
made.

Foundations of a Theory of Value

There are three important dimensions to consider when answering the
question “what gives a commodity worth or value?”:
(1) The analysis may be at the micro or the macro level. At the root of this

dimension is whether the individual or society is made the starting
point of economic analysis. Neoclassical economists (the marginal util-
ity perspective) argue that it must be the individual; value is based on
individuals exchanging so as to maximize utility. On the other hand,
classical economists (with an embodied labor basis for value) argue
that society must be the starting point. They see society as reproduc-
ing itself over time through the productive activities of its members.

(2) The analysis of value may be subjective (a human projection onto com-
modities), or objective (value is inherent in a commodity).

(3) The analysis may be static or dynamic. Neo-Ricardian economists
argue that marginal utility analysis is essentially static, equating the
economic process with a mechanical analog. Such an analysis suggests
that the economic process cannot affect the environment of matter
and energy in any way. Energy-based analysis argues that the material
universe and hence the economic system is subject to irreversible qual-
itative change, i.e., to a dynamic evolutionary process. This perspective
bases itself on the law of entropy.

The Sraffian Challenge to Marx (A Neo-Ricardian Perspective)

In his book Production of Commodities by Means of Commodities (1960),
Pierro Sraffa argued that:
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(1) The exchange value of any particular commodity in relationship to
every other commodity is entirely determined by the sociotechnical
conditions of production. This was a critique of the neoclassical theory
of value which argued that the forces of demand and supply were cru-
cial in determining the value of a commodity. The major implication
of this critique is that the value of a commodity is a function of the
costs of production of its various commodity inputs, and not of the
exchangers’ personal preferences.

(2) Given certain technical assumptions, the value of all commodities can
be expressed in relation to a standard commodity whose price is equal
to unity. This was the neo-Ricardian argument against Marxian theo-
ries of value which argued that only labor could create value. Neo-
Ricardians do not dispute that labor values can be calculated, but
rather object to the Marxian view that labor should be the only input
considered.

Energy Theorizing about Value and Price

Early energy theorists concluded that “value in general rests on the trans-
formation of energy.”1 In comparison, modern ecologists have taken sev-
eral different approaches to measuring value:
(1) Value can be measured as the energy content of a commodity ex-

pressed as the amount of energy that can be released from it in com-
bustion or behavior. This view has been criticized since it only recog-
nizes the energy constraints in the system. More specifically, it does not
consider the heterogeneous forms of matter (as opposed to energy,
which is homogenous), each of which has characteristic properties.

(2) Value can be measured as the energy cost of production of a com-
modity, i.e., the energy used up in its manufacture. This view has been
seen as a useful foundational principle for an ecological critique of eco-
nomic theory.

(3) Energy content or input can be considered to be one of several impor-
tant factors that determine the value of a commodity. This is seen as
the most fruitful integration of ecological and orthodox economics.

Convergence between the Neo-Ricardian and Embodied
Energy Approaches to Economic Valuation

The common threads between neo-Ricardian and energy theorists include:
(1) the use of input–output analysis as a tool;
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(2) the reliance on cost of production theories to explain exchange value
(neo-Ricardians believe that exchange value can be expressed in terms
of any “standard commodity,” while energy theorists use energy cost
of production as a measure);

(3) the view that economic evolution is an irreversible process; and

(4) the belief that demand schedules are unimportant as a determinant of
value.

Critiques of the Embodied Energy Approach to Value

Embodied energy approaches have been criticized for failing to consider
the role of matter in creating value. The crux of this argument is that in the
production of commodities some materials are fundamentally nonsubsti-
tutable.

Another problem with embodied energy approaches to value is their fail-
ure to account for the importance of exchange processes in the realization
of value. Sraffa (and thereby neo-Ricardian analysis) ignored the problem
of exchange processes and their role in the determination of value by
assuming that markets cleared and by arguing that all outputs are reintro-
duced into the economy as factor inputs. For goods which did not fit the
above assumptions (called “nonbasic” or “luxury” goods), Sraffa argued
that their value and distribution was determined by some other process.
Energy theorists have not dealt with the problem of whether the value of
nonessential luxury commodities can be determined by their energy cost of
production.

Finally, energy theorists have not yet addressed the relationship between
the long-run energy value of a commodity and its short-run price.

The Fundamental Theoretical Problem

While economists from the time of the Physiocrats have recognized the
interconnected nature of economic processes, in which one set of outputs
become inputs in another process, a fundamental question that arises is
whether or not there is a point at which the circle should be broken to
establish a first cause of economic value? This question has implications for
whether exchange values can be expressed in terms of any standard com-
modity or a specific input. 

The Physiocrats broke the chain, attributing all value to agriculture. The
classicists—for example, Smith, Ricardo, and Marx—argued that labor is
the source of all value. The neo-Ricardians claimed that no commodity can
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be singled out. Now energy theorists are arguing that energy is the com-
mon factor in all the inputs of production. 

Integrating Neo-Ricardian and Embodied Energy Theories of
Value—Theoretical Developments and Recommendations for
Empirical Testing

There are several points of convergence between neo-Ricardians and
embodied energy theorists. For example, both groups argue that value is
inherent in objects. These similarities can be shown through the use of a
simple mathematical model. Thus, neo-Ricardian theory might be
advanced by integration into the embodied energy framework, where prices
can be described in terms of energy costs of production and wages can be
described by the energy input. However, energy theorists must still deal
with the issue of how prices are derived from values expressed in energy
terms. Other theoretical issues to be addressed include basic versus nonba-
sic commodities; the relationship between money, energy, and prices; a the-
ory of capital; the role of technological change; and the heterogeneous
quality of energy from different sources. Suggestions for empirical work
include attempting to compare energy intensities and dollar values of com-
modities, cross-national testing of energy theory hypotheses, and studies
relating energy and international trade.

Note
1. W. Ostwald, The Modern Theory of Energetics (Monist, 1907), 513; cited by

Judson, 266.

Summary of

Energy and Energetics in Economic 
Theory: A Review Essay1

by Philip Mirowski
[Published in Journal of Economic Issues XXII (September 1988): 811–830.

Summarized by special permission of the copyright holder, 
the Association For Evolutionary Economics.]

A striking and little-noticed aspect of anti-neoclassical thought in the
twentieth century is the number of natural scientists who have thought that
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they were the first to believe that the only “true” economic value is energy.
Two groups can be distinguished among the group of scientists under con-
sideration: the neo-energeticists, who believe that energy is identical to eco-
nomic value, and the neo-simulators, who regard physics only as a metaphor
and as a source of ready-made mathematical models. This article reviews
some of the unorthodox economics views of the neo-energeticists, who can
be further sub-divided into three categories: (1) those who never ventured
beyond a crude theory of energy and value; (2) those who attempt to quan-
tify energy and implement their theory of energy as a value substance; and
(3) Nicholas Georgescu-Roegen. 

The conviction that there exists a literal identity between the physical
concept of energy and the economic concept of value has always had cur-
rency in the scientific community. For over a century it has drawn the atten-
tion of distinguished scientists and moved from one academic discipline to
another. By 1880 the physicist Georg Helm and the physical chemist and
Nobel Laureate Wilhelm Ostwald claimed that all of the sciences, including
the social sciences, could be united under a small set of principles and con-
cepts. It was believed that energy would form the basis of a unified theory.
Others who attempted to advocate the integration of energy theories into
the social sciences included the Marxist Sergei Podolinsky, the biologist
Patrick Geddes, and the physical chemist Ernest Solvay. Solvay funded the
Institut des Sciences Sociales to forge a link between the physical and social
sciences. 

In the 1920s, the research of population biologist Alfred Lotka
attempted to lay bare the “biophysical foundations of economics,” with
energy being the fundamental underlying principle. Frederick Soddy, a
physical chemist and Nobel Laureate, was the most consistent advocate of
an energy theory of value. Soddy wanted “to obtain a physical conception
of wealth that would obey the physical laws of conservation.”2 He had a
crude energy theory of value and showed the existence of monetary diver-
gences from those value principles.

The American engineering profession also contributed toward an energy
theory of value. Frederick Taylor, the father of “scientific management,” set
out to discover the relationship between fatigue and the number of foot
pounds of exertion in order to identify the parameters of a “full day’s work”
in energy terms. In the 1930s, Howard Scott told The New York Times that
a group of engineers were working for more than a decade on a survey of
the industrial system of the United States in terms of energy consumption
rather than in dollars, because dollars were a “rubber yardstick.” More
recently, an energy theory of value has been adopted by some anthropolo-
gists, ecologists, and sociobiologists. Among anthropologists, Leslie White
proposed that all culture should be conceptualized as manifestations of “the
amount of energy per capita per year harnessed and put to work.”3 Ecolo-
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gists who have popularized an energy theory of value include Frederick
Cottrell and Howard and Elizabeth Odum.

There has therefore been a nearly continuous espousal of the energy the-
ory of value since the 1880s by groups that did not accept the hegemony
of neoclassical economic theory. Two conditions that have contributed to
the persistence of this theory are the fact that no single group ever devel-
oped the theory with any seriousness, and its movement from one fledgling
discipline to the next. Recently a new breed of energeticists have started
grappling with some of the analytical objections to earlier energy theories
of value. The OPEC oil crisis of 1973 provided a boost to this new group.
Energy is now treated as an embodied value similar to the classical labor
theory of value, and input–output analysis is employed to facilitate calcula-
tions of energy values. There have also been further attempts to synthesize
biology, physics, and economics into a single science. 

Neoclassical economics first ignored these theories but then took notice
of the new breed of neo-energeticists by developing a field of economics
called “energy economics.” They attempt to elevate energy to the status of
land and capital in the production function, and to arrive at a price of
energy. Neoclassicists such as Ernest Berndt argue that energy is neither a
homogeneous nor a distinct commodity.4 He takes the neo-energeticists to
task for ignoring the Second Law of Thermodynamics: the entropy law.
However, the neoclassical solution of putting energy into the production
function makes a mockery of physics. Moreover, the neoclassical approach
shares many of the weaknesses of neo-energetics, and thus cannot provide
a compelling critique of it.

Nicholas Georgescu-Roegen, who ironically is perceived as a neo-ener-
geticist, is the only economist who has provided such a critique. A neoclas-
sical economist in his earlier days, Georgescu-Roegen later turned to a cri-
tique of neoclassical mathematical formulations. His book, The Entropy
Law and the Economic Process (1971), criticized neoclassical production
functions for neglecting the dictates of the laws of thermodynamics. How-
ever, while he did disassociate himself from an embodied energy theory of
value, a number of his passages sounded like endorsements of this theory.
As a result, a number of neo-energeticists have quoted him in support of
their theory of value. Georgescu-Roegen responded with explicit critiques
of the embodied energy theory of value, making four main points:
(1) it is wrong to equate matter and energy, and to believe that energy can

be transformed into matter;
(2) the neo-energeticists do not offer a rigorous definition of “net

energy”;
(3) they ignore the implications of the Second Law of Thermodynamics

by overlooking quality differences in energy; and
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(4) while in theory the neo-energeticists reduce all of their phenomena to
energetic essences, in empirical work they derive their embodied
energy coefficients from monetary or pecuniary values.

These criticisms can be modified and laid at the doorstep of neoclassical
economics, something Georgescu-Roegen has not done in a thorough
manner. His promises of the outlines of a new bioeconomics that will lay
out the “proper laws” of the economic sphere have not materialized.

Notes
1. An author’s note indicates that this article was prompted by two books: J.C.

Dragan and M. Demetrescu, Entropy and Bioeconomics (Nagard SrI Editrice,
1986), and W. van Gool and J. Bruggink, eds., Energy and Time in the Economic
and Physical Sciences (North Holland/Elsevier, 1985).

2. Frederick Soddy, Wealth, Virtual Wealth and Debt (Hawthorne: Omni, 1961),
21; cited by Mirowski, 814.

3. Leslie White, “Energy and the Evolution of Culture,” American Anthropolo-
gist 45 (1943); cited by Mirowski, 816.

4. Ernst Berndt, “Aggregate Energy, Efficiency, and Productivity Measure-
ment,” in Annual Review of Energy 9: 409–26 (1978).

Summary of

Introduction to Ecological Economics: 
Energy, Environment and Society
by Juan Martinez-Alier with Klaus Schlüpmann
[Published by Blackwell Books, Oxford, England 

and Cambridge, Massachussetts, 1987, 1990, 1–19.]

The focus of this volume is the study of energy flow, a unifying principle
in ecological analysis, and its application to the economic system. Although
the “energetic dogma,” which seeks to trace all value to embodied energy,
is rejected (following Georgescu-Roegen), the relation between energy
flow and economic activity can still provide a fruitful field of study, draw-
ing on an extensive literature dealing with the interaction between human
ecological energetics and economics.

This book covers the period between Jevons’ The Coal Question1 and the
1940s. The object of the volume is to make a contribution to the ecologi-
cal critique of economic theory “by resurrecting the arguments of half-for-
gotten authors.”[2] The existence of an historical school of ecological eco-
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nomics is often not acknowledged, even by its current advocates; this book
may serve to rectify this omission.

Agricultural Energetics

Until recently, most applied work on the economics of energy has been
done by noneconomists. The results of energy analysis often seem to con-
tradict standard economic theory, for example, in the finding that modern
agriculture is less efficient than traditional agriculture (i.e., has lower energy
return per unit of energy input). The apparent increase in agricultural pro-
ductivity is actually a result of the low price of oil used for energy-intensive
agriculture. If oil has been undervalued, however, then this productivity
increase is fictitious. In addition, standard economic theory heavily dis-
counts the value of resource conservation, using an interest rate based on
the assumption of future growth, as Frederick Soddy has emphasized. The
critiques of this orthodox theory of exhaustible resources are among the
topics addressed in this volume.

The concept of energy return to energy input was first developed by
Sergei Podolinsky,2 who combined an ecological approach with Marxist
value theory. His views, however, have not been considered in later Marx-
ist theory. Eduard Sacher3 and Josef Popper-Lynkeus4 also studied agricul-
tural energetics and the relation of energy use to economic development,
prefiguring modern discussions of a shift to renewable resource use.
Around 1840, Liebig, a founder of the discipline of agricultural chemistry,
predicted the dependence of European agriculture on nonrenewable
imported energy sources (guano imports from Peru at that time, and inor-
ganic chemical fertilizers later).5

The “Entropy Law” and the Economic Process

Jevons, one of the originators of marginalist economic theory, also brought
his knowledge of natural science to bear on the issue of coal use and re-
serves, though he did not consider intertemporal resource allocation analy-
sis. Walras, whose work is central to modern neoclassical theory, corre-
sponded with Patrick Geddes, who challenged the lack of a physical/energy
basis for Walras’ theories. Rudolf Clausius6 criticized humanity’s profligate
use of irreplaceable fossil fuel. Many other natural scientists, mathemati-
cians, and engineers were concerned with the efficient use of energy in
industry, while physiologists considered energy efficiency in plants, animals,
and humans. A physicist, Leopold Pfaundler,7 analyzed the earth’s carrying
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capacity based on solar energy and photosynthesis. However, the relation
of the entropy law to the economic process did not become a well-estab-
lished field of study.

Social Darwinism and Ecology

Species may adapt to the limited availability of energy in two ways: either
by becoming very efficient in their use of available energy, or by devising
means to capture more extensive sources of energy. Clearly, the human
species has excelled in the second approach. However, extending the eco-
logical principle of interspecific competition for solar energy flux to
intraspecific competition among individuals or classes is not a sound
approach. Alfred Lotka8 and others seem to have leaned in the direction of
an energy-based social Darwinism; this line of thought is criticized in this
volume.

Ecological and Chrematistic Economics

Soddy, the 1921 Nobel Laureate in chemistry, is a prominent figure in the
history of ecological economics. From 1903 onward, he urged economists
to devote greater effort to the study of energy use. He argued that econo-
mists typically mistook real capital for financial capital, and chrematistics
(maximization of short-term exchange value) for economics.9 In Soddy’s
view, the payment of interest and the maintenance of economic growth
depended on the availability of energy and natural resources to fuel real
economic activity. Ostwald, a chemist, developed the field of social ener-
getics, arguing that the development of culture depended on an improve-
ment in the efficiency of energy transformation. Max Weber criticized this
view, pointing out that in energy terms, hand-weaving of cloth was cheaper
than machine-weaving. (The similar issue of energy use in traditional and
modern agriculture has already been observed.) However, the cost of
machine-weaving depends on the intergenerational valuation of fossil fuels
and their externalities. Such a conflict of views pointed the way toward an
integration of the social and natural sciences.

“Social Engineering” and the “History of the Future”

Energy and material resources have generally been absent from the disci-
pline of economic history, and the study of ecological history has developed
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only recently. Faced with the ecological critique, economists have fallen
back on a deeply rooted belief in economic growth. However, it is crucial
to consider physical limits on potential growth paths. Economics should
not merely be human ecology, but economics alone cannot explain either
the history or the possible futures of economic systems. In addition, the
individualistic economic methodology favored by some—for example,
Hayek—fails to consider the fact that individuals not yet born cannot
express their preferences in today’s markets.

A fruitful dialogue between socialism and ecological economics should
be possible, drawing out the differences of opinion among socialist thinkers
on the question of the “boundless” possibilities of technological advance
once capitalist relations of production are overcome. Some socialists have
rejected this technological optimism in favor of a greater emphasis on
equality and “ecological utopianism.” This ideology might be more appro-
priate for the poor people of the world than either traditional Marxism or
the “growth with inequality” offered by market economists.

In summary, the elements of ecological economics have existed for some
time, and the field could have been developed long ago. That this did not
happen was due in part to disciplinary divisions.
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Summary of

The History of the Future
by Juan Martinez-Alier with Klaus Schlüpmann

[Published as Chapter 14 in Juan Martinez-Alier with Klaus Schlüpmann, Ecological
Economics: Energy, Environment and Society (Oxford, England and Cambridge,

Massachusetts: Blackwell Books, 1987, 1990), 206–231.]

Unified Science and Universal History

Economics should include physical aspects of human ecology, as well as the
study of cultural, social, and ethical influences on production and con-
sumption. Ecological political economy must be integrative, bridging some
of the gaps between the natural and the human sciences; economic propo-
sitions should not be made without consideration of the physical, socio-
logical, and psychological factors affecting economic activity. For example,
analysis of the market for automobiles must encompass consideration of
many issues, including the efficiency of the internal combustion engine,
petroleum geology, the social forces leading to urbanization, moral issues
such as global inequity and the increase in mortality associated with auto
accidents, environmental impacts, the contribution to global warming, and
so forth. Several of these issues involve intertemporal and intergenerational
issues that are especially hard to fit into a reductionist, chrematistic frame-
work. Otto Neurath realized already in the 1920s (in the context of the
debate on the rationality of a socialist economy) that elements of the econ-
omy were incommensurable. Neurath’s proposal for a “unified science” that
would attempt to clarify relationships such as these, based on contributions
from the individual sciences involved, might also be viewed as a form of
“universal history.”

One example from agrarian history of using such a unified science
approach would be to go beyond economists’ assertion of rising productiv-
ity in agriculture to investigate the declining energy efficiency and loss of
biodiversity of modern agriculture. This analysis would take into account
solar radiation and photosynthesis, the cultural and biological history of
food, and the ideology of ever-increasing yields through use of chemical fer-
tilizers. An identification of those propositions of economic science that are
contradictory or doubtful from an ecological standpoint would emerge from
this kind of analysis (a task undertaken by Nicholas Georgescu-Roegen,
among others).
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The concept of a universal science echoes the work of utopian socialists
such as Saint-Simon, and therefore came under attack from Lenin and
other orthodox Marxists, as well as from conservative theoreticians such as
Hayek and Karl Popper. However, much can be learned from various
“utopian” writings. They explore the connection between technological
imperatives and social organization, suggesting new and desirable social
relations based on moral values of equality and freedom and on feasible
productive bases.

Marxism and Ecology

Marxists have no commitment to market-determined prices or interest
rates, and Marx wrote of capitalism misusing natural resources. However,
Marxists also tend to view ecological protest against capitalism, like the
moral and aesthetic protests of Ruskin, Morris, and other utopian socialists,
as being of little analytical value. There is no analysis of exhaustible
resources and intergenerational allocation in either the Marxist or the Sraf-
fian schemes. Marx did favor Liebig’s argument for small-scale, nutrient-
recycling agriculture, although he rejected the Malthusian analysis of food
supply. Moreover, he did not consider energy flow, and his limited ecolog-
ical observations have not been integrated into the Marxist view of history.

Engels did consider energy flow and the entropy law, as well as the
“squandering” of energy resources, but he considered a specific energy
analysis to be of little value. Marx showed his awareness of the importance
of physical factors underlying the economic process in his critique of
Ricardo, arguing that Ricardo’s theory of agricultural rents ignored the fur-
ther development of agricultural fertilizers. Marx and Engels did not, how-
ever, pursue Podolinsky’s effort to develop an ecological Marxism, and
their followers have moved further away from this approach. Lenin rejected
Ernst Mach’s “empirio-criticism,” despite its potential for integrating the
history of science with Marxism, and in so doing created (for Marxists) a
cloud of suspicion around social energetics. Bogdanov and Bukharin both
considered energy analyses of production; Bukharin foresaw a communist
utopia based on abundant energy. However, ecological Marxism never took
hold, a fact that had significant adverse effects on the theory and practice
of economic planning in the Soviet Union.

Ecological Anthropology

The historical (rather than functional) school of ecological anthropology
has much in common with ecological Marxist approaches. Leslie White, a
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founder of modern ecological anthropology, analyzed human history in
terms of the interplay between technological development, the social sys-
tem, and the cultural-symbolic level. Cold War restrictions, however, pre-
vented the development of an American school of thought dealing with the
relations between Marxism and ecology. Nonetheless, Podolinsky’s ecolog-
ical Marxism still provides much of the inspiration for this volume.

Summary of

Biophysical and Marxist Economics:
Learning from Each Other

by Robert Kaufman
[Published in Ecological Modelling 38 (September 1987): 91–105. Reprinted 

with kind permission from Elsevier Science B.V., Amsterdam, The Netherlands.]

The attempt by the Ukrainian socialist Sergei Podolinsky to use the laws
of thermodynamics to analyze agricultural and industrial energy flows was
rejected by Marx and Engels, leading later Marxists to disregard biophysi-
cal analyses of production. This paper suggests that both ecological econo-
mists and Marxists can benefit from a reconciliation of physical analyses of
production with theories of valuation and distribution.

The Marxist labor theory of value accords no inherent value to natural
resources. Biophysical or ecological economists, on the other hand, see the
capture of low entropy as the fundamental requirement for production,
although they do not emphasize theories of value. Many Marxists share
with neoclassical economists a vision of unlimited resource abundance
without physical constraints on production. Nevertheless, the fundamental
requirement for growth in production is net or surplus energy, rather than
labor. This is consistent with Marx’s analysis of the crucial role of the steam
engine and the use of coal in the development of modern capitalism.

Natural Resources and Surplus Value

The Marxist focus on extraction of surplus value from labor needs to be
complemented by an understanding of the essential role of the environ-
ment in economic production. Both the concentrated nature of natural
resources and the capture of low entropy by biological systems are essential
for mobilizing surplus. Much more energy must be expended to recover
low-grade resources compared to high-grade ones. The environment there-
fore affects the organization of production. At the same time, the organi-
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zation of production affects the environment. Capital accumulation makes
much more rapid exploitation of natural resources possible. This modifica-
tion of the Marxist dialectic also creates a contradiction overlooked by
Marxists, because by depleting high-quality resources, advanced industrial
production undercuts its own productivity. Energy supply conditions also
affect class relations. An abundant energy supply in the United States prior
to the early 1970s allowed both rising real wages and increasing surplus.
Stagnant energy input from the early 1970s to the mid-1980s was associ-
ated with declining real wages and increasing class conflict.

Managing Socialist Economies

Marxists have asserted that socialist economies should not degrade their
resource base because they are free of the contradictions of capitalism. This
is false, as empirical evidence from communist economies amply demon-
strates. Both capitalist and socialist economies are constrained by the same
physical laws.

Dialectic of Resource Quality

Biophysical economists might benefit from a less reductionist, more dialec-
tical approach to the relationship between technology and resources. New
technologies make more effective resource recovery possible, but they
simultaneously speed up resource depletion. This depletion in turn drives
the development of technology.

Social Forces and Biophysical Economics

A consideration of social forces—central components of Marxist theory—
needs to be added to the biophysical analysis of energy flows, as these flows
are mediated by social relations. Similarly, economic relations cannot be
reduced to physical interactions. For example, the technical availability of
more concentrated sources of energy in the twentieth century (e.g., petro-
leum and nuclear energy) has had a mediating effect on class conflict; the
shift to these new energy sources was readily implemented for this reason.
This technical strategy has become less effective during the last two
decades, as energy returns to investment have declined for petroleum, and
nuclear power has proved to have a lower energy return on investment than
hydropower. The result has been a reduction in the amount of energy con-
sumed by wage earners, which is consistent with Marxist analysis.
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Summary of

Biophysical Economics: Historical Perspective and 
Current Research Trends

by Cutler J. Cleveland
[Published in Ecological Modelling 38 (September 1987): 47–73. Reprinted 

with kind permission from Elsevier Science B.V., Amsterdam, The Netherlands.]

In the midst of current debates regarding environmental policy, standard
economic models have often been criticized for their unsophisticated and
unrealistic treatment of the crucial role of natural resources in human eco-
nomic affairs. Many of these critiques spring from a broad body of research
known as biophysical economics. Biophysical economics uses thermody-
namic and ecological principles that emphasize the role of natural resources
in the economic process. Although the emergence of a palpable environ-
mental and ecological consciousness is a relatively recent phenomenon, the
origins of biophysical economics are, in fact, far older. Dating back as far as
the Physiocratic economists of the eighteenth century and the formulation
of the laws of thermodynamics in the early nineteenth century, it is an area
of research that has continued to evolve up to the present.

Two themes characteristic of biophysical economics will be used to trace
its development. The first theme is the emphasis on the physical laws gov-
erning the energy and matter transformations that form the basis of the
production process. Ignoring these constraints has resulted in an inade-
quate accounting of the qualitative changes in natural resource inputs and
the vast quantity of wastes that the natural life support system has had to
absorb. The second theme is the physical interdependence between the fac-
tors of production. The supply of capital and labor depends upon inputs of
low-entropy matter and energy, since neither labor nor capital can physi-
cally create natural resources. This approach challenges the “omnipotent
technology” hypothesis central to neoclassical analysis, which claims that
factor substitution will be an adequate response to resource depletion.

Physiocracy, a French school of thought developed in the 1750s, had as
its first premise the principle that natural resources, and especially arable
land, were the source of material wealth. The Physiocrats maintained that
economic processes could be understood by focusing on a single physical
factor: the productivity of agriculture. If human society accurately deduced
the proper economic behavior implied by “natural law,” social welfare
would then be maximized. Although few of the Physiocrats’ biophysical
principles are evident in subsequent theory, their steadfast belief that nature
was the ultimate source of wealth has become a recurring theme through-
out biophysical economics.

The physical and ecological basis of economic production intuitively
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grasped by the Physiocrats was formalized by the discovery of the laws of
thermodynamics. Thermodynamics and the study of energy flows became
a universal index by which many disparate biological and physical processes
could be quantified and compared. Carnot showed that thermodynamic
laws are essentially economic formulations of physical relations, as they con-
cern the ability of the economy to use energy to upgrade the organizational
state of natural resources into useful goods and services. Some nineteenth
century scientists, including the physicist Joseph Henry and the biologist-
philosopher Herbert Spencer, emphasized the energy flow basis of social
and economic action. The German chemist Ostwald attempted to incorpo-
rate thermodynamics into a general theory of economic development,
while the Ukrainian socialist Podolinsky tried to reconcile the labor theory
of value with a thermodynamic analysis of the economic process. Podolin-
sky’s biophysical analysis led him to conclude that the ultimate limits to
growth lay not in the relations of production but in physical and ecological
laws.

The early twentieth century was characterized by a growing body of lit-
erature devoted to the analysis of the role of natural resources in human
affairs, particularly in economic production. Among the most notable con-
tributions were those of Frederick Soddy, a Nobel Laureate in chemistry,
who applied the laws of thermodynamics to economic systems and devoted
a significant part of his life to a critique of standard economic theory. Like
the Physiocrats, Soddy maintained that a comprehensive theory of wealth
must have biophysical laws as its first principles since “life derives the whole
of its physical energy or power . . . solely from the inanimate world.”1 He
particularly emphasized the centrality of solar energy in empowering the life
process.

The use of energy as a unifying concept for social, political, and economic
analysis reached a zenith with the technocratic movement in the United
States and Canada during the 1930s. Members of this movement believed
that energy was the critical factor determining economic and social devel-
opment, and they advocated the idea of measuring vital economic parame-
ters in energy units instead of dollars. They believed that politicians and
businessmen could not manage a rapidly advancing industrial society and
should therefore be replaced by scientists and engineers who possessed the
requisite expertise to manage the economy toward a highly idealized
future.

The 1950s was an exceptional period for research on the role of energy
and natural resources in social and economic development. The most com-
prehensive study was made by a sociologist, W. F. Cottrell, whose work
focused on what he termed “surplus energy,” i.e., the difference between
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the energy utilized in energy delivery and the amount of energy recovered.
He also stressed the role of energy in enhancing labor productivity. Cottrell
examined the differences between biophysical and humanist approaches to
biological and cultural evolution, and he argued that resource availability
and energy use set the general direction for social change.

Like Cottrell and others, M. K. Hubbert, a geophysicist writing at about
the same time, was impressed by the correlation between the burst of
human civilization and the transition to a fossil fuel economy. He used his
vast knowledge of physics, mathematics, and geology to revolutionize the
way in which the supply of nonrenewable resources was analyzed, and was
the first to predict that the fossil fuel era would be relatively short-lived.
Hubbert’s petroleum supply models have proven to be remarkably accu-
rate; it is ironic that the only model to correctly predict the peaking of
domestic oil production in the United States was from a physicist.

The amount of research devoted to energy–environment–economic in-
teractions increased substantially in the wake of the environmental move-
ment and the petroleum crisis of the 1970s. H. T. Odum developed a sys-
tematic methodology using energy flows to analyze the combined system
of humans and nature. One of Odum’s most important contributions was
an analysis of the countercurrent flows of energy and money in the econ-
omy. He pointed out that whenever a dollar flow exists, there must be an
energy flow in the opposite direction. Moreover, while money circulates in
a closed loop, low-entropy energy enters the system and is consumed in
economic tasks. Other essential energy flows (e.g., solar, water, wind, etc.),
have no associated dollar flow, leading to their misuse. Empirical support
for some of Odum’s ideas was provided by Costanza, who analyzed the
relationship between the “embodied energy” (direct and indirect energy)
used to produce a good or service in the U.S. economy and the dollar value
attached to that good or service in market transactions. Geologist Earl
Cooke provided a comprehensive overview of energy systems and industrial
society in his 1976 book, Man, Energy, Society.

The Energy Research Group (Hannon, Herendeen, Bullard, et al.) at the
University of Illinois greatly enhanced the empirical methodology of bio-
physical economics with an input–output model of the U.S. economy based
on energy flows, from which the direct and indirect energy cost of any good
or service could be calculated. Hannon used this information to argue for
a strong energy conservation ethic. Like Soddy and the technocrats, he
believed that the existing economic system was an inadequate allocator of
energy and other natural resources. Robert Ayres developed a
materials–energy balance model to describe the inconsistency of the closed,
cyclic model of standard economics. He showed that economic production
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necessarily generates high-entropy wastes—i.e., negative externalities—
which are treated in standard economic theory as isolated market failures,
but which are in fact an inevitable and pervasive outcome of economic pro-
duction.

Some of the most insightful developments in biophysical economics dur-
ing the 1970s are from Nicholas Georgescu-Roegen and Herman Daly.
Georgescu-Roegen depicted a unidirectional flow in the economy, from
inputs of low-entropy energy and matter, to outputs that included both
useful goods and services and valueless high-entropy waste heat and
degraded matter. By focusing on the circular flow, standard economic the-
ory loses sight of the sensitivity of economies to changes in the quality of
nature’s low-entropy stocks of resources and the degrading of basic natural
life support processes.

In his 1977 book, Steady State Economics, Daly points out the logical
inconsistency of the emphasis placed upon growth in the context of the
energy and environmental realities that we confront. Like Ayres, Daly crit-
icizes the failure of standard economics to take account of the throughput
of low-entropy natural resources, from which all goods and services are ulti-
mately derived. Our preoccupation with monetary flows at the expense of
thermodynamic principles misleads us into believing that perpetual eco-
nomic growth is not only possible but morally desirable as well.

The majority of economists reject biophysical economic models, arguing
that they underestimate the ability of technological innovation to offset
changes in resource quality [e.g., Barnett and Morse,2 and Solow3]. While
the biophysical perspective does acknowledge the importance of human
ideas, it also stresses that they must be firmly rooted in the biophysical
world; to date, most of our technological innovations have relied upon
increased fossil fuel use per worker. Economics can no longer afford to
ignore, downplay, or misrepresent the role of natural resources in the eco-
nomic process.

Notes
1. Frederick Soddy, Cartesian Economics (London: Hendersons, 1922), 9; cited

by Cleveland, 52.
2. H.J. Barnett and C. Morse, Scarcity and Growth (John Hopkins University

Press, 1963).
3. R.M. Solow, “Intergenerational Equity and Exhaustible Resources,” Review

of Economic Studies, 1974, pp. 29–45.
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Summary of

World Environmental History 
and Economic Development

by J. F. Richards
[Published in Sustainable Development of the Biosphere, eds. W.C. Clark and R.E.
Munn (New York and Cambridge, England: Cambridge University Press, 1986),

53–74. Reprinted with the permission of Cambridge University Press. 
© International Institute for Applied Systems Analysis, 1986.]

Over the past 300 years the earth’s biota has undergone massive changes,
natural environments have been removed or fundamentally altered, and the
world’s land and sea animal populations have been sharply reduced in num-
ber and range. At the same time, human control over the natural environ-
ment has risen to the point that it is virtually an anthropogenic system.
Most historians dealing with the vastly complex social, economic, and polit-
ical transition to modernity have neglected the human species’ changing
relationship to the environment, treating this relationship as a constant that
can be safely ignored rather than as a significant variable. The great task for
environmental historians is to record and to analyze the effects of human-
ity’s recent encroachment upon and control of the natural world over the
course of the last three to five centuries. Environmental history must pro-
ceed from a global perspective because of the integrated global nature of
the world’s economic and ecological systems.

Improving our understanding of environmental change in the early-
modern and modern worlds has a singular urgency. The cumulative effects
of human activity upon water, soils, and vegetation throughout the world
have drastically accelerated, setting in motion physical processes of change
that may be irreversible. In addition, it is important to consider the extent
to which the development of the modern economy has relied upon the
consumption of nonrenewable natural resources. Analysis of the implica-
tions of this exploitation of resources may suggest issues and questions for
future human development.

Expansion of World Arable Land

In every region of the world, the expansion of arable land has proceeded at
a startling pace. The conversion of “wild” lands to regular cropping has
been as vigorous in the lands of the old world as in the new. It was not until
the 1920s that research and investments in agricultural productivity shifted
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from extending cropped areas to intensifying production on existing arable
land through improved biological inputs (e.g., fertilizers, high yielding
varieties, etc.). The Food and Agriculture Organization of the United
Nations estimates that globally there were around 1.5 billion hectares (ha)
of land under cultivation in 1980, and much of that land was brought
under cultivation relatively recently. Indeed, it has been estimated that 852
million ha—over half of the present total—were brought under cultivation
between 1860 and the present. This phenomenon cannot be adequately
explained by citing population pressures alone. Instead, it is the transition
from peasant agriculture to mass commodity production for the expanding
world market that is the primary cause.

One of the immediate consequences of this expansion of cropped land is
the profound impact it has had upon soils. Estimates show that water-
induced soil erosion has increased to 91 billion tons of soil each year, a rate
twice that of 1860, and a five-fold increase compared to the pre-agricultural
past. Moreover, it is the pressing need for agricultural land, as well as land
to meet other demands of modernity (e.g., urbanization, transportation
systems) that has fostered the encroachment of civilization upon forest,
wetlands, and drylands.

Deforestation

Depending on scale and definition, there could be more than 100 major
forests worldwide that no longer truly exist in recognizable form. Getting
an historical measure of this deforestation can be an immensely difficult
task, as neglect of the natural environment by traditional historians leaves
us with no reliable inventory of the missing forests. We do know that the
patterns of deforestation have directly followed patterns of economic devel-
opment, and there are some areas for which we can produce a picture of
the process, including:
(1) European USSR: 67 million ha of forest was lost between 1700 and

1917, with deforestation continuing apace after the revolution.
(2) Coastal Brazil: In 1500, it was estimated that 500,000 square kilome-

ters of thick forest blanketed the coast, but by 1900 most of this for-
est had disappeared.

(3) Burma: It is estimated that there were 4 million ha of forest in lower
Burma in 1850, but by 1914 only several hundred thousand hectares
remained.

Completion of a global inventory of this type would be an invaluable first
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step in better defining the recent forest history of the world, and more pre-
cise, better-documented data on the extent and rate of forest depletion
would do much to correct our perspectives on the global process.

Land Reclamation: The Drainage of Wetlands

In the last decades of the nineteenth century the pace and scale of land
reclamation through drainage of wetlands increased dramatically. Improved
technology and increasing demand for agricultural land combined with the
growing intervention of the state to foster this trend. One of the largest of
these efforts occurred in the United States. It is estimated that 42.6 million
ha were under drainage in 1978. Similar efforts in Australia (1.7 million
ha), Europe (21 million ha), Africa, Asia, and Latin America testify to the
brisk pace at which the world’s swamps, bogs, and marshes have been
cleared over the past century. Economic pressures suggest that this drive
into the wetlands will continue apace into the future.

Land reclamation by drainage has had significant environmental and
social effects, including the release of stored carbon into the atmosphere,
altered water tables affecting local watersheds, and disappearance of plant
and animal species. A preliminary inventory of worldwide land reclamation
through wetlands drainage is an essential first step for environmental his-
tory. Economic development may make it desirable to encroach even fur-
ther on the world’s wetlands. If so, an historical perspective on the impact
of disappearing wetlands will allow for more informed decisions in this area.

Land Reclamation: Irrigation of Arid and Near-Arid Lands

Irrigation is a much more visible and appealing form of land reclamation.
Making the deserts bloom draws upon our deepest aesthetic and cultural
instincts. The best known and one of the largest social investments in irri-
gation has been in the American West, with up to 17.7 million ha under
irrigation. Globally over 200 million ha of land are irrigated, and that fig-
ure is expected to reach 300 million ha by the year 2000. The more than
13,000 large capacity reservoirs in use have a capacity equal to 12% of the
entire annual runoff of the world’s rivers.

The physical changes wrought by irrigation are substantial. Waterlogging
and increased salinity and/or alkalinity are long-recognized problems.
Other threats include the destruction of species adapted to minimal soil
moisture, coupled with the enlargement of animal and plant populations
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and diseases previously held in check by water shortages. The magnitude of
world irrigation developments over the past two centuries provides strong
justification for systematic, intensive historical review.

Grazing Lands, Large Grazing Animals, and Man

Grazing lands throughout the world are of crucial importance to the global
economy. Domestic livestock and wild herbivores provide an important
source of nourishment and a vital economic resource. Since 1700 there has
been a steady reduction in the extent of the world’s grazing lands as many
of the great grasslands have come under the plow. In spite of a counter-
vailing trend, as forest clearing creates new grazing lands, the overall trend
has been a net loss of grasslands. Another significant factor has been the
intensifying human intervention in and control of world grazing lands, and
the concomitant decline in wild animals. This, in turn, is part of a conscious
effort to depose the wild herbivores in favor of domesticated animals, which
has led to significant problems of overgrazing in many areas. 

Conclusion

These enormous changes in human habitat since 1700 have forced new
adaptations in culture and institutions upon human society. It does not
appear as though these trends will be slowed or reversed in the near future.
The great task for environmental historians is to record and analyze the
pace and impacts of these transformations. What is needed is a long-term
global comparative historical perspective that treats the environment as a
significant variable. More and better data are essential both for under-
standing the impact of these environmental changes on our past, and for
enabling us to understand problems and prospects for the future.

Summary of

The Historical Roots of Our Ecologic Crisis
by Lynn White, Jr.

[Published in Science 155 (10 March 1967): 1203–1207. © 1967 by the AAAS.]

All forms of life modify their natural environment as a basic condition
of their existence, and man is of course no exception. Indeed, since
becoming a numerous species he has vastly altered his environment. The
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history of ecological change is still so rudimentary that we know little
about what has really happened. From the extermination of the monster
mammals of the Pleistocene to the reclamation of land from the North Sea
in Holland, unknown numbers of species of animals, birds, fish, and plants
have died out, with uncertain implications for the quality of human life.
The threat today has expanded many orders of magnitude beyond the pre-
industrial destruction of French forests or the smog problem in London.
Our present levels of fossil fuel consumption and overwhelming deposits
of sewage and garbage threaten the entire ecosphere. What shall we do?
No one knows for sure, and unless we carefully consider the fundamentals,
our best measures may provoke ecological backlashes with dire conse-
quences. As a beginning, we ought to try to clarify our thinking by look-
ing at the historical presuppositions that underlie modern technology and
science.

The Western Traditions of Technology and Science

It is important to stress that both modern science and technology are dis-
tinctly Occidental. It is beyond question that Western technology has
inherited crucial knowledge in mathematics, optics, medicine, and naviga-
tion from the great civilizations in Asia, and that it continues to absorb ele-
ments from all over the world. Yet today, around the globe, all significant
science is Western in style and method, whatever the race or language of
the scientists. It is also important to emphasize that the leadership of the
West in science and technology considerably predates the so-called Scien-
tific and Industrial Revolutions of the seventeenth and eighteenth cen-
turies, respectively. (These terms are outmoded and tend to obscure the
true nature of what they seek to describe.)

Between A.D. 800 and 1000, the West had begun to apply water power
to industrial processes, and by 1200 it was harnessing wind power as well.
From these simple beginnings, the West rapidly expanded its technological
skills in the development of power machinery, labor-saving devices, and
automation. In basic technological capacity, the Latin West of the latter
Middle Ages far outstripped its elaborate, sophisticated, and esthetically
magnificent sister cultures, Byzantium and Islam. “In 1444 a great Greek
ecclesiastic, Bessarion, . . . [upon visiting Italy was] amazed by the superi-
ority of Western ships, arms, textiles, glass. But above all he [was] aston-
ished by the spectacle of water-wheels sawing timbers and pumping the bel-
lows of blast furnaces. Clearly he had seen nothing of the sort in the Near
East.”[1204] By the end of the fifteenth century the technological superi-
ority of Europeans was such that they were capable of sailing the globe and
conquering, looting, and colonizing the world over.
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Modern science is supposed to have begun in 1543 with the publication
of the great works of Copernicus and Vesalius. These brilliant works did
not, however, appear overnight. The distinctive Western tradition of sci-
ence begins, in fact, in the late eleventh century, with the translation of Ara-
bic and Greek scientific works into Latin. Within 200 years, Greek and
Islamic science was being avidly read and criticized in new universities. Out
of this criticism arose new observation and speculation, and a growing dis-
trust of the ancient verities. By the late thirteenth century the West had
seized the mantle of scientific leadership from the faltering hands of Islam.
Prior to the eleventh century science had scarcely existed in the West, but
from the late thirteenth century onward the scientific sector of Occidental
culture has increased in a steady crescendo.

The Medieval View of Man and Nature

Since Western science and technology as we know them today acquired
their distinctive character during the Middle Ages, we cannot understand
their nature or their present impact upon ecology without examining
medieval assumptions and developments. Human ecology is deeply condi-
tioned by beliefs about our nature and destiny, beliefs which in turn are
profoundly influenced by religion. In its Western form, Christianity is the
most anthropocentric religion the world has ever seen. The Judeo–
Christian tradition is one in which the whole of nature and the planet itself
were created for the distinct purpose of serving man’s needs. Man, created
in the image of God, is not a part of nature, but is its master. Christianity,
in contrast to paganism and the Asian religions, not only creates a pro-
nounced dualism between man and nature, but also insists that it is God’s
will that man exploit nature for his own purposes.

This view has implications for the everyday conduct of people. In antiq-
uity it was believed that every hill, tree, and animal had a guardian spirit
that had to be honored and placated before using the resource. By destroy-
ing pagan animism it became possible to exploit nature with absolute indif-
ference to the feelings of these natural objects. Man thus developed a
monopoly over the spirits of this world, and the old inhibitions surround-
ing the exploitation of nature crumbled. Moreover, the Christian dogma
of creation and rapture suggests that there is a discreet beginning and end
to man’s existence on earth. This creates the basis for a linear concept of
time and existence, in contrast to the more cyclical perceptions of existence
in antiquity. This linear concept is accompanied by an implicit faith in per-
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petual progress, which was unknown in our Greco-Roman past or in the
Orient. 

It is significant that all of the great Western scientists—Copernicus, Gros-
seteste, Bacon, Galileo, and even Newton—cast their scientific inquiries
within a matrix of Christian theology. It was not until the late eighteenth
century that scientists began to dispense with God in their scientific
inquiries.

An Alternative Christian View

The implications of this argument may be unpalatable to many Christians.
If modern science and technology are historically an extrapolation of Chris-
tian theology, and if this science and technology is judged to be out of con-
trol in terms of its ecological impact, then Christianity bears a huge burden
of guilt. It is doubtful that the further application of science and technol-
ogy alone will enable us to evade the disastrous ecological backlash with
which we are confronted. Our science and technology have evolved from
Christian attitudes about man’s relation to nature, and even today, despite
all of our progress in the natural sciences, we continue to view ourselves as
the center of the cosmos, as beings apart from the natural process. We are
superior to nature, contemptuous of it, and entirely willing to use it for our
slightest whim. The whole concept of the sacred grove is alien to Chris-
tianity and thus to the ethos of the West.

What we do now about ecology depends upon our ideas today about the
man–nature relationship. More science and technology will not relieve the
ghastly ecological pressures we confront until we find a new religion, or
rethink the one we have. Perhaps we should ponder the theology of the
greatest radical in Christian history since Christ: St. Francis of Assisi. St.
Francis’ heresy lay in his belief in the virtue of humility, not merely for the
individual, but for mankind at large. He endeavored to dethrone man from
his monarchy over creation, to establish a democracy, a brotherhood of all
God’s creatures, from the smallest ant to man himself. His view of nature
and man rested on the idea that all things, animate and inanimate, were
created for the glorification of God, and are thus equal in God’s eyes. Our
present science and technology are still tainted with the orthodox Christ-
ian arrogance toward nature. Instead, “we must rethink and refeel our
nature and destiny. The profoundly religious, but heretical, sense of the
primitive Franciscans for the spiritual autonomy of all parts of nature may
point a direction. I propose Francis as a patron saint for ecologists.”[1207]
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Summary of

The Case That the World Has Reached Limits
by Robert Goodland

[Published in Population, Technology and Lifestyle: 
The Transition to Sustainability, eds. Robert Goodland, 

Herman E. Daly, and Salah El Serafy (Washington, D.C. and Covelo, 
California: Island Press, 1992), 3–22. © 1992 The International Bank 

for Reconstruction and Development and UNESCO.]

Since the publication of The Brundtland Report, the United Nations,
the World Bank, and most nations have advocated sustainability as a goal.
However, the world is currently being run in unsustainable ways, so we
must explore the implications of creating a sustainable world.

The Global Ecosystem and the Economic Subsystem

One measure of the size of the human economic subsystem relative to the
total global ecosystem of which it is a part is the level of throughput of
resources from the ecosystem to the economic subsystem. This level can be
measured by the product of population times per capita resource con-
sumption. The global ecosystem is the source of all material inputs, as well
as the sink for the wastes of the economic subsystem, and it has limited
regenerative and assimilative capacities. Since the size of the human eco-
nomic subsystem relative to the total global system is very large today, the
limited capacity of the global system to support the economic subsystem is
being stretched. It is important to ensure that the human economy be lim-
ited so that the ecosystem can support it. This will require throughput
reduction.

Localized Limits to Global Limits

Human economic activity and the resulting pollution have reached all parts
of the world. The current constraints on economic activity are due to the
sink limits of the global system. The key limit is the sink constraint on
absorption of wastes produced by fossil fuel use. There are a number of
signs that the limits have been reached. Five of them are discussed below.
(1) Human Biomass Appropriation: As calculated by Vitousek et al.,1 the

human economy uses about 40% of the net primary product of terres-
trial photosynthesis today. Thus, with one doubling of the world’s
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population we will be using 80% of the net primary product of terres-
trial photosynthesis, and shortly thereafter 100%. This scenario is eco-
logically impossible and socially undesirable. The time has come to ask
when we will be willing to say enough.

(2) Global Warming: The second evidence that limits have been exceeded
is global warming. Carbon dioxide accumulation is pervasive and it is
expensive to cure. Furthermore, cropping patterns will be affected by
the resulting climatic changes. Significant changes in temperature have
been recorded in the recent past. There is still uncertainty about
whether global warming has actually started, but all evidence suggests
that it may have. Neither the effects nor the required policy responses
are yet clear.

The dominant cause of the accumulation of greenhouse gases is the
fossil fuel–based human economy. Other contributors to global warm-
ing are pollutants like methane, CFCs, and nitrous oxide. There is no
price to polluters for using atmospheric sink capacity, although the real
opportunity costs may be very high. The costs of rejecting the green-
house hypothesis, if it is in fact true, are far greater than the costs of
accepting the hypothesis even if it proves false. If nothing is done until
irrefutable evidence comes in, the costs of the influx of millions of
refugees from low-lying and coastal areas, of damage to ports and
coastal cities, and of damage to agriculture will be exorbitant. Action
is necessary, if for no other reason than to insure against these possi-
bilities. Prudence should be paramount. As Amory Lovins has sug-
gested, abating global warming may save, not cost, money.

To the extent that energy use reflects economic activity, carbon
emissions are an index of the scale of the economy. Decoupling eco-
nomic growth from energy throughput and increases in CO2 seems
achievable, as the recent experiences of Japan, the United States, and
Sweden attest. This can be accomplished by making a transition to
renewable forms of energy, including biomass, solar, and hydro.

(3) Ozone Shield Rupture: The third evidence that limits have been
reached is the rupture of the ozone shield. Two ozone holes have now
been detected: one over Antarctica and another over the Arctic. The
consequences of these ozone holes include increases in the incidence
of cancer and many other diseases, as well as upsetting balances in nat-
ural vegetation. Even if CFC emissions cease today, it will take 100 to
150 years for pre-damage levels to return. The global nature of this
problem is made evident by the fact that while 85% of the CFCs are
released in the Northern Hemisphere, the main hole appeared over
Antarctica.



42 Part I. Historical Perspectives

(4) Land Degradation: Land degradation—i.e., “decreased productivity
such as caused by accelerated soil erosion, salination, and desertifica-
tion”[13]—is not new, though the scale of degradation has mush-
roomed. About 35% of the earth’s land is now degraded. Soil loss rates
range from 10 to 100 tons per hectare per year, seriously affecting the
world food economy. In addition, the shortage and subsequent over-
harvesting of fuel wood also lead to land degradation.

(5) Decrease in Biodiversity: The increase in the size of the human econ-
omy has resulted in the extinction of species at the fastest rate in
recorded history. The tropical forests are being destroyed at a rate of
168,000 square kilometers per year. While estimates of the number
and rates of species extinction vary, they are all large. The destruction
of the tropical forests increases poverty, and there is little beneficial
trade-off with development.

Population

Reducing population growth in developing and developed countries is
essential to achieve sustainability. Population control is needed in the devel-
oped countries, as they consume a large part of the world’s resources and
hence overpollute, and help must also be provided to the developing coun-
tries for family planning. Moreover, poverty in any country stimulates pop-
ulation growth, so direct poverty alleviation is essential. Developing coun-
try populations are increasing at a faster rate than their economies can
provide for them. Even if energy consumption remains at its current inad-
equate levels in these countries, population growth will increase their com-
mercial energy consumption 75% by the year 2025. To provide the
resources needed for poverty alleviation in developing countries, developed
nations must shift from input growth to qualitative development.

Growth Versus Development

Given the size of the economic subsystem relative to the global system of
which it is a part, as well as the strains on the regenerative and assimilative
capacities of the global system, opinions differ as to how much the econ-
omy needs to continue to grow. While some authors, including Brundt-
land, call for continued growth, others believe that to achieve sustainability
quantitative growth should stop and give way to qualitative development.
According to Brundtland, some necessary conditions for sustainability
include: production of more with less through conservation, technological
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improvements, and recycling; reduction of the population explosion; redis-
tribution from overconsumers to the poor; and—a point Brundtland was
fuzzy on—the transition from input growth to qualitative development.
Poor countries must be spared further hardship during the transition to
sustainability. While Brundtland commendably advocates growth for poor
countries, with respect to the resource consumption of different groups of
human beings, sustainability will require both raising the bottom and low-
ering the top.

Conclusion

As economies move toward service-oriented growth and away from indus-
trial growth, there is less damage done to the source and sink functions of
the globe. The transition to sustainability will be assisted by technologies
that are less throughput intensive. However, these changes will be insuffi-
cient, as the potential growth of the service sector relative to the produc-
tion of goods has limits, and many services also have high throughput. In
addition, “hi-tech” growth that is less throughput intensive may not be
affordable in those places that need the most growth, i.e., developing coun-
tries. Part of the solution will be massive technology transfers from indus-
trial to developing countries.

Note
1. Vitousek, Peter M., et al., “Human Appropriation of the Products of Photo-

synthesis,” in BioScience 34 (6): 368–73 (1986).

Summary of

One Part Wisdom: The Great Debate
by Paul Harrison

[Published in Paul Harrison, The Third Revolution: Environment, Population and a
Sustainable World (London and New York: I.B. Tauris & Co. Ltd., 1992 

and Penguin Books, 1993), 7–20.]

(This is a summary of the first chapter of Paul Harrison’s book in which the author 
traces the evolution of the debate about the effects of population growth.)

Human population growth has been through five phases since the begin-
ning of the Christian era. The growth rate in the first phase, between A.D.
0 and 800—a period of economic stagnation, political chaos, and mass
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migration—was 0.03% per year. In the second phase, between 800 and
1700, the growth rate rose to 0.11% as a result of agricultural improve-
ments, mainly in Europe and China. Between 1750 and 1900, the third
phase, the growth rate increased to 0.57%. The fourth phase was between
1950 and 1980. This period saw death rates falling in developing countries
because of the introduction of preventative and curative medicine and the
agricultural revolution. Growth rates peaked in the 1960s at 2.05%. Since
1980 we have been in the fifth phase, with growth rates declining to 1.74%.
However, while the growth rate is falling, in absolute numbers the decade
of the 1990s will see the highest annual additions to world population. Are
these increases in population something we should worry about, or are they
beneficial?

The beginnings of the modern debate as to whether population growth
is a positive or a negative factor can be traced to the late eighteenth cen-
tury. In 1761, in his Various Prospects of Mankind, Nature and Providence,
Robert Wallace argued that an obstacle to a world of equality was that chil-
dren would be so well taken care of that infant mortality would fall and
population would increase. This increase in population would finally lead
to an overstocked world, and cruel and unnatural practices would be nec-
essary to reduce the numbers. In Enquiry Concerning Political Justice
(1793), William Godwin objected to this vision and argued that because
three-quarters of the earth was uncultivated, population growth would
never be a problem.

In 1798, Thomas Malthus published Essay on the Principle of Population,
arguing that while population grew in geometrical ratio, food production
grew in arithmetical ratio. As a result, population has a tendency to grow
faster than food production. Since food is necessary for survival, population
growth is equalized with food production by excess populations dying.
Malthus argued that in this way natural checks would keep population
growth no higher than growth in the food supply. In 1803 Malthus revised
his initial essay to argue that population growth could also be limited by the
power of self-control.

Malthus’ Essay was an onslaught against socialism, and socialists reacted
to it in strong terms. William Hazlitt called it the “little, low, rankling mal-
ice of a parish beadle”1 disguised as philosophy. Marx accused it of being a
“sensational pamphlet.” To Marx, overpopulation was caused by the laws
of capitalism, not the laws of nature. He argued that population growth
produced a “reserve army” of unemployed because of investments in
machinery. Friederick Engels argued that “mankind could multiply more
rapidly than is compatible with modern bourgeois society.”2

In America, Henry George argued in Progress and Poverty (1879) that
the cause of poverty was not overpopulation but unjust laws, warfare,
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excessive rents, and lack of secure tenancies. To George, population growth
was an effect and not a cause of poverty. He also foreshadowed anti-
Malthusian theories of the radical right when he argued that higher levels
of population lead to greater wealth.

Ester Boserup, one of George’s most influential successors, suggested in
her 1965 book, The Conditions of Agricultural Growth, that population
growth determines agricultural change. Boserup argued that the first farm-
ers were shifting cultivators who returned to plots after fifteen to twenty
years. As populations increased, they were forced to return to plots more
often, resulting in yield declines. Farmers were then forced to improve agri-
cultural techniques in order to maintain food production, and these devel-
opments helped food production keep pace with population growth. If
population growth had not taken place, primitive agriculture would have
persisted and would not have resulted in higher levels of cultural develop-
ment.

The modern debate on population growth has been similar to the
debates of the nineteenth century. Paul Ehrlich, in the role of a modern
Malthus, predicted in his 1968 book, The Population Bomb, that overpop-
ulation would result in famines and the starvation of hundreds of millions
of people. He advocated compulsory population control measures if vol-
untary efforts failed, and condemned giving aid to health programs in the
Third World. In The Limits to Growth (1972), Dennis and Donella Mead-
ows and their team predicted, on the basis of computer models, that if pre-
sent trends continue, a catastrophic collapse of population will occur due to
a rise in pollution and a dramatic decline in mineral and land resources.
Moreover, they asserted that those who survive will have a dismal, depleted
existence. According to the authors of The Limits to Growth, the only way
to avoid catastrophe is to undertake a comprehensive program of conser-
vation and population stabilization.

The extreme predictions of modern Mathusianism have evoked reactions
from the right and the left. From the right, Julian Simon responded with a
pro-growth position. He argued that throughout recorded history stan-
dards of living have risen along with population because higher population
leads to bigger markets, the possibility of economies of scale, and more
people with more brains to think up technical solutions to problems. All of
this results in increasing wealth; resource shortages may occur, but only
temporarily. On the left, the response to neo-Malthusian views has sug-
gested that overpopulation is caused by poverty, which results from
exploitation, expropriation, inequality, and injustice. This view argues that
the poor have large families because children can bring in wages or care for
their parents in old age.

It is not easy to see who is right. Ideology plays a role in molding peo-
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ple’s views. Free markets are the answer for conservatives, while socialists
believe social justice is the solution. Third World nationalists see this con-
cern with population problems as a smoke screen for fears about the
increasing strength of countries in the South, or an excuse to meddle in
their internal affairs. Religious groups, meanwhile, equate an anti-abortion
stance with an anti–family planning position. There is some element of
truth on all sides of this debate, and a more synthetic view (see, for exam-
ple, the rest of The Third Revolution) is needed to provide a balanced pic-
ture.

Notes
1. Gertrude Himmelfarb, ed., On Population: Thomas Robert Malthus (New

York: Random House, 1960), xxvi; cited by Harrison, 13.
2. Friederick Engels, “Letter to J.B. Schweitzer,” Works 2 (1965): 391; cited by

Harrison, 14.

Summary of

Environmental Significance of Development Theory
by F.E. Trainer

[Published in Ecological Economics 2 (December 1990): 277–286. Reprinted 
with kind permission from Elsevier Science B.V., Amsterdam, The Netherlands.]

While conventional development has been successful in raising growth
rates, the primary beneficiaries of growth are those who are already rich.
The vast majority of people in the Third World have experienced very little
improvement in their real material living standards. However, both con-
ventional and radical (Marxist and dependency) development theories have
ignored the voluminous “limits to growth” literature. These schools are
premised on the notion that the goal of development is endless economic
growth and the achievement for all of the living standards typical of the rich
countries. Given present estimates of the world’s mineral and energy
resources, there is no chance that all of the people in the world can have
per capita use rates typical of people in rich countries. At present, the rich
countries of the world have ¹⁄₅ of the world’s population but consume ⁴⁄₅ of
the world’s annual resource output.

There is increasing recognition that problems of resource depletion,
destruction of the environment, deprivation of Third World people, con-
flicts over resources and markets, and a falling quality of life are all conse-
quences of pursuing a single-minded policy of growth and ignoring the
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problem of the “limits to growth.” Rich countries must, therefore, move
toward becoming less affluent, more self-sufficient, conserver societies. In
addition, the goal of development must cease to be defined in terms of rais-
ing everyone to the “living standards” or the patterns of settlement and
industrialization that the rich countries now have, as this will be physically
impossible.

Two main reasons why development has done little or nothing for the
poorest 40–60% in the Third World are the emphasis on market forces and
the inappropriate development that results. The reason that ¹⁄₅ of the
world’s people consume ⁴⁄₅ of the world’s resources is that the global econ-
omy is based on the market system. Market forces always deliver scarce and
valuable things to the relatively rich, while ignoring the poor. It is these
same market forces that ensure that the wrong industries are set up in the
Third World, with the result that much of the productive capacity created
is inappropriate in view of the needs of most Third World people.

Development, when focused on economic growth or increases in GNP,
allocates resources to producing for the relatively rich, especially for those
abroad. Development aimed instead at meeting the needs of most people
may not yield substantial increases in GNP. Since the 1970s, the inability of
growth alone to meet the needs of the poor has led to “growth with
equity” and “basic needs” strategies. But these theories still fundamentally
rely on growth as a solutions. They mistake the cause of the problem—
growth—for the solution. The thrust of development should therefore not
be toward increasing GNP, but toward improving the quality of life. A
strategy of appropriate development would contribute to better informal
security networks, more independent and autonomous village government,
and the development of rich and varied forests and “edible landscapes.”
Development should not only be for the economy, but for the society as a
whole. 

The “indiscriminate growth and trickle-down someday” approach to
development is largely responsible for the damage occurring to the planet’s
ecosystem. This conventional approach to development advocates import-
ing huge quantities of goods, machinery, and inputs from rich countries. In
order to pay for these imports, Third World countries are forced to turn to
their natural resources, which are their most readily available export items.
In addition to forests being destroyed outright for export purposes, the lack
of appropriate development options lead nomads, peasants, and native peo-
ples to exploit remaining forests as well. Forests are cleared for replacement
with agricultural activities that have high rates of return, such as export beef
production. This destruction leads to less rainfall retention, creeks drying
up, soil being washed away, and severe droughts and floods. The expansion
of export cropping has resulted in the best lands going toward export
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crops, driving peasants and nomads toward marginal lands that are prone
to overgrazing and erosion. This has resulted in an increase in the number
of landless people in rural areas, and large-scale migration to already over-
crowded urban areas. Along with the destruction of forests, the use of pes-
ticides and fertilizers and the accompanying irrigation changes have led to
the loss of a number of plant and animal species and genetic diversity.

Other environmental consequences result from the affinity of the con-
ventional development approach for big infrastructure development. For
example, the development of dams results in the destruction of forests, dis-
placement of native peoples, loss of silt, and the destruction of food chains
such as fisheries. These large-scale infrastructure projects take away
resources from more appropriate development strategies and add to foreign
debt.

The following can be suggested as basic principles for appropriate, eco-
logically sustainable Third World development:
(1) Focus on the concept of appropriateness: Concentrate on developing the

overall quality of life, with a view toward considerations of ecology,
resources, and justice, rather than focusing on growth, market forces,
and the profit motive.

(2) Totally abandon Western affluence as a goal of development: Aim for
lower (but still comfortable), stable lifestyles with reasonable levels of
nonrenewable resource consumption, rather than an endless increase
of material wealth.

(3) Maximize local economic self-sufficiency: Aim at self-sufficiency and
independence from the global economy via the development of inte-
grated, small-scale regional economies.

The above prescriptions, based on self-sufficiency and autarchy, are often
dismissed as naive. This is true if the objective of development is heavy
industrialization, high levels of GNP, and western lifestyles. However, if the
goals of development are seen in an alternative framework in which low lev-
els of consumption of resources can achieve satisfactory living standards and
a high quality of life, then frugality, self-sufficiency, and stability come into
focus.
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PART II

Definition, Scope, and
Interdisciplinary Issues

Overview Essay
by Jonathan M. Harris

Ecological economics in its modern form is a relatively new field. We
have seen that there is a significant background in the history of economic
theory for the emergence of ecological economics; but its claim to the sta-
tus of a discipline in its own right is recent. Mainstream economic theorists
would perhaps attempt to subsume it under “environmental economics,” a
sub-field of neoclassical theory, but the broader logic of analysis already
presented in Part I, and developed in greater detail in this part, argues
against such a classification. To address the issues of the relationship
between the economic system and its resource and environmental base
involves more than simply pricing natural resources and environmental ser-
vices. An attempt must be made to integrate the very different principles
governing the operations of the natural world and of the human-made
economy.

This effort necessarily requires insights from different disciplines, cer-
tainly including the physical sciences, ecology, and economics, but also
extending to sociology, political science, psychology, and philosophy. The
distinction between positive and normative analysis, so greatly emphasized
by economic theorists, breaks down when we attempt to address questions
of the large-scale impact of economic activity on the natural world. It is not
simply a question of how the equilibrium and feedback mechanisms in eco-
nomics and ecology interrelate—that is to say, it is not merely a question of
economy/ecosystem modeling, important though that effort is. The issues
raised include more fundamental questions such as: what is the purpose of
economic activity?; what are the goals of economic development?; how
important is the preservation of the natural world as compared to the pro-
duction of economic goods?; how do principles of social and intergenera-
tional equity affect the use of resources and the choice of basic and luxury
goods to be produced? Standard economic theory has a limited capacity to
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respond to such questions, while disciplines other than economics must be
supplemented with some form of economic theory to address them. In an
era when questions of resource depletion and environmental degradation
have come dramatically to the forefront of public debate, the need for a dis-
cipline of ecological economics is evident.

The articles summarized in this part address the issues involved in the
development of an interdisciplinary approach to the area. They fall roughly
into two categories. The first group deals with conceptual and method-
ological problems of interdisciplinary research. The second focuses on the
now widely used, but poorly defined, concept of sustainable development.
Properly understood, sustainable development means the replacement of
the standard concept of economic growth with a more balanced set of goals
taking into account environmental carrying capacity, social and intergener-
ational equity, and community values, in addition to the production of
goods and services. We must draw on all the different disciplines which
contribute to ecological economics to get a good sense of what we mean
by sustainable development. Once defined, or at least delimited, this con-
cept replaces such abstract constructs as “maximizing utility” for the pur-
poses of economic analysis. The “economic” issues of production, resource
use, technology, consumption, income distribution, international trade,
etc. can then be addressed in the context of a new perspective on the over-
all goals of economic activity.

In two of the original articles outlining the need for a field of ecological
economics, Robert Costanza, Herman Daly, and David Pearce establish
conceptual links between fundamental issues in economic theory and the
biophysical logic of ecology. Costanza and Daly provide an overview of the
argument, while Pearce goes into more detail on its philosophical under-
pinnings. Distribution of wealth and income have always been important in
economic theory, but this theory has been limited to considerations of
human welfare only, and has tended to define welfare in terms of con-
sumption of goods. Treatment of intergenerational distribution has been
limited in economics, and heavily dependent on the use of current interest
rates to discount future benefits. The importance of natural resource and
environmental constraints in distribution has not generally been recog-
nized, but is now inescapable. These two articles grapple with these short-
comings, rejecting the use of interest rates and present-oriented distribu-
tional rules in favor of long-term sustainability. Sustainability, it is argued,
extends the principle of distributional justice to take into account both
non-human species and future generations. Neither article goes very far
toward making the concept of sustainability specific, or focusing on
whether and how the differing methodologies of economics and ecology
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can be fruitfully combined. Rather, these two articles can be considered as
setting the stage for the more specific methodological and policy issues
which follow.

Richard Norgaard’s essay, “The Case for Methodological Pluralism,”
introduces a fundamental proposition of ecological economics—that there
is no single formal theory suitable for the analysis of all economic and envi-
ronmental issues. This contradicts the neoclassical belief that a single theo-
retical construct based on relatively simple assumptions can be used to ana-
lyze all economic activity, as well as environmental issues associated with the
economic system. Within economics, critics of the neoclassical market
model have argued that it neglects social, historical, and cultural factors and
oversimplifies human motivations. When we take into account the complex
and multifaceted questions of ecosystems and their interactions with the
economy, this shortcoming is even more glaring. While formal theory also
plays a part in ecology, the more pragmatic and empirical methodologies
common in ecological research provide a contrast to the mathematical for-
malism of standard economics. Norgaard suggests an approach of drawing
insights from varied methodologies without selecting one as superior or
rejecting any out of hand. As a general principle, this sounds unexception-
able; but it leaves open the question of how a rigorous body of theory can
be developed which is neither solely ecology nor solely economics.

The articles by Jason Shogren and Clifford Nowell, and by Malte Faber
and John Proops, go into greater detail regarding different methodologies
and the possibility of effective interdisciplinary work. Shogren and Nowell
make the point that economic theorizing is generally based on an explicit
“objective function,” assuming that the goals of economic actors can be
expressed simply as utility or profit maximization. This is questionable as a
description of economic reality, but becomes even more so when attempts
are made to apply market valuations to the environment through “contin-
gent valuation” theory. They suggest that combining the empirical and
descriptive efforts of ecologists with more cautious use of formal mathe-
matical models may be productive for both fields. This search for a middle
ground is commendable, since much of the debate over the relative merits
of theoretical and empirical investigation has so far proved to be more con-
tentious than productive.

Faber and Proops argue more specifically that the physical scientist’s
understanding of the constraints on energy availability, process irreversibil-
ity, and entropy needs to be combined with economic analysis of technical
and social responses to these constraints. Disciplinary boundaries in the
academic world, however, make such cooperative research difficult to carry
out. One of the goals of ecological economics is to legitimize and gain wide
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support for such research. Perhaps the outlook here can be hopeful, given
the obvious importance of such cross-fertilization for discussion of current
issues such as global warming, ozone layer depletion, or species loss.

Mary Clark’s essay takes us across another interdisciplinary boundary,
that between economics and social theory. She focuses on the conflict
between competitive individualism and community relationships. She
argues that the uncritical acceptance of a competitive individualist model of
human motivation (“Gestalt I”) has led inevitably to severe conflict
between growth-oriented economic activity and the environment, as well as
a weakening of community. The effort by economists to convert all values
into prices intensifies these conflicts. She proposes a model of a sustainable
community as an alternative goal (“Gestalt II”). This implies a reorienta-
tion of educational practice away from formal economics and toward devel-
oping an understanding of the ecological and psychosocial foundations of
sustainability.

If ecological economics represents the synergy of several different disci-
plines in the theoretical area, industrial ecology can be considered as its
practical application. Jesse Ausubel presents some of the main tenets of this
emerging field, which spans ecology, economics, and chemical engineering.
Industrial ecology replaces a laissez faire approach toward technological
change with a conscious process of design aimed at creating industrial
structures which are compatible with their environment, emphasizing sys-
tematic resource recycling, energy conservation, and reduced outflows of
waste. Technological change has always been one of the “black boxes” of
economics; industrial ecology attempts to open the box, examining the
relationships of information, incentives, and control structures in shaping
new technologies. In the past major new technologies have been “forced”
by government policy decision—for example, automobile-centered trans-
port and nuclear power generation. The message of industrial ecology is
that the process of introduction of new technologies should be better
understood, and turned toward the goal of eco-friendly technology and the
transition away from fossil fuel and high material-throughput technologies.
(The term throughput, introduced by Herman Daly, refers to the whole
process in which resources enter the economic system as inputs and emerge
as outputs and/or wastes. It is discussed further in Part III.)

The six articles dealing with sustainable development attempt in different
ways to give focus to the concept. The obvious danger here is the water-
ing-down of the sustainability concept to the point where almost any eco-
nomic development, including some minimal environmental protection
effort, can be described as sustainable. In fact, sustainability is a demanding
goal with environmental, social, and economic components. Properly
understood, it also implies a fundamental break with the standard theory
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and practice of economic development, rather than minor modifications of
an existing paradigm. Sustainable development is ecological economics in
practice, and as such is very different from the economic growth models of
standard economic theory. This becomes apparent as we review the contri-
butions of the different authors whose work is summarized here, them-
selves drawing on the work of others who have grappled with the concept
since it was first introduced by the World Commission on Environment and
Development’s 1987 report Our Common Future.

Richard Norgaard’s “co-evolutionary” perspective on sustainable devel-
opment (SD) sees it as grounded in an alternative world view similar to that
sketched out by Mary Clark. The interrelationship of environment, tech-
nology, social organization, and value systems in shaping development
dethrones economics from its position of primacy in shaping development.
A local or regional focus for SD is also emphasized, providing a counter-
point to the market economists’ emphasis on an increasingly integrated
global economy. Sharachchandra Lélé’s critical review of SD literature
shows that a frequent failure to recognize the broader implications of SD,
and an effort to interpret it within the confines of the standard develop-
ment model, have led to serious policy shortcomings, with examples cited
from the areas of international trade, agriculture, and forestry. In each of
these three areas, problems of unsustainability have been perpetuated by
growth-oriented policies modified only slightly to take environmental con-
siderations into account, and largely ignoring social equity and community
sustainability concerns.

Vandana Shiva extends this line of critique, arguing that the ideology of
the market system is fundamentally incompatible with sustainability. Devel-
opment economists take the primacy of human-made capital for granted,
seeing the transformation of natural capital (forests, soils, minerals, natural
water cycles and ecosystems, etc.) into industrial capital as the essence of
development. True sustainability, by contrast, depends on the recognition
of the natural systems as primary. Social and economic structures must be
adjusted to this reality, rather than the other way round. The clear implica-
tion is that a reconceptualization of the whole theory of development is
needed, not merely an adjustment of existing theory to internalize envi-
ronmental factors.

In “The Difficulty in Defining Sustainability,” Michael Toman proposes
the concept of a “safe minimum standard” as a possible compromise
between economists’ generally limited concepts of SD and ecologists’ more
demanding views of ecosystem protection. This approach would establish
socially determined limits to the scope of market exploitation of resources,
based on environmental cost and irreversibility. Johan Holmberg and
Richard Sandbrook suggest a more ambitious policy of “primary environ-
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mental care” developed at the community level to meet basic needs, pro-
tect environmental resources, and strengthen community. John Dixon and
Louise Fallon consider policy implications of SD from the perspective of
the World Bank’s Environment Department. (It is worth noting that this
department has been far more attuned to SD theory than the Bank’s
growth-oriented loan officers.) These implications include: the importance
of equity considerations in development as an alternative to the rising-tide-
lifts-all-ships logic of across-the-board growth; resource planning for future
generations; population policy; time horizons for planning and project eval-
uation; evaluation of species extinction and other irreversible ecological
damage; and an awareness of the limits of the market mechanism for devel-
opment policy.

On completing this survey of articles dealing with the field of ecological
economics and its policy correlate, sustainable development, the reader may
well feel that a better case has been made out for the need for such a field
than for the proposition that the field is already established. Many of the
criticisms of the narrowness of neoclassical economics are trenchant, and
the general call for interdisciplinary research seems appropriate to the
growing importance of problems involving economic and ecological inter-
relationships. But we cannot yet point to any large body of successful
research or case studies of policy implementation along these lines. Indeed,
the development of this area is still rudimentary—but the rudiments may
be more significant for future intellectual and policy work than the far more
fully developed academic fields which have failed thus far to offer an ade-
quate understanding of, or response to, the global environmental crisis.

With this observation in mind, we move in Part III to a survey of theo-
retical work in the general area of ecological economics, then in Sections
IV, V, and VI to specific areas of analysis and policy evaluation.
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Summary of

Toward an Ecological Economics
by Robert Costanza and Herman E. Daly

[Published in Ecological Modelling 38 (September 1987): 1–7. Reprinted
with kind permission from Elsevier Science B.V., Amsterdam, The Netherlands.]

(This summary is the introduction to a special issue of Ecological Modelling
devoted to ecological economics.)

Humanity’s increasing impact on the earth’s environment requires a fur-
ther synthesis of the disciplines of ecology and economics. The most impor-
tant theoretical issues that should be encompassed in this synthesis are “(1)
sustainability; (2) inter- and intra-species distribution of wealth; (3) dis-
counting and intergenerational justice; and (4) dealing with non-mone-
tized values, imprecision, and uncertainty.”[1]

Need for an Ecological Economics

Both the economic and ecological paradigms have fallen short of address-
ing many of the questions involved with human/natural resource interac-
tion. In economics, “free marketeers” believe that environmental external-
ities are of little importance and can be adequately addressed by the
invisible hand of the free market. Environmental problems are also seen as
minor by Marxists, who argue that political education and better planning
are simple remedies. In the field of ecology, questions about human cultural
behavior are not commonly asked. Ecologists normally concern themselves
only with the effects of human action on ecosystems, and not with an
understanding of human behavior in the context of the ecosystems on
which they depend. These combined shortcomings are serious, and exten-
sive changes to each existing paradigm are necessary to alleviate them.

Major Issues, Problems, and Solutions

Economists have a long history of asking questions pertaining to natural
resources, but attention in the present century has dwindled. Many prob-
lems arise when attention is diverted away from investigating human inter-
dependence with the earth’s environment. The following sections outline
some of these major problems.
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Sustainability: Maintaining Our Life Support System
Economics should remind itself that nature is the economy’s “life support
system.” By ignoring this essential link we could threaten the ability of nat-
ural life support systems to maintain themselves and the economies to
which they are inexorably linked. David Pearce has investigated the major
economic structures of free market, planned, and mixed economies and has
concluded that for the most part these structures are unable to guarantee
sustainability. In Pearce’s view, sustainability is inherently connected with a
notion of justice within species, between them, and between current and
future generations.

Intra- and Inter-Species Distribution of Wealth
“Wealth is ultimately the capacity to support life and the enjoyment
thereof.”[3] We generally do not conceptualize the sharing of wealth with
other beings or future generations. When we do look at the lives of animals,
we see that all members of these populations have more or less the same
“standard of living.” In addition, they live at roughly the same level of per
capita resource use, a level that does not change over time. Neither are ani-
mals split into classes that have varying degrees of access to natural
resources. In the human case, per capita resource use differs widely for dif-
ferent social classes and is not at all constant over time. To maintain carry-
ing capacity for an animal population, it is necessary to control population
while keeping resource consumption constant. In addition, to maintain car-
rying capacity for the human race, consumption and income distribution
need to be controlled in an equitable manner. Modern economics has paid
little attention to such contentions.

Modern economics has determined that the human race should receive a
continually increasing share of wealth. This assumption ignores the “instru-
mental value” that other species have in maintaining the earth’s economies
and life support systems, and it ignores the intrinsic values of other species.
In some cases, such as energy analysis, economists have attempted to cal-
culate forms of intrinsic value based on embodied energy, but these exam-
ples are not widespread. Ecological economics can act as “a check on
human perceptions,” and “allow us to study the economies of nature which
do not include humans.”[4]

Discounting, Intergenerational Justice, and the Time Delay Trap
Intergenerational justice is an important foundation for an ecological eco-
nomics. Issues in this realm have usually been addressed by discounting.
The problem with discounting is that it reflects the value that the present
generation places on future generations without the consultation of future
generations. It should be recognized that the practice of discounting is just
a numerical way to account for the value judgments that “(a) the near
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future is worth more than the distant future, and (b) beyond some point
the worth of the future is negligible.”[4]

Discounting may be a symptom of what is known as a social trap. A social
trap is “any situation in which the short-run, local reinforcements guiding
individual behavior are inconsistent with the long-run, global best interest
of the individual and society.”[4] Sometimes these short-term incentives
(money, social acceptance, physical pleasure, etc.) can be misleading. In
such cases, too little importance is placed on the future and this “trap” is
set. When economists and ecologists assume that individuals are optimizers
and then interpret all behavior as optimal, they fall into this trap. Psychol-
ogy has shown us that humans experience problems in responding to situ-
ations that are not immediate. In this context we expect to see situations in
which the future is discounted too much, which may not be optimal.

A particular approach to discounting has been to discount future value
by the rate of interest. This “provides an extremely tight link between eco-
logical destruction and macroeconomic policy.”[5] For an exploited species
whose rate of population growth is less than the rate of interest, there is a
high probability of extinction. Policy makers rarely consider issues such as
the effects of U.S. interest rates on deforestation in the Amazon, yet these
effects are significant.

Non-Monetized Values and the Partial Quantification Gap
Not all values can be accounted for in monetary terms with the same level
of precision. Values that can be expressed more precisely often dominate
because they can fit into the models of the current paradigm more easily.
This is an “unfair” advantage to precise numbers, and a compensating
weight should be given to values that are more difficult to measure. The
beginning of a solution to this problem is to be aware of and deal with the
range of imprecision in all decisions by looking at all possible outcomes and
to make decisions with those outcomes in mind.

Integration Versus Cross-Fertilization
Some have stated that the disciplines of ecology and economics should fully
integrate with one another, while others advocate cross-fertilization
whereby each discipline “borrows” necessary traits from the other. Much
of the literature in ecological economics discusses how the concepts of ecol-
ogy must be incorporated within those of economics, but in some cases,
such as the use of input–output models, economics has been incorporated
into ecology and used to evaluate ecosystems.

Extending the Classical, Neoclassical, and Marxist Analysis
Different economists have chosen a variety of starting points from which to
begin an integration or cross-fertilization of the two disciplines. Robert
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Goodland and David Pearce are among those who attempt to expand neo-
classical theory to incorporate concepts of sustainability and carrying capac-
ity. Paul Christensen has pointed to modern energy analysis as an example
of how classical economics can serve as a starting point. Robert Kaufman
also refers to modern energy analysis as a starting point, but wonders if
Marxist economics is the better point of integration.

Summary of

Foundations of an Ecological Economics
by David Pearce

[Published in Ecological Modelling 38 (September 1987): 9–18. Reprinted with kind
permission from Elsevier Science B.V., Amsterdam, The Netherlands.]

Ecological economics, with the objective of creating a sustainable society,
should employ a Rawlsian concept of distributive justice in an intergenera-
tional context as one of its principal foundations. This concept can apply to
non-human species also; however, it is argued that the biophysical require-
ments of a sustainable society are likely to ensure the preservation of non-
human species and habitats. The present forms of economic organization
can be examined to test whether they can guarantee sustainability. The con-
clusion is that none of the existing forms of economic organization can ade-
quately guarantee sustainability, and we should begin to investigate the
conditions for an economy that is “ecologically bound.”

Justice as Fairness

In 1971, John Rawls outlined a theory of justice concerned with intratem-
poral fairness. Rawls argued that a set of moral principles pertaining to jus-
tice would best be derived under a “veil of ignorance” about the location
of individuals in society (whether they are rich or poor). In this context, a
principle of justice is “derived from rational life plans, some knowledge of
how society functions, and some knowledge of the relationship between life
plans and primary goods.”[11] From this principle of justice, rules for the
organization of society are derived. When these rules are institutionalized,
each person will have equal rights to the maximum amount of freedom pos-
sible without infringing upon the freedoms of others. When inequalities
arise, these inequalities can only be justified if they are potentially advanta-
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geous to everyone. This difference principle is the equivalent to the MAX-
IMIN principle which implies that each person will opt for the maximum
amount of protection possible to avoid the risk of being the poorest person
in the society. 

Intergenerational Justice

Talbot Page has expanded Rawls’ intratemporal theory, which shows how
to define justice within a given generation. Page’s contribution gives us an
intertemporal theory that takes account of issues of justice between gener-
ations. In his formulation, one of the tenets added to the Rawlsian “veil of
ignorance” is an ignorance of what generation the decision maker will fall
in. In this context the MAXIMIN principle will ensure that future life will
be possible because no one will want to be put in the last generation. Page
has argued that this notion suggests a “permanent livability” criterion
which implies that the natural resource base on earth will be kept intact,
and that all generations will have equal access to that natural resource base.
Page distinguishes natural resources from primary goods. Natural resources
are seen as an endowment that helps determine access to primary goods. As
time passes, if the natural resource endowment changes between genera-
tions, so will the primary goods, and this can only be justified if future gen-
erations benefit by this inequality. 

Page’s extension of Rawls can be criticized on the grounds that in the
intratemporal case all the parties are alive, but in the intertemporal case we
are asked to make judgments concerning individuals who do not yet exist.
In addition, Page’s statement that inequality in resource use is unjustified
can be countered by the argument that the conversion of resources to cap-
ital in the present can be justified by the capital itself being passed on to
future generations. 

These criticisms are based on standard intertemporal efficiency condi-
tions that can conflict with intergenerational justice. Such conditions state
that each generation should maximize the present value of net gains. How-
ever, if, for example, the discount rate that is being used is higher than the
regeneration rate of a resource, the resource could become extinct and
future generations would not have access to it. Thus an intergenerational
justice principle is more likely to ensure equality of resource base endow-
ments by generation.

When comparing Page’s notion of “permanent livability” to contempo-
rary conservationists’ notions of “sustainability,” we find that the two are
virtually identical. Sustainability is linked to intergenerational justice.
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Justice and Non-human Species

It seems difficult to consider non-human species within this intergenera-
tional context because they cannot assemble to debate the rules on which
to form a society. However, these beings are sentient, and it can be argued
that they have preferences. They are similar to humans in many ways; for
example, like humans we know they experience pleasure and pain. Perhaps
because of such similarities, an extended theory of justice could see humans
as stewards of non-humans, as is widely discussed in environmental ethics
literature. Nonetheless, for our purposes we do not need such a concept of
justice for non-humans because intergenerational justice implies sustain-
ability, sustainability implies the observation of biophysical constraints, and
observation of biophysical constraints implies a general non-elimination of
species.

Sustainability and Biophysical Constraints

In order to achieve sustainability, each generation must have equal access to
the natural resource base. However, at any depletion rate of nonrenewable
resources it is impossible for the resource base to be equal across genera-
tions. As a solution, Page argues that the use of a severance or depletion
tax, imposed in proportion to the rate at which resources are depleted, will
be an incentive for substituting renewable resources for exhaustible
resources, as well as increasing the efficiency of use for those resources that
are consumed. This analysis is flawed because it “assumes that real resource
prices are reasonable indicators of resource scarcity.”[14] Two other
approaches regulated by the laws of thermodynamics can serve as satisfac-
tory alternatives. First, the amount of renewable resources extracted should
never exceed the rate at which the earth replenishes these resources unless
substitution with other renewables is possible. Second, wastes should not
be emitted at levels that exceed the earth’s capacity to absorb them. 

Economist Kenneth Boulding reminded us of the First Law of Thermo-
dynamics, which says that matter cannot be created or destroyed. In an eco-
nomic context this implies that whatever is extracted from the environment
will return as waste. Thus the rate of resource extraction is limited by both
the absorptive capacity of the earth’s environment and the rate of regener-
ation. The economic implications of the Second Law of Thermodynamics
have been outlined by Georgescu-Roegen. This law states the impossibility
of total recycling, which is prohibited because of entropy. The phenome-
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non of entropy, in the context of sustainability, emphasizes the rules per-
taining to the absorptive capabilities of the earth’s environment, because
the extraction of resources in their low-entropy states leads to the emission
of high-entropy waste, that is difficult for the environment to recycle. Thus,
wastes should be emitted at or below a level that the environment can
absorb.

Economic Society and Sustainability

We now need to discuss whether existing economies (free market, mixed,
planned) have any mechanisms for achieving and maintaining sustainability.
Truly free market and truly planned economies do not really exist in the
world, so we will discuss modified market economies and modified planned
economies. 

Modified market economies tend to deal with environmental problems
by regulating pollution and resource depletion through polluter and deple-
tion taxes. In actual fact, many economies regulate pollution but encour-
age resource depletion. This reflects the conventional lack of understand-
ing of the linkages between resource use and waste disposal. Modified
planned economies, in which environmental externalities are supposed to
be accounted for in the planning process, assume that the environment is
something that can actually be controlled and planned by humans, ignor-
ing strict biophysical constraints.

Neither economic structure has built-in mechanisms for sustainability.
For a modified market economy to be sustainable, the public sector would
need to operate planning procedures within ecological constraints, and
prices would have to somehow incorporate the overall objective of sustain-
ability. For a modified planned economy “it would be necessary for the
planner explicitly to acknowledge the biophysical constraints and to secure
planning objectives only within those constraints.”[17]

Finally, “sustainability as intergenerational fairness” can not be achieved
through the conventions of planned, market, or mixed economies. We
must strive to define and develop an economy that is “ecologically
bounded,” with “sustainability as intergenerational fairness” as the founda-
tion for such an endeavor.
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Summary of

The Case for Methodological Pluralism
by Richard B. Norgaard

[Published in Ecological Economics 1 (February 1989): 37–57. Reprinted
with kind permission from Elsevier Science B.V., Amsterdam, The Netherlands.]

Scholars and practitioners in the developing field of ecological econom-
ics are committed to drawing on ideas from both ecology and economics.
The study of ecosystems is traditionally conducted through models of pop-
ulation dynamics, nutrient webs, energetics, foraging and reproduction
strategies, and co-evolution. Economics is studied through the under-
standing of political economy, markets, institutions, input–output tech-
niques, accounting, and monetary and Keynesian models. Ecology provides
links to other natural sciences, and economics to other social sciences, and
each offers a number of methodological approaches to help in the evolu-
tion of ecological economics. However, there are conflicts between the two
fields as well, especially between what each has historically seen as the right
way of asking questions and arriving at answers, and in the methods each
has for predicting consequences. This article argues that there cannot be a
single right way of knowing and predicting, and therefore calls on the field
of ecological economics to adopt methodological diversity and a culturally
adaptive approach.

Essence, Change, and Methodology

Economics and ecology explore systems in a manner sufficiently similar that
there have been important conceptual transfers between them. However,
economists and ecologists have very different world views, which result in
different concepts of how people should relate to their environment. It is
unlikely that the divergence in world views will be resolved by the theoret-
ical similarities that exist. 

The dominant model adopted by Western economists is that of the mar-
ket. Economists have developed highly sophisticated mathematical and
econometric techniques to understand how markets link individuals who
are suppliers of labor, capital, and land with demanders of products and
services. Many economists are convinced that the market model provides
insights into the functioning of markets, economic efficiency, and policy.
Critics argue that, mathematical sophistication notwithstanding, the mod-
els are simplistic and can be used to tell any desired story. However, the
market model is not the only economic model that economists use. His-



Richard B. Norgaard 63

torical, institutional, and Marxian models are still dominant in a few schools
of thought in the West.

It is more difficult to trace the development of methodologies in ecol-
ogy. This is due in part to the relative newness of the field, as well as to the
less clear demarcations between the biological disciplines, all of which have
influenced ecology. A distinct methodological literature in ecology has
developed only recently.

Logical Positivism and Methodologies in Economics and 
Ecology

Logical positivism forms the basis of the relationship between science and
society in the West and the modern parts of the developing world. This
movement toward finding universal truths started in the period of the
Enlightenment. The notions of objectivity and universality that dominated
nineteenth century inquiry further influence today’s thought. Individual
disciplines, working separately, are all working toward a consistent set of
laws about the nature of all things. Gaps between disciplines, it is argued,
can be bridged by interdisciplinary work.

This presumed positive knowledge influences the way the scientific estab-
lishment operates and the role of scientific knowledge in policy making.
However, in reality, the different types of knowledge, values, and images
within different disciplines that inform the development-versus-environ-
ment debate have eroded the alliances of the past.

A taxonomy of methodological beliefs will help compare different
methodologies in economics and ecology. The taxonomy takes four key
assumptions of logical positivism and classifies methodologies according to
whether or not they make these same assumptions. This exercise will help
bring out the methodological richness of economics and ecology, showing
how each discipline approaches problems that do not fit the assumptions of
logical positivism.

The four key assumptions of logical positivism that guide the work of
most economists and ecologists are:
(1) methods of understanding reality are independent of culture;
(2) reality is independent of methods of understanding;
(3) reality can be understood in terms of universal laws; and
(4) reality can be understood in terms of one set of universal laws.

Logical positivism underlies the methodological approaches of most
modern schools of economic thought, including mathematical economists,
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Marxists, and institutionalists. An important exception was the German his-
torical school. This school contended that everything social was condi-
tioned by history and differed from place to place, and it argued against the
adoption in the social sciences of the positivist, value-free methodology of
the physical sciences. Much of the current methodological diversity in eco-
nomics can be traced to the “Methodenstreit” debates between the Ger-
man historical school and the positivists. The field of ecology, on the other
hand, utilizes a diversity of methodologies, which can be traced to the influ-
ence of biology and the long tradition of direct observation in the field.

Methodological diversity within and between economics and ecology can
be related to the taxonomy of methodological beliefs in the following ways:

(1) Methodological dependence on culture: Marxists, neoclassicists, and in-
stitutionalists have sought culture- and value-free explanations. Agroe-
cologists, on the other hand, acknowledge the ways in which culture
affects method.

(2) Dependence of reality on methodology: Economists and economic think-
ing have a heavy influence on the shape of the economy. The situation
is similar in agroecology. 

(3) Knowledge is universal or useless: In economics, neoclassicists continue
to believe that universal policy recommendations can be drawn,
although no universal laws (except that of the downward sloping
demand curve) have been found. Institutionalists, on the other hand,
argue that knowledge is specific to the situation. Ecologists differ
among themselves on the issue, but in general they would like to seek
universal laws tempered with pragmatism.

(4) On the unity of knowledge: Some economists have argued that the neo-
classical model can be applied to explain history, politics, and sociol-
ogy, but this view is rather recent. Most recognize the limitations of
economic theory in realms beyond explaining markets. Institutionalists
have always acknowledged the importance of history, politics, and cul-
ture as components of economic explanations, rather than as chal-
lenges to their theories. Ecologists tend to accept that different theo-
ries can explain different phenomena. Some ecologists argue that an
eclectic, interpretative methodology is more suitable for use in eco-
logical and evolutionary theorizing than is logical positivism.

The above analysis of economic and ecological methodologies shows that
a variety of methodological positions exist that are not rooted in logical
positivism.
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The Costs of Methodological Poverty

The methodological diversity of ecology has helped it to be more scientific
than economics. Both economics and ecology have used theories that have
been shown to be logically inconsistent. However, due to a lack of method-
ological alternatives, economics has failed to address this problem, while
the methodological diversity in ecology has helped it respond to the chal-
lenge.

In ecology, when “diversity stability theory” was shown to be logically
inconsistent there followed an intensive rethinking that led to a better
understanding of how different types of diversity related to different defin-
itions of stability. When the logical consistency of neoclassical economics
has been questioned, however, the implications of the arguments have been
discussed for a while, but then ignored. For example, it has been shown
that gains from free international trade depend on a set of conditions that
never exist in the real world, yet free trade is advocated. Similarly, Lipsey
and Lancaster1 demonstrated that economic prescriptions must be tailored
to specific circumstances except in the rare case where all but one of the
assumptions of market theory hold. Yet neoclassicists continue to make uni-
versal recommendations based on this theoretical framework, without pay-
ing heed to the specifics of a given situation. Ecologists have been able to
rethink their position, while economists could not, because ecologists are
methodologically more accustomed to thinking that knowledge can be spe-
cific.

The Case for Conscious Methodological Pluralism

For a better understanding of the interplay between economies and ecosys-
tems, a methodological stance should be adopted in which both groups are
conscious of the advantages and disadvantages of their own methodologies
and of those used by others. Tolerance should be shown toward diverse
approaches. The reasons for such a “conscious methodological pluralism”
are:

(1) Logical positivism is inappropriate but necessary. It is inappropriate
because it denies that how we think affects cultural and ecological sys-
tems. It is necessary because it is through the lens of logical positivism
that most other people perceive things in the modern world. Thus,
while using the logical positivist arguments, we must be aware of their
problems and attempt to develop more appropriate methodologies.
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(2) It is too early to limit methodologies in ecological economics.
(3) Pluralism makes sense. Given the complexity of the interactions con-

cerned, there clearly cannot be one best and all-encompassing per-
spective for understanding them.

(4) Pluralism prevents brash action. It provides a variety of insights on
complex issues, rather than taking only one insight to be the answer.

(5) Pluralism can help sustain biological and cultural diversity; i.e.,
methodological diversity supports real-world diversity.

(6) Methodological pluralism allows more people to participate in the
analysis, rather than only the few who are technically endowed to
understand a specific methodology.

Note
1. R. Lipsey and K. Lancaster, “The General Theory of One Second Best,” in

Review of Economic Studies, 24(1956): 11–32.

Summary of

Economics and Ecology: A Comparison of
Experimental Methodologies and Philosophies

by Jason F. Shogren and Clifford Nowell
[Published in Ecological Economics 5 (May 1992): 101–126. Reprinted

with kind permission from Elsevier Science B.V., Amsterdam, The Netherlands.]

Views of the proper roles of experiments in environmental economics
and ecology have developed quite differently. Until recently, the primary
engine of research in ecology has been observation-induced description,
while in economics it has been theory-induced propositions. From a philo-
sophical or methodological perspective, the ecologist’s focus on description
appears pragmatic while the economist’s focus on the axiomatic has evolved
from logical positivism. Pragmatism implies that methods and choices
result from the workability of common sense rather than from formal rules
of evidence. This can result in a broad methodological base of competing
theories without a hierarchy of theoretical axioms, laws, and “truths.” By
contrast, the logical positivism of economists rests on two key assumptions:
an objective world view and a value-neutral scientist. In such a paradigm,
science can only advance if there is an explicit dichotomy between fact and
value. This positivism has led economics to a definite hierarchy of theories
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based on the neoclassical paradigm, and an assumption that this well-
defined theoretical structure is inherently correct, thereby eliminating the
need for observation.

Theory Versus Experimentation

Ecologists have developed a broad foundation of competing methodolo-
gies in which observation and description are the focus, with abstract the-
oretical work coming second. Armed primarily with the laws of thermody-
namics and the evolutionary theory of natural selection, ecology
emphasizes observations of the natural environment in both bottle experi-
ments and natural variations. These observations are mediated through
organized, formalized models of the structure and functions of a complex
system. Clearly this amounts to more than a “stroll through the forest,” yet
given the extraordinary complexity in ecosystems, ecologists are still far
from establishing universal laws.

Some ecologists, such as Lotka, Volterra, and May, have attempted more
rigorous modeling. Although the complexity of ecological systems makes
the use of mathematical theory difficult, it is not impossible. By developing
propositions that identify the key aspects of the natural system, formal the-
ory can reject earlier anecdotal evidence from direct observation. There is
thus an antagonism between mainstream, pragmatic, field-oriented ecolo-
gists and mathematically inclined theoretical ecologists, leaving the latter
largely isolated from the mainstream.

The hold of logical positivism on the sciences has been in decline for
decades, but it has left a lasting effect on economics: a methodological par-
adigm of theory-without-measurement. It is presumed that a well-argued
theory, based on explicit, logically consistent assumptions, will lead to spe-
cific correct conclusions—what is there in a theory to test? Armed with
axiomatic logic and mathematics, economists have often failed to go
beyond logic or theory to observational empirical work. However, despite
the benefits of formal theory for clarifying hypotheses and providing rigor-
ous definitions of assumptions, there is growing discomfort with theory for
theory’s sake. This has led to the increased use of experimental methods
which, though not totally accepted, are increasingly acknowledged as a
low-cost method to isolate and examine abstract theories of individual
behavior.

The basic difference between these two fields is the view of the proper
place of experimentation. Mainstream ecologists accept experimentation,
often at the expense of theory, while mainstream economists do the oppo-
site. There appears to be a need to approach the middle ground in both dis-
ciplines.
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The Objective Function: Well Defined or Uncertain?

One basic reason for this divergence is that economists and ecologists dif-
fer in their assumptions regarding the objective function of a model, which
describes the cause–effect or dose–response relationship between inputs
and outputs. The ecologist’s view is that the objective function is unknown,
and the major experimental focus is on trying to describe or define how the
function works. A major reason for this approach is that often little is
understood about the relationship between the cause and effect—for exam-
ple, the hotly debated impact of acid deposition on ecosystems. A second
reason is that the overall complexity of the ecosystem does not lend itself
to axiomatic descriptions.

Economists’ perceptions of the objective function are quite different.
They generally assume that the objective function is well defined, based on
fundamental theoretical axioms of preference or production. They argue
that since the market embodies all of the relevant information of the
dose–response relationship, specific attempts to observe these relations are
not necessary. The key question then is whether or not the basic axioms 
are satisfied. In the case of utility theory, there is increasing evidence that
the answer is no, as both psychologists and economists turn up evidence of
systematic deviations of individual choice behavior from the predictions of
utility theory. Increasing recognition has been accorded to the argument
that economists must step back and further explore the workings of the
objective function through direct observation, much like the ecologist.

Experimental Methods in Environmental Economics

Today, experimental research in environmental economics falls into two
broad categories: institutional and valuation. Institutional experiments con-
sider the efficacy of alternative mechanisms to reduce the negative impacts
of pollution. Valuation experiments examine individual preferences or val-
ues for non-market environmental goods. The former have largely
remained in the lab, while valuation work has generally been conducted in
the field through the use of surveys and bidding games.

The foundation for institutional experiments on environmental issues is
found in the public choice literature, and it is based on two notions. First,
social policy analysis should evaluate the relative efficiency of alternative
institutions in the face of market failure. Second, it is believed that princi-
ples of rational choice are central to the behavior of social institutions. Fol-
lowing the general public choice viewpoint, institutional experiments have
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focused on alternative mechanisms for efficient control of externalities such
as pollution. The experiments, which examine the efficiency of market-
based incentives relative to traditional command and control regulations,
have indicated that the former are more cost effective in achieving identi-
cal levels of pollution abatement.

Valuation experiments have utilized the contingent valuation (CV)
method. A CV experiment estimates the economic benefit of a public good
through the construction of a hypothetical market. By carefully construct-
ing understandable preference-revealing mechanisms, benefits are deter-
mined through surveys or interviews that elicit a respondent’s implicit price
for a good. CV experiments are flexible, relatively inexpensive, and can con-
struct markets where none currently exist.

Although CV use has expanded rapidly, the method has significant draw-
backs and many detractors. Most questions center on the hypothetical
nature of the “market” being probed in CV, and the minimal formal eco-
nomic theory presently extant to guide researchers in understanding how
individuals form values in CV contexts. In response, both psychologists and
economists are now attempting to provide a more rigorous structure to
CV. Given concern over CV biases and the value formation process, econ-
omists have turned to laboratory experiments to isolate and control the
preference revelation mechanisms. The introduction of more controlled
settings in which experiments can be replicated under similar conditions
should help to increase acceptance of this valuation research.

Lessons from the Desk and the Lab

Economic experiments are designed primarily to test specific economic the-
ories. Though economic theory provides a rich body of material and
testable hypotheses, most experiments are based on a few critical behavioral
assumptions. Economists need observation-based research to examine
these assumptions.

The comparative advantage held by economics over ecology is the long
tradition of theoretical modeling. Experimentalists need to recognize that
modeling helps theories to mature, encourages consistent use of terms,
checks unstated assumptions or boundary conditions, and reduces the
derivation of opposite conclusions from the same theory. In addition, ecol-
ogists must at times leave their field experiments in complex environments
and go back to the lab to evaluate specific hypotheses under controlled con-
ditions.

The field of ecological economics allows both the pragmatist and the
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positivist to converse over the relative merits of integrating their ap-
proaches. Relaxing methodological constraints can lead to higher rewards
for both groups.

Summary of

Interdisciplinary Research Between Economists and
Physical Scientists: Retrospect and Prospect

by Malte Faber and John L.R. Proops
[Published in KYKLOS 38 (4th Quarter, 1985): 599–616. Reprinted with 

kind permission of Helbing & Lichtenhahn Verlag AG, Basel and Frankfurt/M.]

Problems of environmental pollution and energy shortage have stimu-
lated interdisciplinary work between economists and physical scientists.
This cooperation has resulted in many economists developing an under-
standing of the physical underpinnings of economies, and many physical
scientists realizing that problems of pollution and energy shortage have
social and economic aspects. However, this cooperation has led to some
mutual incomprehension and hostility between the disciplines as well.
Interdisciplinary research and cooperation between economists and physi-
cal scientists are urgently needed, although they will be difficult to carry
out.

Economists and Physical Science

Economists have a long tradition of employing concepts and methods from
the physical sciences. Physical analogies have been used by Proops, Walras,
Edgeworth, and Samuelson, among others. Analogies have been drawn to
the central concept of thermodynamics—entropy—in measuring industrial
concentration, inequalities of income and employment, and geographic
concentration. Another analogy used has been that of “gravity models” in
regional economics. There is a move to supplant mechanical analogies with
“organistic” analogies, because the economy is more like a self-regulating
and developing organism than a mechanical system. 

The use of analogies has not been the only method of interaction
between the two disciplines. Jevons1 considered the importance of coal to
the British economy and its shortage as a constraint upon industrial activ-
ity. Georgescu-Roegen2 has stressed the irreversibility of the productive
process and the long-run constraints on economic activity due to finite
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exhaustible resources. These authors are concerned with the physical limits
to social activity; for example, fuel reserves and environmental pollution
have interested economists in recent years.

A third and more general relationship between economics and thermo-
dynamics is also being explored. In this case, the question is whether
economies can be viewed as similar to dynamic structures, which maintain
a constant relationship with their environment via active internal processes.

Physical Scientists and Economics

In the early days of the energy crisis, a view commonly held by physical sci-
entists was that value must derive only from energy, as energy is the only
factor of production that is, in principle, nonsubstitutable. However, with
many studies showing that labor and capital can, to some extent, substitute
for energy, and that energy can be augmented in production by technical
progress, physical scientists have come to see that energy is not the only fac-
tor in modern economies worthy of study.

Energy, Time, Irreversibility, and Entropy in Economics 

All physical processes relevant to the functioning of economies require
energy, involve time, and are irreversible, but these concepts have not been
given the attention that they deserve in economic theory. Dynamic eco-
nomic analysis does include the time factor, but it does not deal with the
irreversible nature of physical processes. The concept of entropy can incor-
porate these three aspects simultaneously, and it can be applied to an analy-
sis of resources and the environment. In addition, rather than dealing with
time as a mere parameter, the thermodynamic approach forces one to con-
sider real, irreversible time. 

Koopmans3 introduced the postulate of the irreversibility of economic
processes: “It is not possible to run some or all activities at positive levels
such that the joint effect of the net output is zero for all goods.”1 This pos-
tulate essentially suggests that the manufacturing of commodities cannot be
reversed in time. This irreversibility follows from the Second Law of Ther-
modynamics. Economists have also shown that an implication of the Sec-
ond Law is that you cannot get an output without an input. Georgescu-
Roegen has extended this idea to argue that outputs can be obtained only
at a greater cost of low entropy. While economists are beginning to accept
irreversibility as an axiom, the physical meaning of irreversibility has yet to
be fully internalized in the conceptualizations of most economists. 
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A knowledge of thermodynamics offers many new insights into an under-
standing of issues in environmental and resource economics. Energy can be
divided into useful energy—that contained in foodstuffs and fuels directly
used for man’s subsistence—and primary energy sources—for example,
solar or fossil energy. Primary sources of energy can be transformed by man
into useful energy. Until the beginning of the nineteenth century land was
used to transform solar energy into useful energy. As populations increased,
land became scarcer in Europe. Over the last 150 years, industrial develop-
ment has required the extraction of fossil fuels and minerals as the princi-
pal source of useful energy. Thus land becomes a limiting factor in an even
broader sense, i.e., as a surface, as a supplier of resources, and as a receiver
of pollutants. Economists have paid attention to the first aspect, but not to
the other two. Since the extraction of resources and the disposal of waste
increase the entropy or the disorderliness of the system, entropy can be
used to connect theories of environment and of resources. The thermody-
namic approach is also a way for economics to build a biophysical founda-
tion to understand long-run, macro-level issues, for which the price system
does not provide a complete solution.

Physical Constraints, Technical Progress, and Social Change

Economists perceive limitations to economic activity as essentially social in
nature. Physical scientists see economies as limited by physical constraints.
Both of these viewpoints are valid. Physical constraints generate social
responses in the form of technical and social adjustments which move the
economy away from the constraint. Thus social transformations, technical
change, and physical constraints form a web of recursive interrelationships.
Analysis of social and economic activity must integrate technical progress,
while physical constraints must be seen as not only influencing human
activity in the long run, but also as prominent determinants of social
change. 

Interdisciplinary Research: Difficulties and Some Tentative
Solutions

While the urgency of interdisciplinary work is accepted, psychological and
institutional factors impede such cooperation. Some of these factors
include:
(1) discouragement from peer groups—either fellow economists or physi-
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cal scientists—as work across disciplines is viewed as less “serious” than
work within a single discipline;

(2) often harsh criticism of such research, as the criteria used to evaluate
new interdisciplinary work is the same as that used to evaluate research
in an established field;

(3) difficulty in finding researchers to collaborate with;
(4) differences in the languages and foci of each discipline that make com-

munication difficult;
(5) shortage of journals that publish interdisciplinary research; and
(6) time-consuming learning needed to begin crossover work in a new

field.

In the long run it is necessary to establish a wider vision by dissolving
established conceptual frameworks. In the meantime, more interdiscipli-
nary conferences, symposia, and seminars must be conducted to bring
together interdisciplinary researchers. Training toward interdisciplinary
work should be given at the elementary, undergraduate, and graduate
levels.

Notes
1. W.S. Jevons, The Coal Question (London: Macmillan, 1865).
2. N. Georgescu-Roegen, The Entropy Law and the Economic Process (Cam-

bridge, Massachusetts: Harvard University Press, 1971).
3. T.C. Koopmans, “Analysis of Production as an Efficient Combination of

Activities,” in Activity Analysis of Production and Allocation, ed. T.C. Koopmans
(New York: J. Wiley, 1951), 48; cited by Faber and Proops, 604.

Summary of

Rethinking Ecological and Economic Education:
A Gestalt Shift

by Mary E. Clark
[Published in Ecological Economics: The Science and Management of Sustainability,
ed. Robert Costanza (New York: Columbia University Press, 1991), 400–413.]

Leaders in many less-developed parts of the world believe that the West
has solved all the old economic and social problems, and that if the pre-
scriptions of the West are followed, their problems will also be solved. What
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they fail to notice is the environmental destruction and social disintegration
that Western economic behavior causes. This article discusses two systems
of social organization, one based on competitive individualism (Gestalt I)
and the other based on the concept of community (Gestalt II). The author
concludes that Gestalt II is essential for global sustainability and offers
some implications for education in the principles of Gestalt II.

Gestalt I: Linear Progress and Competitive Individualism

By the 1500s, long-standing hierarchical systems in Europe started disinte-
grating, giving way to a new world view based on new assumptions about
human nature and the social order. Contracts between self-centered, com-
petitive individuals with a right to property were viewed as the foundation
of societies. Self-interest and competition were seen as ways of maximizing
a nation’s wealth. Wealth and power were a sign of virtue, and the pursuit
of utility and pleasure became the supreme goal of life.

This view of the world has led to problems. Its driving force, material
reward, demands constant growth, which results in constant stimulation of
throughput. This has run head-on into environmental limits. Other prob-
lems that have resulted from this competitive structure are psychological in
nature. The pursuit of rank, power, and ability to consume have destroyed
meaningful community, creating psychic angst throughout all levels of soci-
ety. Finally, competitive individualism has led to misconceptions in our
understanding of evolutionary and ecological processes. We have mistak-
enly taken evolution to represent a continuum of “progress” from lower to
higher states, with humans at the top. An even more pervasive misconcep-
tion is that “competition” underlies all of Nature. It must be understood
that evolutionary success is not a matter of winning, but one of “fitting in.”

Neoclassical Theory and the Problem of Values
Economics as a discipline has ignored or simplified the relations between
economic activity, Nature, and the human psyche. Different definitions of
value notwithstanding, market prices are the single yardstick of value. One
problem with this approach is the conflating of the trivial and the life-giv-
ing, and of “costs” and “benefits.” Another is how one assigns “prices” to
social relations, the environment, and other “goods” that fall outside the
market economy. Economists seek to solve this problem by commoditizing
everything and attaching a price. Where prices cannot be obtained directly,
they invent shadow prices. However, when assigning shadow prices to the
loss of a forest, for example, economists tend to estimate transactional
prices, not the price of long-term social “income.” While less arbitrary mea-
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sures of value have been suggested for material objects (e.g., embodied
energy), no numerical value can be assigned to our affective relations with
our surroundings or with each other.

Gestalt II: Dominance of Community/Environment Relations

An alternative gestalt views economic activities and material consumption
as a link between Nature and human community. The establishment of
viable societies or sustainable ecosystems requires a deep understanding of
human nature, its needs, and its proper relationship with Nature as a whole.

Desired Environmental and Social Goals
The achievement of sustainability is the environmental goal, and this can
apply to either the global environment or local and regional resources. The
former implies a “top down,” centralized management style under the
direction of existing international power structures. Such a system may be
needed in the short run to deal with climate change and other global con-
cerns. However, in the long run effective global management depends on
responsible management of local ecosystems, making use of the available
knowledge base to answer questions such as “what is local sustainability?”
and “who is concerned about maintaining it?”

Fikret Berkes and M. Taghi Farvar1 point out that the usefulness of the
knowledge of local people can far exceed that of scientific “experts.” Tra-
ditional knowledge and cultural wisdom are usually ignored when a system
is managed by such outsiders. The challenge is to integrate scientific and
traditional knowledge. However, there is little motivation for outsiders to
maintain sustainable local systems, since they can continuously move else-
where to achieve their aims, as the multinational corporations have done,
for example.

Regarding social goals, it is wrong to describe human needs as a “hierar-
chy” in a Maslowian sense. Such a view takes the isolated individual as the
point of reference. Yet the sociology of non-human primates, as well as our
own social context, shows that bonding, affection, and social acceptance are
primary needs. If the survival of the planet depends on providing people
with a sense of community, then the West must abandon competitive indi-
vidualism and insatiable acquisitiveness and move toward a communally
based society with shared social goals.

In the West, the degradation of communally owned resources is seen as
inevitable due to the “tragedy of the commons.” Berkes (1989) provides a
number of examples in which the sustainable use of communally managed
resources does occur. It is when social arrangements break down that the
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resource base may diminish. Thus, if local sustainable development is the
aim, then there is a strong argument for strengthening communal property
regimes over private property regimes.

Implications for Education

Education must play a significant role if we are to move toward a world
view based on Gestalt II. Education is needed in the ecological principles
of sustainable systems and in psycho-social factors creating sustainable soci-
eties. The following are proposed curricular approaches to global educa-
tion:
(1) Impart a basic understanding of the principles of energy flow and dis-

sipation; material recycling; services provided by “guilds” of organisms
such as nutrient and water retention, pollination, pest-controlling
species, etc.; unexpected positive feedback mechanisms;2 principles of
island biogeography; and species survival.

(2) Study the knowledge base of indigenous societies that have success-
fully managed resource systems for millennia.

(3) Develop an understanding of the complex and reciprocal relations
among soil, vegetation, and climate.

(4) Identify and understand the sources of the economic expectations of
people in the North, and make an effort to reconcile these expecta-
tions with a sustainable level of economic development; this will
require a far higher level of popular understanding of how modern
industrial economies interface with the natural world.

(5) Assist in the development of sustainability in the South through build-
ing a grounding in cultural anthropology, co-evolutionary social the-
ory, and human needs theory. 

To bridge from the present to the future we first need to critique current
economic theory, redefining “wealth,” and clarifying “costs” and “bene-
fits.” We then need to weave together new social theory, economic theory,
and ecological theory into a comprehensive alternative gestalt that lays the
groundwork for development of sustainable local communities globally.

Notes
1. Fikret Berkes and M. Taghi Farvar, “Introduction and Overview,” in Common

Property Resources, ed. Fikret Berkes (London: Belhaven Press, 1989).
2. “Positive feedback” does not mean beneficial, but uncontrolled and destabi-

lizing.
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Summary of

Industrial Ecology: Reflections on a Colloquium
by Jesse H. Ausubel

[Published in Proceedings of the National Academy of Sciences 
89 (February 1992): 879–884.]

Industrial ecology can be defined as “the network of all industrial
processes as they may interact with each other and live off each other, not
only in the economic sense but also in the sense of direct use of each other’s
material and energy wastes.”[879] This article discusses ten fundamental
questions that should shape the field of industrial ecology, spanning the
fields of philosophy of nature, history of technology, science, engineering,
economics, and management.

(1) Do Sociotechnical Systems Have Long-Range 
Environmental Goals?

While societies set broad goals such as poverty reduction, universal educa-
tion, and health care, other sociotechnical systems such as agriculture,
transport, energy, and production seem to evolve without a long-range pur-
pose. This evolution results from the interactions among strict rules of
choice at the micro level. Economic systems are inherently short-sighted
and do not help direct sociotechnical systems toward long-range goals.
Industrial ecology can provide direction toward a better environment by
aiding in the coordination and creative design of the economy. This field
can promote reduction of pollution and throughput, and it can help deter-
mine which technologies, products, and enterprises should survive.

(2) How Is the Concept of Industrial Ecology Useful and Timely?
Three fields—ecology, economics, and chemical engineering—lay claim to
an understanding of the dynamic flows of energy, resources, and informa-
tion. Industrial ecology should synthesize the perspectives of all of these
fields to incorporate what is valued in economics, to expand the domain of
engineering design, and to integrate our understandings of ecology and of
the human-made world. The role of industrial ecology is especially impor-
tant given the scale and rate of growth of the economy and the resulting
emissions, pollution, and waste. An understanding of the complex interac-
tions between different systems will help us identify methods to make waste
products useful.

(3) What Are Environmental Technologies?
There are still no definite criteria for identifying environmental technolo-
gies. At present there are many definitions. Some include technologies that
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improve the environment relative to present practices, while others focus
on technologies that prevent pollution, provide remedies, or conserve
resources.

(4) Is There a Systematic Way to Choose among Alternatives 
for Improving the Ecology of Technologies?

The crux of industrial ecology lies in the search for technologies that reduce
throughput in the production process in an efficient manner. This involves
both the use of materials with suitable properties at the outset, as well as
consideration of the end-of-life recyclability. Industrial ecology needs to
explore whether there are systematic ways of transforming present tech-
nologies to achieve these desired results, and also whether potential pollu-
tion problems can be foreseen when technologies are being developed.

(5) What Are Ways to Measure Performance 
with Respect to Industrial Ecology?

Performance with respect to industrial ecology can be measured by identi-
fying major transitions expected in the relevant processes, and using these
as a base. This is similar to the way in which transitions are used in other
fields—for example, the demographic transition identified when fertility
rates start to decrease, or the labor force transition signified by a decline in
agricultural workers. One transition that can be used as an indicator for
industrial ecology is the shift from materialization to dematerialization, i.e.,
to a decrease over time in the weight of materials or “embedded energy” in
industrial products. Another transition could be the shift to decarboniza-
tion of the energy system, i.e., a shift from an increasing to a decreasing
ratio of carbon to total energy used for economic activity. Industrial ecol-
ogy should move toward both hastening and analyzing these transitions.
Moral and aesthetic criteria should also be included in the evaluation of
industrial ecology processes.

(6) What Are the Sources and Rates of Innovation 
in Environmental Technologies?

Industrial ecology should also explore how environmental innovations
come about and how they get diffused. How much can one rely on mar-
kets and entrepreneurs? What role should targeting and planning play in
the development of environmental innovations?

(7) How Is the Market Economy Performing 
with Respect to Industrial Ecology?

Environmental concerns have not been well served by the market, primar-
ily because social environmental costs are not easily internalized in market
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transactions. Industrial ecology should consider five aspects of the interac-
tions between industrial processes and the economy:
(a) information structures that transmit information between the econ-

omy, the environment and economic agents;
(b) incentive structures, i.e., the social and economic rewards and penalties

for decisions that are faced by individuals and organizations;
(c) learning mechanisms within and between technologies and markets;
(d) selection processes, i.e., how consumers and producers can make better

choices of products and technologies; and
(e) control and power structures that monitor performance and limit the

range of acceptable behaviors in the economy.

(8) What Will Be the Effect of the Ecological Modernization 
of the Developed Nations of the North 

on the Developing Countries of the South?

The South is an exporter of energy and natural products to the North, so
increased environmental efficiency in the North may lead to a widening of
the economic gap between the North and South. The effects of the inte-
gration of world markets on the environment also need to be analyzed. So
far there has only been speculation about what these effects might be, and
no real insight has been gained. 

(9) How Can Creative Interaction on Environmental Issues 
Be Fostered among Diverse Social Groups?

Different social groups have different views on a number of issues that have
an impact on the environment, including myths of nature, views of
resources, scales of activity, aesthetics, notions of fairness, and risk. All of
these views must be considered and discussed to build a consensus on the
environment.

(10) How Must Research and Education Change?
There is a general feeling that the science and education that brought us to
our present state are inadequate to solve our problems. Science and educa-
tion must move in the direction of a holistic ecological perspective.
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Summary of 

Sustainable Development: A Co-Evolutionary View
by Richard B. Norgaard

[Published in Futures (December 1988): 606–620. 
By permission of the publishers, Butterworth-Heinemann Ltd. ©]

The challenges of sustainable development (SD) can be organized around
three themes:
(1) Modernization has been unsustainable because it relies upon a use of

limited resources, which damages the environment.
(2) Political consensus and bureaucratic mobilization will be more difficult

as declining faith in “progress” and growth make the hard choices
clearer. Western science is no longer viewed as a panacea, and the
decline of the belief in progress has enhanced opportunities for non-
Western cultures to define development for themselves.

(3) We are shifting from a mechanical to a co-evolutionary understanding
of systems, which helps explain why development has been unsustain-
able and what we must do to attain sustainability.

The Fall of the Idea of Progress

The idea of progress through the technical mastery of nature has been cen-
tral to western culture for many centuries. Beginning with the Renaissance,
through the demise of feudalism and the rise of capitalism, through the
maritime, scientific, and industrial revolutions, a linear image of develop-
ment has emerged in which each embellishment is tied to knowledge. The
spread of knowledge among the populace leads to its application in the
development of better technologies for exploiting nature, improved prod-
ucts, easier living, and new institutions for organizing people. This simple
image is what Third World peoples saw as they embarked upon the path of
development after independence. As economists espoused the wonders of
growth, the process was all too often presented as a positive-sum game in
which hard choices ultimately could be avoided. The calls for progress and
modernization were vague, yet they evolved into a meta-belief system—a
great carpet under which old belief systems and new contradictions were
swept for centuries.

Widespread belief in technical progress is increasingly in doubt. During
the twentieth century we have learned that new technologies not only
sequentially deplete resources, but they degrade environments as well. Fur-
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thermore, we have become attuned to how our own value systems, to say
nothing of those of non-Western peoples, are modified by development,
and how these changes in turn affect our choice of social organization and
technology. Finally, there is the growing awareness that the products of
these technologies do not necessarily enhance human happiness.

The Rise of an Alternative World View

The push for sustainability may be the beacon of another meta-belief sys-
tem as it becomes the clarion call of a new age. Broadly conceived, the call
for SD resonates with the rise of new understandings of environmental sys-
tems, technologies, social organization, value systems, and the ways in
which all these variables interact. With SD as a meta-belief we enter into a
wholly new realm. The changes in our understanding of these factors
deserve careful attention, for they indicate how the future will be different.

In this emerging world view, knowledge is intertwined with values, social
organization, technologies, and resource systems. People are beginning to
recognize that individuals have little identity apart from the organizational
or cultural systems of which they are a part. Thus, knowledge and values
are a part of the patchwork quilt of cultures around the globe, one in which
each patch is complex. No singular understanding is sufficient; rather, mul-
tiple understandings are required. 

Similarly, our understanding of resource systems and technology is
changing. Most ecosystems have been affected by human activity for mil-
lennia, and people have always been active agents in the evolution of
ecosystems. Understanding ecosystems requires an understanding of
how humans have influenced them over time. The notion that technol-
ogy is neutral with respect to values, organization, the environment, or
knowledge is also fading. Technology, by changing how we relate to each
other and to nature, has made some values more important and has sti-
fled others.

All of these understandings are giving rise to a co-evolutionary under-
standing of development. The intertwining of all these variables is more or
less symmetrical; no system dominates another, none provides a more obvi-
ous starting point for understanding the whole, and each can be under-
stood in the context of the others. This emerging world view is dynamic:
not only is each subsystem related to all the others, but each affects the evo-
lution of the others. This co-evolutionary interpretation gives us insights
into how development occurred before the use of hydrocarbons, as well as
into the nature of unsustainable development, and the challenge of the
return to sustainability.
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Defining Sustainability 

Calls for SD in the latter part of the 1980s are vague, and we need to nail
down the concept. Five increasingly comprehensive definitions are pro-
posed, emphasizing the sustainability of interactions between regions and
cultures. These are:

(1) Start at the local level and simply ask whether a region’s agricultural
and industrial practices can continue indefinitely. Will they destroy the
local resource base, environment, or people?

(2) Ask whether this locality is dependent upon nonrenewable resources
beyond its borders which are not being managed in a sustainable man-
ner.

(3) Ask whether the region is culturally sustainable, and whether it is con-
tributing enough to the knowledge and institutional bases of other
regions to balance its dependence upon them.

(4) Question the extent to which the region is contributing to global cli-
matic change.

(5) Inquire as to the cultural stability of all regions in combination. Are
they evolving along mutually compatible paths?

Formulating responses to the questions associated with each of these def-
initions is a major challenge. The transition to SD will be difficult and will
require:

(1) A positive sense of interdependence between individuals and cultures,
and the evolution of new alliances based on agreement on the appro-
priate paths to approach these problems rather than upon specific
issues or solutions.

(2) A changing political and bureaucratic environment, in which national
governments will play a diminished or at least a significantly different
role in the global arena.

(3) A new realm for policy processes in which there exists no prior agree-
ment on the key questions, appropriate frameworks, or basic facts—the
key will be to produce common understanding among people from
different disciplines and culture.

(4) Better information to smooth the process of reaching public deci-
sions—information that must come through contextual/interpretive
thinking.
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Summary of 

Sustainable Development: A Critical Review
by Sharachchandra M. Lélé

[Published in World Development 19 (June 1991): 607–621.]

The rhetoric of sustainable development (SD) has become increasingly
commonplace in the statements of those making or influencing develop-
ment policy worldwide. This rhetoric and the SD literature that drives it
are, however, afflicted by vagueness, inconsistencies, and oversimplifica-
tions. These weaknesses impede the formulation of fresh, consistent, and
effective policies, instead permitting the proliferation of programs that only
pay lip service to the concept. SD is in danger of becoming just a politically
expedient cliché, unless rigor and intellectual clarity replace the current
imprecision in the literature.

Mainstream Definition

SD is broadly understood as a form of societal change that unites traditional
development objectives with the objective of ecological sustainability.
Translating this general definition into specific policies requires the use of
a model of the environment–society relationship. The mainstream model in
SD thinking may be characterized as follows:
(1) Environmental degradation is severely reducing human well-being in

developing countries, and will have global implications in the long
run. The principal cause of this degradation is poverty, because the
poor have no option but to exploit resources for short-term survival.
Moreover, the poor are also often the first to experience the conse-
quences of environmental deterioration and neglect.

(2) Traditional development objectives (meeting basic needs, improving
factor productivity, etc.) need not conflict with the objective of eco-
logical sustainability; the latter is necessary for the permanence of the
former, while economic development will create the resources and
capacities for implementing environmentally sound policies. More-
over, environmentally sound methods are “profitable” in the long run,
and often in the short run as well.

(3) For any development program to succeed, even in the short run, it
must be based on a participatory process.
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Strengths

The SD movement has succeeded in promoting the idea that environmen-
tal conservation need not constrain development and that development
does not necessarily mean environmental pollution. The literature has high-
lighted many possibilities for combining the objective of ecological sustain-
ability (less resource use and less pollution) with those of poverty allevia-
tion and community participation, and even with motivations of long-term
self-interest. This approach has the potential to unite a broad spectrum of
actors and interests.

Weaknesses

There are significant weaknesses in the literature, however, that compro-
mise SD’s effectiveness as a paradigm of development. One clear problem
is the poor and incomplete characterization of the problems of poverty and
degradation. The mainstream conceptualization has emphasized a circular
process in which impoverishment and environmental degradation cause and
reinforce one another. It has failed to acknowledge that poverty and envi-
ronmental deterioration may both be the results of overconsumption, par-
ticularly in the North, and that all of these phenomena have deeper and
complex structural and cultural causes. Consequently, much of the policy
discussion focuses on techno-economic solutions: the adoption of “green”
technologies, reforming pricing and subsidy policies, etc. Socio-political
issues such as land reform or reduction of individual materialist tendencies
are either ignored or acknowledged only in passing.

Another difficulty has been the inadequate conceptualization of the
objectives of development, sustainability, and participation. The primary
goal of development is to ease the crushing burden of poverty in the South.
The SD paradigm presents economic growth as the means to reduce
poverty and achieve sustainability. Yet the links between growth and either
poverty alleviation or achieving environmental sustainability are not at all
clear. Indeed, the irony is that SD, a supposed synthesis of previous devel-
opment thinking, ignores its major lesson, i.e., the need to shift the focus
from economic growth to the meeting of “basic needs,” the reduction of
inequity, and the building of indigenous capacity at the community level.
Economic growth may be a product of SD, but the promotion of such
growth should not be viewed as an integral part of SD policies.

The concept of sustainability has expanded beyond the management of
renewable resource systems to embrace broader themes about the mainte-
nance of essential ecological processes, genetic diversity, and the optimal
utilization of nonrenewable resources. The concept does, however, remain
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disturbingly muddled as it fails to clearly answer the crucial questions: what
is to be sustained, how, and for whom? It is vital to understand the condi-
tions under which differing answers to these questions can or cannot be
accommodated—i.e., when the well-being of future generations can be
safeguarded simultaneously with meeting the needs and aspirations of
presently deprived communities and with the protection of non-human
species, and when trade-offs will be required. In trying to provide opera-
tional principles for achieving ecological sustainability, the literature not
only oversimplifies ecosystem dynamics but also loses sight of the complex
social conditions that substantially determine ecological outcomes.

Initial attempts to resolve the environment–development dilemma
emphasized equity and social justice as fundamental objectives. This
emphasis has been quietly dropped in favor of the politically less provoca-
tive concept of “local participation.” In practice, this is further reduced to
“the involvement of nongovernmental organizations.” Such “NGO-iza-
tion” is, however, hardly tantamount to true local participation. Even sig-
nificant decentralization of the decision-making process cannot by itself
guarantee just and equitable outcomes, as it leaves the distribution of
power unchanged. Finally, the relationship between equity, community par-
ticipation, and environmental sustainability bears greater examination.

Examples

With all this confusion in the terms and concepts in mainstream SD think-
ing, it is not surprising that many SD policies do not conform to the basic
idea of ecologically sound and socially equitable development. Three pol-
icy areas exemplify this point.

(1) International Economic Relations: An unreconstructed system of mon-
etary and trade relations continues to reproduce patterns of unequal
exchange and lopsided flows of resources to the North, undermining
the viability of SD in the South. Yet the International Monetary Fund
and the SD-friendly World Bank continue to foist draconian structural
adjustment programs on developing nations and to promote simplistic
free trade policies, measures more likely to exacerbate resource
exploitation, inequity, and environmental pollution in the South.

(2) Sustainable Agriculture: As one of the key elements of SD, it is ironic
that there is such confusion surrounding this concept. The terms sus-
tainable agriculture, low-input agriculture, and organic farming are
often used interchangeably, when in fact they are not the same thing.
Moreover, the focus on “agroecology” ignores the social conditions
necessary to ensure fair returns to rural factors while meeting urban
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food demand. The lack of a clear definition and agenda has resulted in
the continued domination of Green Revolution thinking and policies.

(3) Tropical Forests: Here a broad spectrum of institutions (Food and Agri-
culture Organization, United Nations Development Program, Inter-
national Bank for Reconstruction and Development, World Resources
Institute) have identified overpopulation, poverty, and ignorance as
the primary culprits in forest degradation. This analysis not only fails
to address the ultimate causes of poverty and population growth, but
also obscures the more significant causes of tropical deforestation, i.e.,
state-sponsored “development” schemes and logging policies.

Agenda

In trying to balance the need for rigor and steadfastness to fundamental val-
ues and the need for wider political acceptance and support, SD proponents
have tilted toward the latter and have adopted vague terminology, simplis-
tic world views, and inconsistent policy mixes. Such an approach, however,
is itself unlikely to be “sustainable.” Advocates and analysts of SD must:
(1) reject the idea of economic growth as the primary vehicle to achieve

SD;
(2) move away from neoclassical economic analysis and toward exploring

more relevant empirical questions and approaches;
(3) address the complex causes and consequences of poverty and environ-

mental degradation;
(4) understand the multiple dimensions of sustainability; and
(5) explore what patterns and levels of resource demand and use would be

compatible with different forms of ecological and social sustainability.

Summary of

Recovering the Real Meaning of Sustainability 
by Vandana Shiva

[Published in The Environment in Question, ed. David Cooper 
and Joy S. Palmer (New York: Routledge, 1992), 187–193.]

The term sustainable entered the economic development lexicon in the
1980s when people began to realize that economic growth and continuous
increases in per capita income were unsustainable. Instead of living up to its
promise to alleviate poverty, economic growth actually undermined eco-
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logical stability, thereby destroying people’s livelihoods and causing further
poverty. Moreover, development strategies have been based on the growth
of the market economy, even when large numbers of people operate out-
side of this network. The emphasis on the market economy has resulted in
the destruction of the other economies of nature’s processes and of peo-
ple’s survival, but this destruction is seen as nothing more than the “hid-
den negative externalities” of the development process.

The principles of ecology and survival that maintain and sustain life in
society have been neglected as the market and human-made capital have
been elevated to the position of the highest organizing principle. However,
modern economics and concepts of development are only of recent origin
in the history of human interaction with nature. Before the advent of mod-
ern economics, humans derived their livelihood directly from nature
through self-provisioning mechanisms based primarily on the principle of
sustenance. Under this system nature was regarded as a commons. Under
the market system, on the other hand, nature is viewed as a resource and is
exploited to increase profits and capital accumulation. Processes of nature
and society that are outside of the market system are not valued, leading to
the destruction of nature and of the material base for people who live out-
side of the market system. Thus the emphasis on market-related and mar-
ket-driven activities, undertaken in the name of economic development, has
led to underdevelopment and scarcity in the economies of nature and sur-
vival.

Sustainable development is being offered as a solution to the ecological
crisis that has resulted from economic growth and commercialization.
Unfortunately this concept is still embedded in the ideology of the market
system, resulting in the loss of the real meaning of sustainability. It is argued
that more growth—resulting in greater use of natural resources and higher
capital investment—is needed to solve the crisis at hand. The problem with
this approach is that it separates the ecological problems from the economic
problems. Strategies of economic growth lead to the destruction of nature,
exacerbating economic problems. The most widely advocated sustainable
development strategy suffers from three flaws:
(1) it assumes the primacy of human-made capital;
(2) it separates production from conservation, making conservation

dependent on capital; and
(3) it assumes the substitutability of nature and capital.

To understand the real meaning of sustainability we must realize that
nature’s economy is primary and the money economy depends on it. The
growth of markets and the resulting destruction of nature are at the root of
the sustainability crisis. To have truly sustainable development, production
and conservation should not be viewed separately, and ecological principles
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must be incorporated into the production and development processes. Fur-
thermore, the notion that human-made capital and nature are substitutable
must be abandoned. While it is true that human-made capital is created
from natural resources and life, the reverse cannot take place.

In conclusion, the word sustainable can have two meanings. The real
meaning refers to nature’s and people’s sustainability, where nature sup-
ports life. The second meaning is the sustainability of the market and the
production process, but this path cannot be followed forever as it destroys
nature, which is the primary source of support and sustenance.

Summary of

The Difficulty in Defining Sustainability
by Michael A. Toman

[Published in Resources No. 106 (Winter 1992): 3–6.]

The terms sustainability and sustainable development mean different
things to different people. In general, sustainability involves some notion of
respect for the interests of our descendants. Ecologists have taken this to
include preservation of the status and functions of entire ecological systems.
Economists have stressed the maintenance and improvement of overall
human living standards. 

There is also disagreement about the prospects for achieving sustainabil-
ity. Some scholars argue that in the past humankind, through resource sub-
stitution and technological progress, has avoided the specter of Malthusian
scarcity. Yet others believe that the human pressure on natural systems has
already passed sustainable levels. They argue that it is likely that the world’s
population will at least double before it stabilizes, and they cannot conceive
of ecological systems tolerating the consequences of the economic growth
that will be needed to support a decent living standard for this increased
population. It is difficult to determine where the truth lies and to identify
the appropriate strategies. Progress is hampered by disagreements about
basic concepts and terms of reference.

Key Conceptual Issues

There are differences of opinion between economists and resource planners
on the one hand, and ecologists and environmentalists on the other, with
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respect to at least two salient elements of the sustanability concepts: inter-
generational fairness, and what is to be sustained.

In economics, the standard approach for dealing with issues of intergen-
erational trade-offs is to discount the costs and benefits of future genera-
tions, as well as future receipts and burdens of the present generation. Dis-
counting is justified on the grounds that present benefits are preferred to
future benefits, and future costs to present costs, and that, from the point
of view of current decision makers, current receipts are preferred to future
receipts as they can be invested to increase capital and future income. Crit-
ics of discounting object to its excessively wide application. Ethical objec-
tions are raised when present generations exercise influence over future
generations. The capital growth argument is criticized on the grounds that
in many cases the environmental resources at stake are inherently limited in
supply. Critics also object to the preferences of an “average” member of the
present generation guiding resource use when such usage may threaten the
future well-being of the entire species. “Deep ecologists” object to human
values being at the center of the debate, arguing that other elements of the
ecological system have an equal moral right to be sustained.

If one accepts that the present generation has collective responsibility to
future generations, then the question is: what kind of social capital should
be transferred to future generations? Many economists view the natural
endowment, physical capital, and human knowledge and abilities as rela-
tively fungible. Thus degradation of the environment and ecosystem are
not seen as intrinsically unacceptable. The question is whether and what
sort of compensatory investments can be undertaken. Such investments
include human knowledge, technique, and social organization. Many ecol-
ogists and some economists, however, view such a position as untenable.
They point out that physical laws limit the possibility of substituting other
things for ecological resources. In addition, healthy ecosystems are seen as
offering resilience against unexpected changes, and degradation may be
irreversible.

Another area of disagreement on this issue is the appropriate level of geo-
graphical scale in considering resource substitutability. On the one hand,
the larger the geographical scale the greater the opportunities for resource
trade-offs. On the other, the smaller the scale the more attention can be
paid to unique attributes of ecosystems. This disagreement is especially
clear in considering the scale of human impact relative to global carrying
capacity. Ecologists believe this to be a serious problem and an immutable
constraint. Economists generally believe that substitution and technology
will arise from within the system to deal with problems of global carrying
capacity.
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Safe Minimum Standards

The concept of a safe minimum standard can be applied to concerns about
intergenerational fairness, resource constraints, and human impact. The
safe minimum standard posits a socially determined, albeit “fuzzy,” divid-
ing line between moral imperatives to preserve and enhance natural
resource systems and the free play of resource trade-offs. Suppose that the
damages to natural systems can be characterized by the size of their cost
and degree of irreversibility. The size of costs can be measured in terms of
opportunity costs (by economists) or as a physical measure of ecosystem
performance (by ecologists). The effects of irreversibility, which reflect
uncertainty, cannot be so easily monetized from an environmentalist per-
spective. The two are therefore treated separately. Following a safe mini-
mum standard, society would rule out actions that could result in natural
impacts beyond a certain threshold of cost and irreversibility. Central to the
safe minimum standards approach are the role of public decision making
and the formation of societal values. The safe minimum standard will be
defined differently by ecologists and economists, depending on judgments
about moral imperatives and the value of discounting, but the concept may
provide a useful frame of reference for discussion. 

Research Needs

There is great scope for interdisciplinary work to address some key issues
related to sustainability, including defining objectives, identifying con-
straints, and resolving the relevant disagreements. Economists could make
greater use of ecological information and the implications of physical
resource limits in an analysis of resource values. Social scientists can con-
tribute to an understanding of how future generations might value differ-
ent attributes of natural environments. Ecologists should provide ecologi-
cal information in a manner that can be used in economic valuation. They
should also take into consideration the role of economic incentives in eco-
logical impact analyses.
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Summary of

Sustainable Development: What Is to Be Done?
by Johan Holmberg and Richard Sandbrook

[Published in Making Development Sustainable, ed. Johan Holmberg 
(Washington, D.C. and Covelo, California: Island Press, 1992), 19–38. 

© International Institute for Environment and Development, 1992.]

(This is a summary of the introductory chapter of the book.)

The Concept of Sustainable Development 

The World Commission on Environment and Development (the Brundt-
land Commission) brought the concept of sustainable development to
geopolitical significance. Today the term sustainable development is a catch
phrase meaning different things to different people. To some it is a truism,
to others a contradiction in terms. Sustainable development is often identi-
fied with sustainable growth. Questions about the trade-offs and links
between economic development, economic welfare, and the environment
remain unanswered.

As the Brundtland Commission and others have defined it, the primary
implication of sustainable development is that future generations should
inherit an undiminished stock of “quality of life” assets. This is, however, a
political concept, and this capital stock can be measured or interpreted in
three ways:
(1) as comprising human-made and environmental assets;
(2) as comprising only environmental assets; or
(3) as comprising human-made, environmental, and “human capital” assets.

The notion of intergenerational equity lies at the core of the concept of
sustainable development. While there is no solid definition to go by, devel-
opment that does not meet the criteria of intergenerational equity must be
bad development. Barbier1 has attempted to reconcile different views in a
working definition of sustainable development. He identified three systems
that are basic to any development process: biological, economic, and social.
Society applies sub-goals and targets to be achieved within each of these
systems. The objective of sustainable development will be to maximize goal
achievement simultaneously across these three systems, through an adaptive
process of trade-offs. An unsustainable process would seek to maximize
goals for each of the systems separately, without regard for the trade-offs.
The choices and trade-offs made in a sustainable development strategy will
depend on priorities, time, and scale (local, regional, national, or global).



92 Part II. Definition, Scope, and Interdisciplinary Issues

Four Dilemmas

There are four dilemmas in defining sustainable development and its goals.
First, Goodland et al.2 convincingly argue that economic growth cannot be
the unquestioned objective of economic policy. Growth implies more:
more throughput, more inputs, and more waste. Human activity has
resulted in problems of global warming, rupture of the ozone shield, and
the highest rate of extinction of biological species ever recorded in history.
The role of conventionally defined growth, in this view, should increasingly
be limited to poverty alleviation in developing countries. The rich nations
of the world cannot go on increasing their output and must instead con-
centrate on increasing efficiency in resource use. However, such a conclu-
sion is contrary to the prevailing economic and business ethic. 

Second, sustainable development is defined differently from conventional
economic development. The change in emphasis from quantitative to qual-
itative dimensions leads to problems in measurement. Therefore, a new set
of indicators and methodologies is needed. Further complications in meas-
uring and comparing success arise when different trade-offs are made at dif-
ferent locations and times.

A third dilemma relates to how trade-offs will be made. As argued ear-
lier, a sustainable development program will call for making trade-offs
between different systems. While some broad principles may be agreed
upon, such trade-offs are very difficult to make, and the tools needed to
make these decisions are poorly developed. Cost–benefit analysis, which
attempts to ascribe values to different systems, is controversial. Another
dilemma is how to make trade-offs between protecting biological diversity
and meeting human needs. Those in favor of development for people are
pitted against those in favor of conservation. While both groups support
the notion of sustainable development, they disagree on the means and
methods of bringing it about. Is it necessary to cop-out by defining sus-
tainable development as a broad guiding principle rather than a methodol-
ogy in a complex, unequal world?

The fourth dilemma involves the relationship between sustainable devel-
opment and democratic government. Central to the concept of sustainable
development is the notion that future generations should not be made
worse off because of today’s needs. However, democratic governments
cater to the needs and aspirations of people today, which leads them to bor-
row from the future. Similarly, cross-boundary issues that make for a sus-
tainable world order rarely gain attention from politicians. Politicians alone
cannot be blamed for such a situation, as they often reflect prevailing pub-
lic opinion. The limited time horizon of elected governments is not con-
ducive to a broader perspective on intergenerational or international issues.
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It is for these reasons that patterns of sustainable development must be
built from the bottom up. When progress at the local level is constrained
due to factors beyond local control, public pressure will grow to make
changes at the national, and eventually at the international, level.

Primary Environmental Care

Primary environmental care (PEC) is a process for progress toward sus-
tainability at the “grass roots.” It combines attempts to raise the produc-
tivity and welfare of the poor with concern for protecting the environment.
Its three sets of goals, which must be considered together, include: (1) eco-
nomic (meeting basic needs); (2) environmental (protecting and optimiz-
ing utilization of the environment); and (3) social (empowering groups and
communities). The success of PEC depends on the involvement of local
groups and communities in the organization and decision-making aspects
of their communities. In addition, natural and financial resources, political
support, and open access to information are required for success. PEC con-
centrates on empowerment and on building the knowledge of local people
and institutions.

Notes
1. Edward B. Barbier, “The Concept of Sustainable Economic Development,” in

Environmental Conservation 14(2), 101–10 (1987).
2. Robert Goodland, Herman Daly, Salah El Serafy, and Bernard von Droste,

Environmentally Sustainable Economic Development: Building on Brundtland
(UNESCO, 1991).

Summary of

The Concept of Sustainability:
Origins, Extensions, and Usefulness for Policy

by John A. Dixon and Louise A. Fallon
[Published in Society and Natural Resources 2 (1989): 73–84. 

Taylor and Francis, 1989, used with permission.]

The concept of sustainable development (SD) has gradually been ac-
cepted as a key organizing concept by a broad spectrum of development
and environmental organizations. Indeed it is a mediating term that has
bridged the span which often separates these two groups. The difficulty is
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that the term is so broadly defined and is used so extensively in the rhetoric
of often disparate institutions that its real meaning is little understood, and
there is an inadequate basis on which to evaluate the aims and outcomes of
various projects carried out in the name of SD.

Definitions

The definition of SD has evolved through three stages over the years:
(1) Sustainability originated as a purely biological concept for a single

resource, and thus was usually used within the context of a special class
of renewable resources such as forests and fisheries. The goal was to
establish some biologically determined maximum sustainable yield so
as to reap today’s bounty while preserving tomorrow’s resources.

(2) Sustainability developed into a physical concept for a group of
resources or an ecosystem. This level of understanding evolved out of
the growing awareness that the first concept paid inadequate attention
to the ways different resource bases interact with one another system-
ically. Thus what appears sustainable for a given resource may prove to
be unsustainable for an entire system; so rather than focusing upon a
single resource, there is explicit attention to the variety of outputs
from an entire system. Of course, not all parts of an ecosystem can be
managed in harmony; some resources may be enhanced, while others
may be maintained at pre-use levels, and yet others may undergo some
degradation. Moreover, social and individual needs must influence the
evaluation of these trade-offs in any resource management policy.

(3) It is from this last point that the final understanding of sustainability,
that is SD itself, has evolved. The focus shifts from specific physical
stocks of given resources and systems to policies that enhance our abil-
ity to meet the needs of today without compromising our ability to
meet the (larger) needs and challenges of tomorrow. This is a seduc-
tively simple concept, and there is little debate as to its basic desirabil-
ity.

But SD for whom? As Richard Norgaard pointed out, “Environmenta-
lists want environmental systems sustained. Consumers want consumption
sustained. Workers want jobs sustained,” etc.1 A lively debate has devel-
oped, with people often talking at cross-purposes over what to sustain, how
to go about it, how to define sustainability, and how to measure progress
toward this ill-defined goal. The fundamental problem is that the term sus-
tainability, which was originally developed in a biological/physical context,
is now applied in a much broader economic/social context.
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Some environmentalists and physical scientists argue that maintenance of
physical stocks is the correct path to sustainability. From a socioeconomic
perspective, however, because of population growth, especially in develop-
ing countries, maintenance of physical stocks will lead to declines in per
capita availability of goods—this may occur to some extent even with
reductions of physical stocks. It is clear, then, that improved productivity
and efficiency are a necessary component of sustainability. However, it is
very difficult to say ex ante what will be a sustainable economic activity, and
far easier to say ex post what was not.

A number of authors are grappling with this dilemma. One definition
equates sustainability with “ideal income,” i.e., the greatest amount that
can be consumed today without diminishing productive possibilities
tomorrow. This perspective rejects the idea of purely physical measures of
sustainability, with a recognition that what constitutes a productive asset
may change over time; for example, the substitution of rain forests for
equally sustainable rubber plantations in Malaysia. In addition, SD does not
require that any particular activity continue indefinitely. Indeed, it will gen-
erally involve structural changes and the replacement of old activities with
new ones. Additional questions center on how best to handle nonrenew-
able resources, and on the need to invest income from their depletion in
renewable activities for the future. Some suggest that “growth” ought to
refer to the quantitative expansion of the economy, and development to its
qualitative enhancement. Thus SD need not mean sustainable growth.

All of these issues raise interesting and at times intractable questions
which a rigorous assessment of SD must answer:
(1) How should equity, both inter- and intragenerational, be handled with

respect to resource management decisions? Overfishing and excessive
harvesting of forest products are examples of overemphasis upon the
present—a problem that may be brought on by either poverty or
greed. The implication is that resource issues cannot be discussed
without regard for development issues.

(2) What do we leave to future generations to ensure that they are not
worse off? Should we leave the same physical stock of resources, the
same resource base per capita, or the potential for being at least as well
off as the present generation? Each of these criteria will lead to differ-
ent patterns of resource use, some of which may not be sustainable in
the physical sense.

(3) Will there be enough to go around? Rising population implies increas-
ing resource use merely to maintain current levels of consumption.
The implication is that resource issues cannot be divorced from popu-
lation issues.
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(4) How far into the future do we worry about? The shorter our time
horizon, the less likely that any pattern of resource use will truly be
sustainable over long periods of time. 

(5) Are there some patterns of resource use that should not be accepted
regardless of their impacts on the resource base? For example, should
the negative effects of species extinction always outweigh the social
welfare gains of a given activity?

(6) To what extent can market forces intervene in the development
process vis-à-vis resource use? Many factors can inhibit the proper
functioning of markets, including imperfect information, greed, and
uncertainty about the future, all of which tend to lead to unsustainable
patterns of development. Nevertheless, market forces can be harnessed
and corrected through appropriate macroeconomic policy instruments
such as taxes and subsidies.

Clearly a great deal of work needs to be done to define parameters and
goals in attempting to answer these questions in a more substantive man-
ner than is currently possible. Nevertheless, the broader thinking engen-
dered by the sustainability discussions has produced positive results, includ-
ing:
(1) a greater awareness of the necessity of considering the long run in

resource management decisions;
(2) enhanced attention to intergenerational concerns and transnational

impacts;
(3) greater awareness that reliance solely upon the market may not be

compatible with SD; and
(4) a better chance that bad development projects can be avoided.

Note
1. Richard Norgaard, “Sustainable Development: A Co-Evolutionary View,”

Futures (December 1988): 606–20 (see summary in this Part); cited by Dixon and
Fallon, 7.
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PART III

Theoretical Frameworks
and Techniques

Overview Essay
by Jonathan M. Harris

Any theoretical offering in the domain of economics will inevitably be
measured against the dominant, neoclassical theory. To its proponents,
neoclassical economics represents the accumulated insights of two centuries
of economic theory. Further, it presents itself as a complete, axiomatic the-
ory, building its edifice of theorems on specific, testable assumptions. Does
ecological economics seek to overturn this edifice and offer a different sys-
tematic theory to explain all economic activity? As we have seen, writers in
the ecological economics area have raised many criticisms of the narrowness
of neoclassical economics, and of its divorce from biophysical principles.
But is there a single, sweeping alternative to put in its place? The answer is
probably no. Yet the outline of what Daniel Underwood and Paul King call
an alternative “metaeconomics” does appear, and significant efforts to
advance specific analysis based on this new metaeconomics have been made.
Part III summarizes what the editors of this volume consider to be some 
of the most important contributions to the task of building new theory. 
As will become apparent, these efforts do not necessarily reject all of the
tools and approaches of the neoclassical school but at the least modify 
them significantly, and in some cases offer completely different analytical
approaches.

The new theoretical contributions of ecological economics are clustered
around certain key concepts. In each case the task attempted by the authors
summarized here is to establish specific theoretical content for each con-
cept. After considering some major concepts as developed in the specific
articles summarized here, we will return to the issue of whether something
like a complete alternative economics emerges from these efforts.
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Sustainability 

This much-used term has two components. One is economic sustain-
ability—the ability of an economic system to continue operating at some
level of output. The other is ecosystem sustainability—referring not to an
absolutely unchanged ecosystem equilibrium but to what C.S. Holling
refers to as ecosystem resilience (see the selection by Mick Common and
Charles Perrings). Resilience refers to the bounce-back capacity which
allows ecosystems to recover from short-term damage or disruption. True
sustainability must include both components. Often only the first is con-
sidered, giving a weak sustainability concept which is generally compatible
with the neoclassical framework. In this formulation, depletion of natural
resources and degradation of ecosystem functions is acceptable provided
that sufficient human-made capital is accumulated to substitute for these
resources and functions. A good example would be depletion of soil fertil-
ity through erosion, with attendant substitution of mechanization, irriga-
tion, and fertilizer to give equal or higher yields.

Strong sustainability, by contrast, gives priority to ecosystem resilience,
and does not accept human-made capital accumulation as an adequate sub-
stitute for natural capital depletion. Common and Perrings construct a
model which allows rigorous comparison of the two concepts, concluding
that the stability conditions for the two types of sustainability differ widely.
This is an extremely important result, giving theoretical rigor to the per-
ception that an efficient neoclassical economic growth path is not environ-
ment-friendly. Edward Barbier offers a different formal model, starting
with a neoclassical production function, but also embodying something
similar to the entropy principle. He reaches similar conclusions: the bene-
fits of “efficient” economic growth may be outweighed by increasing envi-
ronmental degradation.

Scale 

Herman Daly has been largely responsible for introducing this central con-
cept to debates on economic growth, and his contribution is reflected in
several selections here. He points out that neoclassical economics admits no
scale limits—economies in mathematical theory can grow forever—but that
the closed system of the physical world necessarily imposes some limits on the
open system of the economy. The real question then is, how close are we to
the limits? The question was raised by Kenneth Boulding in his famous
“Spaceship Earth” article summarized here. Daly places us somewhere
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between the “frontier” economy, too small to affect its environment sig-
nificantly, and the “spaceman” economy, which must manage its entire
environment. He posits a “bull-in-the-china-shop” economy, large enough
to do significant damage to ecosystem resilience. In this situation, the effi-
ciency criterion advanced by neoclassical economists will not suffice—spe-
cific attention must be given to limits to growth, both of population and of
per capita consumption. Daly proposes a steady-state economy which, rather
than maximizing consumption, would minimize throughput—the use of
resources and generation of wastes.

Thus to the goal of economic efficiency must be added the goals of sus-
tainable scale and equitable distribution. The theoretical implication of this
is that while neoclassical methodology might be very useful in defining eco-
nomic efficiency and prescribing policies for its achievement, it is wholly
inadequate to address issues of scale and distribution, which depend respec-
tively on ecological realities and social, political, and ethical principles. The-
ories of macroeconomic equilibrium, employment, and income distribution
which ignore these factors are therefore highly misleading. This implies a
new structure for macroeconomic theory—though neither Daly nor the
other authors in this part offer more than a very general indication of what
this theory would look like.

In addition to its obvious importance for developing economies, this per-
spective has a special implication for the formerly communist economies.
They clearly suffer from a cancerous growth of high-polluting industry.
Will their present transition be simply to a more efficient kind of growth or
to a truly sustainable system? Kenneth Townsend discusses this question,
offering some prescriptions (transferable pollution permits) which are per-
fectly acceptable to neoclassical theorists, but also advocating an application
of Daly’s steady-state goal to Eastern economies. He fails, however, to offer
many useful specifics (e.g., energy sector efficiency, agricultural reform) as
to how this might be achieved.

A practical application of the scale concept is seen in the case study of
Haiti by George Foy and Herman Daly. Some of the severe environmen-
tal problems of Haiti are attributed to the resource misallocation issues
familiar to standard economic theorists as cases of “market failure.” But
population pressure and resulting deforestation and soil erosion are seen
as an independent cause of environmental degradation. Perhaps a standard
economic rejoinder might be that correcting the “market failures” would
allow for an expanded population carrying capacity. But it is surely unar-
guable that so long as resource misallocation problems exist, population
pressure will make the results significantly worse, as is dramatically obvious
in Haiti.
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Entropy

As Underwood and King point out, the “metaeconomics of the steady
state” is based on the laws of thermodynamics, as opposed to the formal-
ized mathematical assumptions of the neoclassical model. The First Law,
that of conservation of matter and energy, is reflected in the emphasis on
limits in ecological economic theory. The planetary stock of resources is
fixed; leaving aside exotic schemes of mining other planets, we have a lim-
ited resource base to work with. The Second Law, that of increasing
entropy, governs our use of the one truly “free” resource, solar energy, and
of all existing resource stocks. This law implies that any economic activity,
as indeed any life process, inevitably degrades energy and material resources
to a more disordered, less usable form. It is not simply a question of energy
supply, as some neoclassical economists have suggested. Even more signifi-
cant is the issue of ecosystem capacity to absorb the high-entropy wastes
which are the unavoidable result of economic activity. Herman Daly, in
“On Economics as a Life Science,” suggests that in economics, as in biol-
ogy, the critical issue is the ability of the system to adapt to limited sources
of low entropy, utilizing the solar flux efficiently and avoiding a buildup of
waste products which would render the environment incapable of support-
ing further life.

Nicholas Georgescu-Roegen, who first proposed the concept of analyz-
ing the economic process in terms of the entropy law (in The Entropy Law
and the Economic Problem) emphasizes that this perspective does not imply
an energy theory of value. Writers in the “energetic” tradition have
attempted to measure value in terms of embodied energy. Georgescu-Roe-
gen finds this approach wrong-headed, and strongly differentiates his own
view from neo-energetics. But he does see the entropy theory as a funda-
mental challenge to mainstream economists. Economic growth, he argues,
has been dependent on a “mineral bonanza” which is unrepeatable. Mech-
anistic theories of economic growth which ignore thermodynamic limits are
therefore unreliable. This criticism applies to essentially all of neoclassical
growth theory.

The introduction of the entropy concept to economic theory raises a
question which is well posed by Burness et al. in the article “Thermody-
namic and Economic Concepts as Related to Resource-Use Policies.” That
is, is there a specific role for entropy analysis as distinct from ordinary mar-
ket price rationing? Is it not true that scarcity of low-entropy resources will
be reflected in a high market price? And if so, what does entropy analysis
have to add to standard market analysis? Herman Daly’s reply to this cru-
cial question is to the effect that we should not seek a new energy theory
of value but rather use the awareness of Second Law constraints to formu-
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late policies for long-term sustainability. These policies (such as taxes on
energy and virgin resources) would then work through the market price
mechanism, internalizing into market decision making a social awareness of
ecological limits. Burness et al. feel that this is simply the imposition of an
ethical decision, not a modification in theory.

How can we evaluate this debate? One comment might be that Daly may
underrate the specific importance of energy and resource analysis. Short of
seeking a comprehensive energy theory of value, we may analyze the evo-
lution of many agricultural and industrial systems specifically in terms of
energy and resource use (extensive examples of such analysis are offered in
Part IV). The heavy dependence of our economy on fossil fuels is a central
issue which leaps out of such an analysis, as opposed to its relative obscu-
rity in a standard economic analysis in which energy is but one factor in
costs of production. The cumulative impact of pollutants is also evident
from physically based analysis of economic activity but will only affect mar-
ket prices after a conscious decision by policy makers, based on non-mar-
ket factors, to impose quantitative limitations or taxes. (Daly, of course, is
well aware of this, and refers, for example, to the importance of expanding
input–output analysis to include ecological stocks and flows in “On Eco-
nomics as a Life Science,” but he does not stress it in his reply to Burness
et al.)

Another relevant point is that the question of intergenerational patterns
of resource use is not solely an ethical issue. It raises the next important area
of theoretical difference between neoclassical and ecological economics—
the treatment of time.

Time 

The essential issue here is the role of the discount rate in balancing present
and future values—seemingly a technical issue, but one of sweeping impli-
cations. The best work in this area has been done by Richard Norgaard and
Richard Howarth, in the chapter summarized here, “Economics, Ethics,
and the Environment,” and other articles. They suggest that the use of a
discount rate—any discount rate—to balance present and future values is
fundamentally flawed. This, of course, represents a basic theoretical differ-
ence with neoclassical economics. Discounting based on prevailing com-
mercial interest rates (say a real interest rate of 6%) heavily downgrades the
interests of future generations. Costs and benefits 25 years in the future will
be discounted by a factor of four, and 50 years in the future by a factor of
18. This means essentially that the interests of future generations in avoid-
ing environmental degradation will be disregarded. Nor are we discussing
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the distant future—these time periods are within the lifetimes of children
already born. Norgaard and Howarth show that if we take a different start-
ing point, assuming that future generations have equal rights over resource
allocation, a quite different pattern of discounting and inter-period
resource allocation would emerge. In effect, using a current discount rate
assigns all rights over resources to the present generation.

This point is of extraordinary importance, for it means that hidden in the
apparently “neutral” principle of inter-period efficiency is a normative judg-
ment that gives absolute primacy to short-term, present-generation inter-
ests over future interests in the resource and environmental area. The only
justification for this would be the assumption that future citizens are fully
compensated for resource loss and environmental degradation by the accu-
mulation of human-made capital. But since most of this capital itself has a
lifetime of only 20 to 50 years, and since the substitutability of human-
made and natural capital is in serious question, this clearly shortchanges the
future.

The alternative approach suggested by Norgaard and Howarth separates
the normative definition of goals from the positive determination of effi-
cient means. We must first determine our principle of long-term resource
allocation and environmental preservation (in accordance, they propose,
with the sustainability criterion discussed earlier). Then we can proceed to
issues of valuation and discounting to achieve these ends. Interestingly, this
perspective reverses the burden of normative judgment in the
Burness/Daly debate. Rather than seeing the “steady-state” advocates as
imposing their own ethical criterion on resource allocation, we see that the
current economic allocation imposes a present-oriented normative value in
the guise of a neutral market efficiency.

Complexity, Uncertainty, and Irreversibility

Another important tenet of ecological economics is advanced by Peter
Söderbaum in “Neoclassical and Institutional Approaches to Development
and the Environment.” He argues that the inherent complexity of ecosys-
tems is at odds with the reductionist nature of both modern industrial pro-
duction and neoclassical economic theory. A similar theme is developed
compellingly by Norgaard in “Economics as Mechanics and the Demise of
Biological Diversity.” The rapid replacement of traditional, ecologically
integrated agricultural production techniques with uniform, high-input
agriculture and commercial production is devastating to the maintenance
of biodiversity. The spread of a global trading economy means that local
production decisions must be responsive to a global supply and demand
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balance determined without regard to the nature and capabilities of local
ecosystems. Rapid shifts in crop profitability and export demand impose
impossible burdens on local ecosystem stability, destroying ecosystem
resilience. Thus the spread of free trade, seen from one perspective as clearly
beneficial, appears now as a relentless destructive force steadily reducing
global biodiversity. Norgaard does not proceed to any theory of ecologi-
cally sustainable trade, but his analysis clearly indicates the need for such a
theory (this issue will be pursued further in Part VI.)

Allied to the issue of complexity is that of uncertainty. While some envi-
ronmental impacts are clearly definable in relation to such factors as levels
of production and generation of pollutants, in many cases a high degree of
uncertainty is involved with the “big” environmental issues such as global
warming, biodiversity loss, ozone destruction, and cumulative ocean pollu-
tion. The range of “cost” estimates associated with these problems may be
immense, and considerably complicated by the discounting issues discussed
above. The precautionary principle suggested by Charles Perrings
(“Reserved Rationality and the Precautionary Principle”) implies that when
worst-case possibilities involve massive and irreversible damage, standard
expected-value cost/benefit methodology is unacceptable. The principle of
erring on the side of precaution implies a high premium on preserving the
resilience of ecosystems. As we have already seen, this will generally cut
against the “efficient market” solution which ignores or downgrades
ecosystem sustainability issues.

John Krutilla’s “Conservation Reconsidered” approaches similar issues
using the more standard theoretical concept of option value. He suggests
that it is usually impossible for the market to capture the public benefits of
preserving unspoiled environments. The ecosystem services provided by
these environments, whether practical (water purification), aesthetic/spiri-
tual (enjoyment of nature), or purely ecological (biodiversity) cannot be
replicated once destroyed. This argues for a conservation principle which
must override market considerations to guarantee the unquantifiable
“option value” of ecosystem resilience.

Values and Motives

A theme which runs through all the topics discussed so far is the social and
ethical dimension of decision making. In the neoclassical model all actors,
whether consumers or producers, are motivated by pure self-interest. Moral
considerations, altruistic motives, or public-spiritedness are excluded by
assumption. Thus if we agree with any of the ecological imperatives dis-
cussed above, we would somehow have to impose them from without on



104 Part III. Theoretical Frameworks and Techniques

an otherwise self-regulating market. Both John Tomer in “The Human
Firm in the Natural Environment” and Peter Söderbaum propose the con-
trary view: the moral/altruistic motives of protecting the environment may
in fact be internalized in the decision making of individuals and firms. Many
institutions and social forces affect the behavior of economic actors, and
among these is a growing consciousness of the importance of the environ-
ment. Thus “socially responsible” firms will seek to modify their own prac-
tices to minimize environmental impact; “green” consumers will give pref-
erence to sustainably produced goods, and nongovernmental interest
groups may effectively influence public policy toward environmental pro-
tection.

The significance of this point is that it breaks down the disciplinary bar-
riers between economics, sociology, political science, and philosophy. Neo-
classical economists may perhaps try to preserve the purity of their mathe-
matical models by arguing that these considerations simply create new
“objective functions” for firms and consumers. But this really begs the
question, since the elegance of the original model derives from the sim-
plicity of the profit or utility-maximizing goal. Once a tangled web of
social, ethical, and ecological considerations enter the picture, it will no
longer be possible for economists to defend the frontier of their discipline
against the incursions of other social and physical scientists and even of
philosophers. (Perhaps Adam Smith, author of “The Theory of Moral Sen-
timents,” would agree with today’s ecological economists that they should
not try.)

In summary, three elements of new economic theory emerge from these
selections:
(1) Meta-theoretical Framework: The interlocking concepts discussed above

clearly form an alternative perspective or world view which contrasts
with the neoclassical model. The ramifications of this new perspective
are extensive, with major theoretical and policy implications.

(2) Formal Models: Both Barbier and Common/Perrings construct formal
mathematical models which resemble standard neoclassical models but
include ecologically derived principles which significantly affect their
results. Variations on this technique can be used in many kinds of eco-
nomic/ecological modeling, some further examples of which will be
seen in the Parts IV and V.

(3) Alternative Theories and Techniques for Specific Fields of Study: The
Norgaard/Howarth critique of discounting implies a completely dif-
ferent approach to cost/benefit analysis and project evaluation. Tomer
and Söderbaum suggest new approaches to the theory of the firm and
public choice theory. Norgaard’s analysis of trade reverses the standard
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conception of the benefits of free trade, with profound implications for
trade and development policy. Daly suggests (but does not fully
develop) a new macroeconomics including limits on growth, bringing
to the fore issues of employment and distribution which have hitherto
been “solved” by the assumption of continuous growth. Townsend
suggests a different goal than that currently being pursued for the
post-communist economic transition—a transition to ecological sus-
tainability as well as market efficiency. Though not developed in detail,
the issue raised is of critical importance for this area of analysis and pol-
icy.

Two additional specific areas of analysis appropriate to the ecological eco-
nomics perspective will be added in Parts IV and V: energy/resource flow
analysis (deriving from entropy theory) and modified national income
accounts. The alternative approaches to trade, development, and
social/ethical/institutional analysis which have been suggested here are
also more fully developed in Parts VI and VII.
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Summary of

On the Ideological Foundations of 
Environmental Policy

by Daniel A. Underwood and Paul G. King
[Published in Ecological Economics 1 (December 1989): 315–334. 

Reprinted with kind permission from Elsevier B.V., Amsterdam, The Netherlands.]

Arguments in the philosophy of science have suggested that ideological
preconceptions underlie all analysis, including economic analysis. The ide-
ological basis of economic analysis is called “metaeconomics.” As long as
different groups of economists have different ideological (metaeconomic)
foundations, an objective resolution of debated issues cannot take place.
This article examines the differences in the metaeconomic first principles
and the resulting analytic and policy conclusions of two schools in envi-
ronmental economic analysis: neoclassical economics and the steady-state
approach.

Metaeconomics of Neoclassical A-Environmentalism

The ideological basis of neoclassical economics can be traced to Adam
Smith’s notion that individuals working in their self-interest will promote
the welfare of the whole of society. This Smithian view, along with the use
of logic, mathematics, and utilitarian Benthamite views, was applied to the
concepts of value and distribution. This process of methodological devel-
opment culminated in Pareto working out the marginal conditions needed
for a market system to maximize social welfare.

The belief that individual action would result in maximizing social wel-
fare (albeit under a set of restrictive conditions) was questioned by Pigou,
who argued that, due to the nature of property relations, self-interested
individuals may behave in ways that are antagonistic to total social welfare.
In particular, Pigou claimed that there may be externalities to individual
action that, if ignored, would violate Pareto’s optimality conditions. This
challenge to the neoclassical framework was countered by Coase, who
argued that negatively affected individuals would alter the actions of exter-
nality producers through a set of side payments. Alternatively, if there were
too many individuals to make side payments possible, then the imposition
of fines or taxes could correct the actions of individuals and bring the sys-
tem back to a Pareto efficient point.

Another challenge to the neoclassical position was raised by American
conservationists in the early twentieth century who argued that natural
resources were being extracted and used rapidly, posing problems for future
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generations. In response, Hotelling claimed that welfare will be maximized
if nonrenewable natural resource extraction is guided by the discount rate
and a corresponding growth in resource value over time. If the net value of
the resource grows at the discount rate, then future generations will be
compensated for a smaller stock of natural resources by a larger stock of
productive capital. Once again, the thrust of the argument was that the
market, through the price system, could regulate the rate of extraction.

The position of the neoclassical school, therefore, is that there is no
absolute scarcity. Scarcity is relative, and the price system will send signals
that will lead to appropriate substitutions.

Metaeconomics of the Steady State

Influenced by the work of Nicholas Georgescu-Roegen, Kenneth Bould-
ing, and Herman Daly, the steady-state school questions the notion that
the market can dictate a path of sustainable growth. This school adopts the
laws of thermodynamics as a metaeconomic first principle. Thus, while
steady-state theorists agree with neoclassicists that relative price movements
generated by market transactions can result in Pareto optimal resource allo-
cations in the short run, and that welfare can be improved by internalizing
externalities, they argue that the problem of assimilation of pollutants by
the environment can be solved only by a ceiling on throughputs. They con-
tend that this is because there are biospheric limits to economic activity.
The thrust of the steady-state position is that the problem of scarcity is not
one of relative scarcity but one of absolute scarcity. Absolute scarcity exists
both in terms of resource availability and assimilative capacity.

Contemporary A-Environmentalism

Contemporary a-environmentalism is essentially an application of the neo-
classical framework to environmental issues. It argues that the problems of
pollution and energy can be solved by substituting for environmental
resources in production, while the market will take care of intertemporal
problems. Using the past as a guide, it suggests that capital and technology
will take care of environmental problems in the future.

There has been a recognition by some economists of the laws of ther-
modynamics and their implications for substitution. For example, Solow
and others see the laws of thermodynamics and conservation as ultimate
constraints on economic activity. However, many address the problem pri-
marily as a question of providing adequate energy sources, an approach that
separates the problems of the environment from energy issues, although
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these two issues are actually closely related. In fact, technological energy
“fixes” ignore the environmental impacts of increased energy use. There-
fore, given that there are no exceptions to the laws of thermodynamics, one
of the metaeconomic first principles should be that there is an upper bound
to the application of technological innovation.

Is Reconciliation Possible?

The difference in the evolution of economic thought between the neoclas-
sicists and the steady statists rests partly on their notions of value. To the
neoclassicist the value of a commodity is its price. Thus environmental
resources are valued by the amount people are willing and able to pay to
maintain them. Given relative price movements and the changes in value
they bring about, neoclassicists do not see any limits to growth. Steady sta-
tists, on the other hand, take the limits to growth based on thermodynamic
considerations as their starting point. As a result, steady statists’ concept of
value is grounded in “sustainability” and a moral imperative not to degrade
the environment. This transcends the “rational egoism” of the neoclassi-
cists. This difference in viewpoints may not be easily resolved.

Summary of

Towards an Ecological Economics of Sustainability
by Mick Common and Charles Perrings

[Published in Ecological Economics 6 (July 1992): 7–34. Reprinted 
with kind permission from Elsevier B.V., Amsterdam, The Netherlands.]

The discussion of sustainability in environmental economics continues 
to be plagued by considerable disagreement and obscurity as to both the
conceptual and the operational content of the term. These disagreements
arise due to different disciplinary perspectives, the axiomatic foundations 
of the models that are used to explore the concept, and interpretations 
of sustainability at the policy level. The discussion is further plagued by 
ill-defined philosophical and ethical differences over issues of both intra-
and intergenerational equity. This article seeks to clarify matters through
the development of a mathematical model of resource allocation that
embraces both economic and ecological concepts of sustainability, drawing
on models and insights from both fields. Specifically, the Solow/Hartwick
approach from economics and the Holling approach from ecology have
been selected.
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Economics: Solow-Sustainability

Consumption is the starting point for treating sustainability within the util-
itarian framework of the neoclassical model. Consumption refers to that
portion of the total goods and services produced that is currently utilized
to satisfy a set of wants, all within the constraints imposed by a given set of
resource endowments. Wants are determined exogenously, and their satis-
faction is used as a measure of system performance. The endowment set is
an exogenous heritage of resources, along with the property rights that
map these resources into the consumer’s constraint set. Property rights are
assumed to be external to the productive system as well.

The implications of this definition of consumption for sustainability can
be found by relating it to income. The Hicks/Lindahl concept of sustain-
able net income is defined as the maximum amount that can be spent on
consumption during a given period without reducing either the expected
capital value of prospective receipts in future periods or the real consump-
tion expenditure in future periods. Income so defined presupposes the
deduction of expenditures to make good the depreciation and degradation
of the productive asset base such that society is as well off at the end of the
period as it was at the beginning. Thus a suitably defined capital stock must
be maintained which ensures that the constraint set does not tighten over
time.

A theory of sustainable resource utilization based on this definition must
establish how a constant real consumption expenditure can be maintained
with an exhaustible resource base. Solow, adopting the egalitarian argu-
ments of Rawls, proposed a “Rawlsian” maximin approach to the intertem-
poral distribution of consumption. Solow, Hartwick, and others produced
a simple result known as the Hartwick rule: “Consumption may be held
constant in the face of exhaustible resources only if the rents deriving from
the intertemporally efficient use of those resources are reinvested in repro-
ducible capital.”[10] In other words, the returns from exhaustible assets
must be invested in nonexhaustible assets.

The investment rule that this implies rests on an assumption that,
although capital inputs are heterogeneous, there exists sufficient substi-
tutability between reproducible and exhaustible stocks within the rele-
vant production functions. Therefore, the rule itself is, in fact, more a
condition for intertemporal efficiency than it is for sustainability per se.
The well-behaved production functions used by Solow and Hartwick
have had to be modified to admit the nonsubstitutability of certain types
of natural and produced capital. Thus, in some models upper bounds on
the waste absorptive capacity of the environment have been set, along
with lower bounds on the level of stocks that can support sustainable
development.



110 Part III. Theoretical Frameworks and Techniques

Whatever the variations, the notion that some suitably defined capital
stock should be kept constant is a crucial component of this definition of
sustainability, and it is generally agreed that the only meaningful measure
of these stocks is a measure of value. Moreover, for this measure to produce
optimal allocations it must not be based on market prices but on shadow
prices that reflect the true social value over time. Thus, in order for
resources to be allocated according to the rule, there must either exist a
complete set of competitive markets from today until infinity, or all eco-
nomic agents must contract in today’s markets on the basis of rational
expectations for the future. If one of these conditions cannot be met, then
there is no assurance of reaching an efficient, intertemporal, competitive
equilibrium.

Ecology: Holling-Sustainability

The difficulty with the above from an ecological perspective is that it
ignores the fact that the human economy is an integral part of a closed evo-
lutionary system. The assumptions are often blind to the physical principles
informing a materially closed, thermodynamic system, and to the feedback
effects of dynamically interactive human and environmental productive sys-
tems. To address these shortcomings, Holling’s work on resilience and sta-
bility of ecosystems is the starting point. He distinguishes two levels of sta-
bility: (1) stability per se, i.e., the propensity of populations in an ecosystem
to return to an equilibrium condition following a perturbation; and (2)
resilience, i.e., the propensity of a system to retain its organizational struc-
ture following a perturbation. The distinction between the two implies a
difference in the focus of analysis within an ecosystem; there can be either
a micro focus on a population of organisms within the system, or a macro
focus on the larger community of organisms. Individual populations can
only be Holling-stable if the ecosystem is Holling-resilient, though
Holling-resilience does not necessarily imply Holling-stability.

Ecosystems that are open with respect to energy flows have a tendency
to self-organize within the constraints imposed by an evolutionary and fluc-
tuating environment. Any point at which the self-organizing forces of the
system balance the disorganizing forces of the environment may be said to
be an optimum operating point of that system. There may therefore be
multiple equilibrium points for an individual population that could be con-
sidered Holling-stable. The Holling-resilience of the system as a whole may
then be measured by its ability to “accommodate the stress imposed by its
environment through selection of a different operating point along the
same thermodynamic path without undergoing some catastrophic change
in organizational structure.”[18] The important feature of resilience then
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is the capacity it implies to adapt to the stresses imposed on a system
through its interdependence with other systems.

Holling characterizes endeavors to manage ecosystems as “weak experi-
ments testing a general hypothesis of stability/resilience.”1 This is exempli-
fied by historical attempts to stabilize ecosystems in the Holling-stable
sense, which have often been successful in the short term but have led to
qualitative changes in the larger system, generally with adverse conse-
quences for the resilience of that wider system. Most often this is due to
decreasing diversity of communities within the system due to the economic
focus upon a single community. A narrower range of communities reduces
the level of interaction and the complexity of the system, characteristics that
are argued to be necessary to maintain its resilience.

The Ecological Economics of Sustainability

The fundamental difference between the Solow and Holling models is in
the way each perceives the interrelationships between the economy and the
ecology. In the Solow model, the economic system does not affect the
physical system in which it is imbedded. By assuming that the economy
receives free gifts from the environment (as a source of natural goods and
a receptor of pollution and wastes) the Solow model does not consider the
important dynamic implications of resource use. On the other hand, the
Holling model privileges the system over its component parts. The Solow
model considers just the economic system, whereas the Holling model
takes a macroscopic systems view.

The model presented here takes a systems approach and considers the
biophysical and economic system simultaneously. It considers a problem of
resource allocation over time given a social welfare function and a con-
straint. The biophysical system is the constraint on economic activity, and
this constraint changes with exploitation of resources and imposition of
wastes into the ecosystem by the economic system. Social welfare depends
on both the income derived and the state of the resource base that the pres-
ent generation bequeaths to future generations; i.e., social welfare depends
on the welfare of both present and future generations.

The most striking conclusion of the model described above is that the
concepts of Solow-sustainability and Holling-sustainability are disjoint.
This implies that there may be no close relationship between economic effi-
ciency and ecological sustainability. In fact, historical evidence suggests that
economies that have managed the resource base in an ecologically sustain-
able manner have not performed well by intertemporal economic efficiency
criteria. This is not to suggest that economically efficient systems cannot be
ecologically sustainable, though for this to be so would require some
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improbable conditions. An ecological economics approach requires that
resources be allocated in such a fashion that they threaten neither the sys-
tem as a whole nor the key components of the system. For the system to be
sustainable it must serve consumption and production objectives that are
themselves sustainable. If existing preferences and technologies, as perpet-
uated and sanctified in the concept of consumer sovereignty, are not sus-
tainable, then the system as a whole will be unstable. The appropriate pol-
icy instruments to address these concerns are varied and complex, and are
not discussed here. What is important is that ecological economics privi-
leges the needs of the system over those of individuals.

Note
1. C.S. Holling, “The Resilience of Terrestrial Ecosystems: Local Surprise and

Global Change,” in Sustainable Development of the Biosphere, eds. W.C. Clark and
R.E. Munn (Cambridge: Cambridge University Press, 1986); cited by Common
and Perrings, 18.

Summary of 

Alternative Approaches to 
Economic–Environmental Interactions

by Edward B. Barbier
[Published in Ecological Economics 2 (April 1990): 7–26. Reprinted 

with kind permission from Elsevier B.V., Amsterdam, The Netherlands.]

A central question asked by environmental and resource economists is,
“what useful economic functions does the environment provide and how
are these functions affected by the process of economic–environmental
interaction?”[8] A conventional approach and an alternative approach are
outlined here. A model of economic–environmental interaction is con-
structed based on the alternative approach to show how such a method is
suitable for analyzing emerging problems of environmental degradation.

Conventional Approaches

Following Hotelling,1 the conventional approach defines natural resources
as those environmental resources that provide economically valuable pro-
ductive services. This view sees the natural environment solely as a supplier
of raw material and energy inputs to the economic process. When a natural
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resource becomes scarce, its price will rise relative to that of other goods.
Therefore, it is the expected threat of future scarcity from overexploitation
and depletion that makes it worthwhile to hold on to certain material and
energy-yielding natural resources. This leads one to ask, “what is the ideal
rate of depletion?” For nonrenewables it may be optimal to deplete the
resource if future technologies and the availability of perfect substitutes
make the resource nonessential for future production. For renewables,
exhaustion may be optimal if the resource is growing at a slow rate, har-
vesting costs are low, and its value appreciates more slowly than the market
rate of interest. This approach is based on the optimistic expectation that
markets will automatically determine the optimal rate of exploitation.

Alternative Approaches

An alternative approach recognizes three important functions performed
by the environment and by scarce environmental resources:
(1) providing useful material and energy inputs for the economic process;
(2) assimilating waste by-products generated by the economic process;

and
(3) providing utility—i.e., yielding services or ecological functions that are

essential for supporting the economic system and human welfare,
including recreational, health, cultural, scientific, educational, and aes-
thetic services, as well as the maintenance of essential climatic and eco-
logical cycles.

As the environment is used by the human economy, the quality of the
environment itself may deteriorate, and this is seen as an economic prob-
lem. This view may lead to different criteria for the economic exploitation
of environmental resources, as it considers the total economic value pro-
vided by all functions of an environmental asset. The absolute effects of
ecosystem degradation must be considered, rather than only the relative
scarcity effects of the conventional approach.

A Model of Economic–Environmental Interaction

The model presented here builds on a number of studies that emphasize
the environmental costs of economic activity. It addresses a situation in
which economic–environmental interaction leads not only to increasing rel-
ative scarcity of utility-yielding environmental services, but also to the pos-
sibility of widespread ecological disruption and disturbances.

In the model, a social welfare function is defined based on consumption
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and on a stock variable that represents environmental quality. It is assumed
that over time the capital stock in the economy increases by the difference
between output and the sum of three other factors: consumption, resources
used for environmental improvement, and capital depreciation. In addition,
environmental quality declines over time due to extraction of resources and
generation of wastes. It is assumed that the improvements in the environ-
ment can never be greater than the deterioration; environmental quality is
likely to decline in each period. The existence of a maximum tolerable level
of environmental degradation is also assumed, beyond which the eco-
nomic–environmental system is destabilized.

The planning problem suggested by the model is how best to allocate
economic and environmental resources over time, given declining environ-
mental quality and the threat of a future ecological constraint. The model
yields:
(1) the optimal trade-off between increased consumption and provision of

services to improve the environment; and 
(2) the rule governing the optimal rate of capital accumulation, and thus

the optimal rate of growth in the economy.

The model is different from the conventional approach in suggesting that
at some point the benefits of capital accumulation and growth (in the form
of expanding output) may be outstripped by the costs of such growth in the
form of environmental degradation. Determination of the optimal alloca-
tion of economic and environmental resources clearly depends upon the
relative preferences of individuals, the development of technology, and the
resilience and regenerative capacity of the ecosystem.

Wider Implications: Technology, Tastes, and Time

Conventional approaches indicate that technological innovation, substitu-
tion, and improvements in resource management can help overcome
increasing relative scarcity. The model presented here suggests that, with
the proper use of technology and environmental management, the rate of
environmental degradation can be slowed down appreciably by reducing
the inflow of material and energy from the environment and the outflow of
waste. Some of the resource saving approaches that can be applied to eco-
nomic activity include:
(1) factor substitution, e.g., of labor power for energy;
(2) reusing scrap and waste materials;
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(3) increasing efficiency of resource conversion and utilization to obtain
the maximum amount of end-use energy and material for production
of final goods and services from primary inflows of resources;

(4) improving organizational techniques;
(5) changing composition of outputs, e.g., from non-durables to durables,

or from resource using goods to services; and
(6) changing product quality and/or design.

The technology needed to achieve these innovations may already exist.
However, such technologies may not be adopted unless new conservation-
oriented, macroeconomic policy goals are accepted. In addition to techno-
logical improvements, better techniques of resource management, appro-
priate planning of tourist facilities and conservation areas, and training and
dissemination of conservation skills will help as well. When applied to agri-
cultural systems, these techniques may also result in the added advantage of
increases in production.

However, resource-saving environmental management techniques may
not be implemented for a number of reasons. For example, many environ-
mental resources exist outside the gamut of market commodities, so auto-
matic market signals are inappropriate for determining allocation. More-
over, even if external environmental costs of depletion are calculated, there
is still no way of accounting for the decay of the ecological process itself,
especially since we do not have a clear understanding of the effects of pol-
lutants and resource depletion on ecological systems. In addition, given the
First and Second Laws of Thermodynamics, there are limits to how much
environmental degradation can be reduced. Finally, there is no way of
determining the trade-offs between future consumption and environmen-
tal quality, as we do not know the tastes and preferences of future genera-
tions.

Note
1. Harold Hotelling, “The Economics of Exhaustible Resources,” in Journal of

Political Economy 39(2), 137–75 (1931).
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Summary of

Introduction to the Steady-State Economy
by Herman E. Daly

[Published in Valuing the Earth: Economics, Ecology, Ethics, eds. Herman E. Daly 
and Kenneth N. Townsend (Cambridge, Massachusetts and London: The 

MIT Press, 1993), and in Economics, Ecology, Ethics: Essays Toward 
a Steady-State Economy, ed. Herman E. Daly (New York and 
San Francisco: W.H. Freeman and Company, 1980), 1–31.]

Paradigms in Political Economy

A paradigm, according to Thomas Kuhn, is an entire pattern of thought.
Discontinuous revolutionary changes in these patterns of thought that
occasionally occur are called paradigm shifts. When such shifts occur they
involve a gestalt, an element of faith, personal commitment, and values.
Because it changes the entire intellectual framework among scientists
within a discipline, a new paradigm must initially rely on its own criteria for
justification, because the relevant questions and answers may be absent
from the previous paradigm. Proponents of different paradigms may not
even agree on the fundamental problems and solutions.

The field of economics can point to several periods of paradigm shift.
During the mercantilist period, wealth was seen as based on precious met-
als that were converted into armies and thus national power. This wealth
was obtained by mining, international trade, and conquest. A good balance
of trade required low prices, so it was necessary to keep wages low. Later,
the Physiocrats shifted the primary focus to agriculture and land as the basis
of the economy. The classical economists brought about another shift, as
they saw labor as the primary source of wealth and were concerned with
how the product of labor was distributed among the social classes that
cooperated to produce it. The classical economists thought that “over the
long run, population growth and diminishing returns would unavoidably
channel the entire economic surplus into rent, thus reducing profit to zero
and terminating economic growth.”[3] Marx’s approach was quite similar
to that of the classical economists, but he focused more on the relationship
between the owners of the means of production and the non-owners. Marx
saw this class distinction as the central economic factor and believed that it
would lead to revolution.

Neoclassical economists shifted the paradigm back to the concept of indi-
vidual competition. Their central focus was on maximizing the amount of
wants satisfaction from scarce resources, given a certain wealth and income
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distribution. The means for this maximization was pure competition. John
Maynard Keynes, writing during the economic problems of the 1930s,
emphasized unused resources. While classical and neoclassical economists
had seen unemployment as an aberration, Keynes recognized it as the gen-
eral rule. In the present day Keynesian–neoclassical synthesis, economics
has become focused on full employment and optimal microeconomic allo-
cation of resources as measured by GNP. Growth in GNP is seen as neces-
sary to maintain full employment. The issue of distribution has receded into
the background; the goal of the economy is to make the total pie bigger so
that everyone can get more without changing the relative size of the parts.
Continuous growth in stocks and income is central to this paradigm, which
assumes that aggregate wants are infinite and should be served by making
aggregate production infinite.

Ends, Means, and Economics

Political economics has tried to avoid social conflicts by abolishing the idea
of scarcity by “promising more things for more people, with less for no one,
for ever and ever.”[7] Robert Solow has said that “the world can, in effect,
get along without natural resources.”1 Barnett and Morse have added to
this by stating that there are certain scarcities in nature, but not a general
scarcity of resources altogether. These statements have, however, ignored
the law of entropy, which tells us that nature does in fact present us with a
general scarcity. Nicholas Georgescu-Roegen has pointed out that “any use
of natural resources for the satisfaction of nonvital needs means a smaller
quantity of life in the future.”2

Standard economic textbooks have defined economics as the study of the
allocation of scarce means among competing ends. We may begin with a
reconsideration of these ends and means as the starting point of a paradigm
shift in economics toward a steady-state economy.

Humanity’s ultimate economic concern is to use ultimate means in the
service of ultimate ends. The ultimate end is that which is intrinsically
good, while the ultimate means is all of the “useful stuff” in the world, i.e.,
low-entropy matter-energy. All intermediate categories are ends with
respect to lower categories, and means with respect to higher categories.
The intermediate ends that can serve as means to the ultimate end include
health, education, etc., while intermediate means are the physical stocks,
“which can be viewed as ends directly served by the use of ultimate means
(the entropic flow of matter-energy, the throughput).”[9] The discipline of
political economy corresponds to the progression from intermediate means
to intermediate ends, while ethics and religion are concerned with achiev-
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ing ultimate ends. Thus far economics has not dealt sufficiently with either
ultimate means or ultimate ends.

Economic growth implies the creation of “ever more intermediate means
(stocks) for the purpose of satisfying ever more intermediate ends.”[10]
The unlimited availability of ultimate means to satisfy the ever-growing
demand for intermediate means is never questioned because it is believed
that technology can continuously substitute new resources for old ones. It
is likewise believed that intermediate means are only scarce because the
human capacity to transform ultimate means to intermediate means has not
yet reached its full potential. Orthodox economists also view people’s inter-
mediate ends as increasing continuously, unconstrained by ultimate ends.
From this perspective, then, economic growth is justified and expected to
go on forever.

However, economics needs to consider intermediate ends and means in
the context of ultimate ends and means. The finiteness of the ultimate
means must limit the possibility of growth, while competition among ends
will limit the desirability of growth, and these factors together provide an
economic limit to growth. A new economics should ask how to use ultimate
means to best serve the ultimate end, while viewing the ultimate means in
the context of the entropy law and ecology, and the ultimate ends with a
“concern for future generations and subhuman life and inequities in cur-
rent wealth distribution.”[11]

The Steady-State Economy

To put our discussion of a steady-state economy in the proper context, it is
necessary to consider the quantitative and qualitative differences between
rich and poor countries. The ratio of gross national product (GNP) to total
population is the measure used most often to distinguish between rich and
poor.

Quantitatively, the rate of growth in population is much higher in poorer
countries than in rich ones, and the fertility in poor nations is roughly twice
that of the rich. Fertility rate is the most consistent index for dividing rich
from poor countries. Qualitatively, the incremental population in poor
countries tends to be among hungry illiterates. Moreover, each incremen-
tal person contributes negligibly to production, but also makes only mini-
mal demands on world resources. In rich countries the incremental popu-
lation consists mostly of well-fed members of the middle class; each
incremental person contributes substantially to GNP and at the same time
puts a more severe strain on world resources.

Quantitatively, GNP has grown 4–5% per year in both rich and poor
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countries, but because poor countries have more population, their per
capita growth is much slower. The incremental GNP of rich and poor coun-
tries finds qualitative significance in two economic laws: (1) the law of
diminishing marginal utility; and (2) the law of increasing marginal cost.
The first law states that people act to satisfy their most pressing needs first,
and units of income spent afterward satisfy less pressing needs. The second
refers to the actions of producers, who use the best quality and combina-
tions of factors of production first and only substitute with lesser ones when
they run out of the best. When applied to GNP, the first law suggests that
the marginal benefits of increasing output are decreasing, while the second
indicates that the marginal costs are increasing.

These laws imply that at some point an extra unit of GNP will cost more
than it is worth. This may already be the case in richer countries such as the
United States, where growth now means more electric toothbrushes and
other luxury items. In poorer countries, however, growth still means more
food, clothing, shelter, etc. Thus economic growth should still be advo-
cated in poor countries, but not in the rich ones. Population growth
should, however, be discouraged for both.

The Nature and Necessity of the Stationary State

The concept of a stationary (steady) state can be traced to the great classi-
cal economist John Stuart Mill, who said that “at the end of what they term
the progressive state lies the stationary state, that all progress in wealth is
but a postponement of this, and that each step in advance is an approach to
it.”3 A steady state means a constant stock of physical wealth (capital) and
a constant population. Low throughput rates are also necessary. This means
lowering both production and consumption for stocks of wealth, and low-
ering both the birth rate and the death rate for population stocks. High
throughput rates are impracticable because they take more production
inputs from the earth and deposit more harmful wastes to it. To maintain
low throughput rates it is necessary to focus on both the size and the dura-
bility of stocks. Durability of stocks raises not only the question of how
long something will last, but also how well it can be recycled (keeping in
mind that the entropy law prohibits 100% recycling).

The classical economists expected depletion limits to make the steady
state necessary, but in fact the pollution limits seem to be more important.
Limits on the pollution side have so far received little attention, however,
because while depletion costs are private, pollution costs are social. Air and
water are assumed to be free to all and, as Garrett Hardin has pointed out,
they are therefore exploited. Of all of the paradigms discussed above, only
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the Physiocrats emphasized human dependence on the earth. Economics
should return to that basic notion.

Economic and Social Implications of the Steady State

The economic and social implications of a steady state are fundamentally
different from the neoclassical model, and thus require revolutionary
change. “The physical flows of production and consumption must be min-
imized, not maximized subject to some desirable population and standard
of living.”[21] In addition, the central concept should be the stock of
wealth, which must be kept constant, rather than the flow of income and
consumption. If production flows are kept low, then the focus of econom-
ics will be on the distribution of the stock of wealth, rather than on the dis-
tribution of the flows of income.

An interesting analogy can be drawn from the concept of ecological suc-
cession to illustrate this point. Young ecosystems have a high production
efficiency, while mature ones have a high maintenance efficiency. For a
given stock, young ecosystems maximize production flow, while mature
ones minimize it. Similarly, if physical stocks are held constant, then in eco-
nomics “growth must be in nonphysical goods: service and leisure.”[22]
The price of material-intensive goods and activities should increase relative
to that for time-intensive ones. The benefits of technological progress
should therefore be in the form of increased leisure as opposed to increased
production of goods. Bertrand Russell was a proponent of this approach
and expressed it through the hypothetical example of pins. If it takes a cer-
tain number of workers eight hours a day to manufacture enough pins for
the entire world, and someone then invents a method for making twice as
many pins in the same time, then in today’s world we would go on work-
ing the same amount of time and produce too many pins. In a steady state,
however, the world would continue to produce the same amount of pins,
but in half the time.

Economic growth continues to be justified on the grounds that it is nec-
essary to maintain full employment to facilitate the “income-through-jobs-
ethic of distribution,” and because it “takes the edge off of distributional
conflicts.”[23] If everyone’s income is increasing, then there is less ten-
dency to fight over relative shares. However, if we maintain constant phys-
ical stocks and utilize technology to create leisure, then “full employment
and income-through-jobs are no longer workable mechanisms for distribu-
tion.”[24] We should therefore try to identify and create institutions that
will be able to facilitate keeping stocks of wealth and people constant, while
infringing as little as possible on individual freedom.
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An Emerging Political Economy of Finite Wants and
Nongrowth

The requirement for economic growth has also been linked to the assump-
tion of infinite wants. This is manifest in the definition of GNP, where
growth is the “satisfaction of ever more trivial wants while simultaneously
creating ever more powerful externalities which destroy ever more impor-
tant environmental amenities.”[25–26] Keynes stated, however, that wants
should be separated into two classes: absolute needs and needs that make
us feel superior to other humans. Keynes thought that the latter category
of wants may be insatiable, but with respect to absolute needs, “a point may
soon be reached, much sooner perhaps than we are all of us aware of, when
those needs are satisfied in the sense that we prefer to devote our further
energies to noneconomic purposes.”4 A steady-state economy focuses on
the satisfaction of these absolute needs. Regarding those needs reflecting a
desire for superiority over our fellows, we should ask, as the prophet Isaiah
did, “Is there not a lie in my right hand?”(Isaiah 44: 14–20)
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The three basic goals of an economic system must be efficient allocation,
equitable distribution, and sustainable scale. The first two have a long his-
tory in economic theory, and specific independent policy instruments have
been developed for their realization. However, scale has not been formally
recognized in economic theory, and no corresponding policy instrument
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has been developed. In practice, however, where real problems must be
acknowledged and addressed, scale has implicitly been recognized as a sep-
arate and distinct area of concern. This has occurred especially in the prac-
tice of issuing tradeable permits for resource depletion and pollution rights.

The basic definitions of the three goals and their policy mechanisms are
as follows:
(1) Allocation: This entails the channeling of society’s scarce resources to

their alternative productive uses. An allocation is considered efficient
when resource distribution satisfies material needs in conformity with
individual preferences, as weighted by the ability to pay. The policy
instrument that produces this outcome is the price mechanism of com-
petitive markets.

(2) Distribution: This is the division of final goods and services. A good
distribution is one that is considered just or fair, i.e., one in which the
degree of inequality is confined within an acceptable range. The policy
instruments used to achieve this goal are transfers, such as taxes and
welfare payments.

(3) Scale: Scale is the “physical volume of the throughput, the flow of mat-
ter-energy from the environment as low-entropy raw materials, and
back to the environment as high-entropy wastes . . . It is measured in
absolute physical units, but its significance is relative to the natural
capacities of the ecosystem to regenerate the inputs and absorb the
waste outputs on a sustainable basis.”[186] Though scale is usually
measured in monetary terms (e.g., per capita resource use), through-
put might better be measured in terms of embodied energy, and the
economy viewed as an open subsystem of the larger, but finite, closed,
nongrowing ecosystem. Thus the scale of an economy becomes signif-
icant relative to the fixed size of the ecosystem, and it can be consid-
ered sustainable if it is not eroding the carrying capacity of the ecosys-
tem. Sustainability is an important characteristic of the optimal scale.
We may very generally define the optimal scale as that sustainable scale
at which the combined services of both human-made and natural cap-
ital are as great as possible.

Standard economic theory has neglected the importance of scale in two
opposite ways. First, it has assumed that environmental resources and sinks
are infinite relative to the scale of the economy. Second, it has assumed that
nature is just one more sector in the economy and that allocative decisions
merely move natural resources between alternative uses. Consequently,
scale is not seen as a constraint, and policies continue to encourage growth,
producing demands on the ecosystem that are increasingly serious and
unsustainable. Thus there is a need for a separate policy instrument to con-
trol scale.
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The usual way of dealing with scale is to subsume it under allocation; i.e.,
get the prices right and you are assured of an efficient allocation of
resources. If productive facilities tend toward larger scales, it is assumed
that this merely reflects efficient individual evaluations that the marginal
benefits of scale exceed the marginal costs to the environment. Of course,
these individual determinations may be biased by externalities, but the
“right prices” ought to have internalized those external costs.

In practice, nature is excluded from the world of commodities whose
value, or opportunity costs, are measured by market prices. As a result, mar-
ginal ecosystem services sacrificed for increased production are not ade-
quately balanced against the marginal social benefit of larger population or
greater per capita resource use. Traditionally it has been assumed that by
imputing “shadow prices” for these hidden costs a reasonable assessment of
opportunity costs can be made. This, however, requires heroic assumptions
about our capacity to quantify the costs to the ecosystem; “discontinuities,
thresholds and complex webs of interdependence make a mockery of the
idea that we can nicely balance smoothly increasing ecosystem costs with
the diminishing marginal utility of production at the macro level.”[190]

The plain truth is that among the three parameters, allocation is the only
one that can be satisfactorily resolved through the price mechanism. “Dis-
tribution and scale involve relationships with the poor, the future, and
other species that are fundamentally social in nature rather than individ-
ual.”[190] Prices that may reveal the opportunity cost of reallocation are
irrelevant to measures of the opportunity costs of redistribution or of
changes in scale. These are parameters that are subject to ethical judgments
and are not reducible to a simple willingness to pay criterion. Pretending
that these social choices exist on the same moral plane as the choice
between chewing gum and shoelaces “seems to be dominant in economics
today and is a part of the retrograde modern reduction of all ethical choice
to the level of personal tastes weighted by income.”[191]

Economists today correctly keep distribution and allocation quite sepa-
rate, and the same must be done for scale issues as well. We may use “the
life-saving metaphor of the Plimsoll line on a boat. In loading a boat we
also have the problems of allocation and scale—allocating or balancing the
load is one problem (a microeconomic problem), and not overloading even
a well-balanced boat is another problem (a macroeconomic problem). . .
Economists who are obsessed with allocation to the exclusion of scale really
deserve the environmentalists’ criticism that they are busy rearranging deck
chairs on the Titanic.”[191–92]

Some economists (Norgaard and Howarth) have recently endeavored to
subsume scale under distribution by focusing on future generations. A sus-
tainable scale is determined by an intergenerational distribution of the
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resource base that is fair to those in the future. Thus, through intertempo-
ral discounting we may efficiently provide for the future. Apart from the
numerous difficulties with assessing a “discount rate” for the future that
will truly produce a just intergenerational distribution, the question of opti-
mal scale is complex and goes beyond merely being able to pass on a sus-
tainable system to the future. For example, the scale of human activities can
become too large for the present, resulting in the destruction of nonessen-
tial species and habitats, and yet through rigorous and costly management
this oversized economy may be sustainably passed to the future. “For this
reason scale cannot be totally subsumed under distribution, although it
must be admitted that scale issues do overlap with one part of distribution,
the intergenerational part, to a considerable degree.”[193]

The best policy is to treat the three goals independently. One example of
such a policy is the use of tradeable pollution permits. In practice, this pol-
icy would require the following steps:
(1) Creation of a limited number of rights to pollute in which the total

level of pollution is limited to the absorption capacity of the airshed
and watershed and is thus sustainable. Far from ignoring scale, this
policy requires us to deal with this issue at the outset.

(2) Distribution of these rights to different people—i.e., to citizens or
firms directly, or perhaps to a public body that can auction or sell them
to individuals.

(3) Reallocation of the permits among individuals through markets in the
interest of efficiency after the scale and distributional issue is settled by
the first two steps. This separation of allocation and scale requires the
number of permits to be fixed, but the price must be allowed to vary.
In this system, environmental costs will be borne by those firms
responsible for the generation of pollution that will be willing to pur-
chase the permits if it is profitable and efficient to do so. Those firms
unwilling to pay to buy the permit will have to develop sustainable
methods of production.

In this example, both scale and distribution are determined by a social
decision, not prices. These scarce rights, subject to socially determined lim-
its, are then allocated efficiently through trading. “If operationality (the
congruence of abstract concepts with policy instruments) is a criterion for
judging theories, then the theoretical separation of scale and allocation
advocated here is superior to the neoclassical approach of lumping them
together, because the latter requires nonoperational assumptions to save
appearances of methodological individualism, while the former is already
being accepted in the practical policy of tradeable permits.”[193]
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It is important to differentiate between the terms growth and develop-
ment. Growth is a “quantitative increase in the scale of the physical dimen-
sions of the economy; i.e., the rate of flow of matter and energy through
the economy (from environment as raw material and back to the environ-
ment as waste), and the stock of human bodies and artifacts.”[323] Devel-
opment is the “qualitative improvement in the structure, design, and com-
position of physical stocks and flows, that result from greater knowledge,
both of technique and of purpose.”[323] An economy can experience devel-
opment without growth; just as the ecosystem has developed but not actu-
ally grown, so can an economy.

On a finite earth there are biophysical and ethicosocial limits to the
growth of aggregate output, but there may not be any limits to develop-
ment. Neoclassical economics assumes, however, that it is biophysically
possible and socioethically desirable for aggregate output to grow. This
article discusses the biophysical and socioethical limits to growth and the
associated welfare losses when these limits are reached.

Biophysical Limits

The economy is a subsystem of a larger, finite ecosystem in which low-
entropy raw materials are extracted and high-entropy waste is absorbed.
The growth of the subsystem is limited by the size of the overall ecosystem,
by the amount of low-entropy raw materials available, by the ability of the
larger system to absorb high-entropy waste, and by “the intricate ecologi-
cal connections which are more easily disrupted as the scale of the eco-
nomic subsystem grows relative to the total ecosystem.”[324] These bio-
physical limits are interrelated. The finite nature of the larger subsystem
would not be an issue if everything could be recycled; however, entropy
makes complete recycling impossible. If sinks for high-entropy waste and
sources of low-entropy raw materials were infinite, then there would not be
an entropy problem; however, “the fact that both are finite, plus the
entropy law, means that the ordered structures of the economic subsystem
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are maintained at the expense of creating a more than offsetting amount of
disorder in the rest of the system.”[324]

Time and space must also be counted as finite and limited. Tasks or
processes (e.g., production, consumption, resource regeneration, and recy-
cling) that can be completed in one time frame may be impossible in
another. Linder has shown that the relative price of time in terms of goods
has increased because the productivity of labor time has also increased. We
then assume that the marginal return on nonwork time should equal the
higher productivity of work time, but the congestion of time that results
may cause a total welfare decline even as economic welfare increases.

In former peasant economies, the primary source of low entropy was the
sun, but modern economies rely on terrestrial ecosystems. However,
dependence on energy supplied through terrestrial ecosystems “interferes
with the life support services rendered to the economy by other species and
by natural biogeochemical cycles”[324–325] and should therefore be
counted as a cost to growth. This reliance on terrestrial ecosystems has
resulted in both the “drawdown” of mineral stocks and the “takeover”’ of
the habitats of other species, as suggested by W. Catton. In fact, present
growth is based on drawdown.

The laws of thermodynamics are central to the concept of biophysical
limits on economic growth. The First Law of Thermodynamics, which
states that matter can not be created or destroyed, has been respected in
modern economics, as production functions are required to respect this
materials balance constraint. However, the Second Law (the entropy law)
is not widely understood. “The rearrangement of matter is the central phys-
ical fact about the economic process,”[326] and the capacity to rearrange
this matter has been termed low entropy, which is easier to rearrange than
high entropy. The Second Law of Thermodynamics shows that low entropy
is transformed to high entropy during economic rearrangement. Econo-
mists have applied their notions of the circular flow of money to flows of
matter and energy, but this is incorrect, as the Second Law indicates that
the flow of matter/energy is linear. Low entropy is extracted, used, and
goes back to the environment as high-entropy pollution. 

It is becoming evident that we are approaching these biophysical limits.
The Global 2000 report to the President of the United States stated that
by the end of the next century we will be approaching a population of 30
billion people, which is estimated to be close to the maximum carrying
capacity of the earth. In addition, the per capita production of forests, fish-
eries, etc. has peaked and even begun to decline. Finally, as a result of the
takeover of the habitats of other species, the total number of species is pre-
dicted to decrease 20% by the year 2000. 



Herman E. Daly 127

Ethicosocial Limits

Independent of whether or not biophysical limits have been reached, there
are four socioethical reasons why growth may not be desirable. They are
presented in the following subsections. 

Limits to Drawdown 
We have a moral obligation to future generations that should limit present
growth. Future generations will not have access to the minerals and bio-
logical gene pools that are used up by present generations. The basic needs
of the present should always come first, but luxuries of the present genera-
tion should not. Future generations cannot act in present markets, so our
present economic actions should show a moral concern for the future.

Talbot Page has outlined individualistic and collective expressions of
these moral concerns for the future. Individualistic concern for the future
has been expressed by the discount rate, in which present individuals con-
sider the welfare of future generations. Collective concern is manifest in an
empathy for future generations similar to the Rawlsian concept of a “veil of
ignorance.” In this approach, fairness is achieved because the generation
making a choice does not know where in the temporal sequence it lies. The
collective concern approach protects future generations more effectively
than the individualistic approach (using the discount rate) because the lat-
ter is still only limited by the preferences of the present generation.

It has been difficult for humans to include future generations within our
moral horizon because we tend to lose the concept of “ours” after great
grandchildren. Beyond this, future people are seen as a social product
rather than an individual one, and responsibility for them must be effected
through collective action. In the end, “present claims should dominate
future claims only up to some level of resource use that is sufficient for a
good life for a population that is sustainable at that level.”[329]

Limits to Takeover 
Economic growth requires more space for more stocks of more people and
artifacts, and for more sources of raw materials and more sinks to absorb
waste. However, it is evident that other species have instrumental value to
our economy, and these species need space. On a finite planet the needs for
space present an instrumental limit to the amount of takeover. Another
limit to takeover comes from the intrinsic value of these other species,
regarded as sentient beings whose own “utility” should be taken into
account. These claims of intrinsic worth should represent a limit of some
kind, although this limit is difficult to calculate. The limits to drawdown are
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also relevant here because takeover of habitat and extinction are irreversible
acts—i.e., a drawdown—and thus represent a cost to future generations.

Limits from the Self-Canceling Effects of Aggregate Growth 
Aggregate economic growth may not always mean an increase in social wel-
fare. The Easterlin Paradox questions the supposition that there is a posi-
tive correlation between income and happiness: “a larger percentage of rich
people rated themselves as ‘very happy’ than did poor people—just as
everyone would expect. But for different countries with very different
income levels the differences in reported happiness are small.”[331] In
view of this, there are four cases that illustrate the self-canceling effects of
aggregate growth. First, happiness is a function of relative income, but
everyone’s relative income cannot increase; aggregate growth therefore has
a self-canceling effect. Second, happiness is often a response to a temporary
adjustment to a higher income; unhappiness may then be the reverse.
Third, as we become goods-rich, we also become time-poor because of the
increasing productivity of labor time, so we are less able to afford time-
intensive activities. Finally, it has been shown that as growth increases, sat-
isfaction from work decreases. “The implication of these self-canceling
effects is that growth is less important for human welfare than we have
heretofore thought.”[333]

Depletion of Moral Capital as a Limit to Growth 
Adam Smith argued that in addition to the restraining hand of competition,
individuals in pursuit of their own self-interest would not harm the com-
munity because of restraints on behavior derived from shared morals, reli-
gion, custom, and education. However, this is contrary to or forgotten in
the modern concept of growth. The idea that a type of economic action
should not be carried out because of moral constraints is considered “sub-
versive.” Theists E.J. Mishan and C.S. Lewis pointed out that our pursuit
of the advancement of science has left these moral considerations out of the
supply side, to the extent that “scientific materialism and cultural relativism
actively undercut belief in a transcendental basis for ethical value, which
undercuts moral consensus, which undercuts the minimum moral restraint
on self-interest presupposed by Adam Smith and most of his follow-
ers.”[334] In addition, as Mishan has pointed out, common morality has
become fragmented, so it is difficult to argue in favor of underlying morals,
and they are therefore scrapped. On the demand side, “the glorification of
self-interest and the pursuit of ‘infinite wants’ leads to a weakening of moral
distinctions between luxury and necessity.”[335] Moreover, moral con-
straints on demand are inconvenient in an economy based on growth, so
the growth economy leads to the erosion of the very values upon which it
is based.
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Throughout the ages, man’s image of his environment has always been
tempered by the existence of an inexhaustible frontier somewhere beyond
the known world, an illimitable plane in which respite could be found once
one’s immediate surroundings deteriorated socially or environmentally.
More recently, man has had to become accustomed to the notion of a finite
earth and a closed sphere of human activity. However, it was not until
World War II and the air age that the global nature of our lives really
entered the popular imagination, and in the intervening period we have not
entirely come to terms with this transition from the illimitable plane to the
closed sphere. Economists in particular have failed to come to grips with
the ultimate consequences of this transition.

Humankind is, in fact, quite unfamiliar with closed systems. Almost by
definition, an entirely closed system would be unknowable unless we are
participants in it. Overwhelmingly it is open systems, structures maintained
in the midst of a throughput from inputs to outputs, with which we are
familiar. Indeed, human life itself is an open system. We must receive inputs
of air, water, and food and give off outputs of effluvia and excrement.
Human societies have likewise been open, drawing upon inputs from the
earth, the atmosphere, and the waters, and depositing wastes into the same.
If there is an infinite capacity to draw upon these inputs and dispose of the
outputs in perpetuity, then such an open system can survive indefinitely.

The world economy or “econosphere” is still an open system with respect
to three important classes of inputs: matter, energy, and information. For
example, materials pass from the non-economic into the economic sphere
as they are utilized to produce goods, then pass back into the non-eco-
nomic arena as they lose their usefulness and are discarded. With respect to
the energy system, the econosphere utilizes inputs of available energy in the
form of water power, fossil fuels, sunlight, etc. Water and solar power can
be viewed as a kind of energy income, while fossil fuels represent a capital
stock of stored-up sunshine. Relatively few activities can be based on the
available energy income, and so in the advanced societies energy use has
been heavily supplemented by the use of fossil fuels, i.e., by dipping into
the capital stock. By so doing, we have been able to maintain a vastly larger
energy input into the system. However, this supplementary input is, by its
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very nature, exhaustible. Finally, from the human perspective, information
is the most important of the three systems; it is only through knowledge
that matter acquires significance and enters the econosphere. Technology is
knowledge that has been accumulated and embodied in capital, and this
accumulation is the key to human development of all kinds.

Loosely formulated, the concept of entropy can be applied to these sys-
tems. In the material system, there are entropic processes that take con-
centrated materials and diffuse them over the earth’s oceans and through
the atmosphere. There are also anti-entropic processes, whereby diffuse
matter is gathered and concentrated. Since there is no law of increasing
material entropy, it is possible to go on concentrating material elements
given sufficient energy inputs.

In the energy system, however, there is no escape from the grim Second
Law of Thermodynamics. If there were no energy inputs into the earth,
developmental processes would be impossible. Moreover, the energy inputs
that we extract from the earth are strictly limited. Even the most optimistic
estimates suggest that, at current levels of usage, readily available supplies
of fossil fuel will be exhausted within several centuries. This rate of use will
accelerate with population growth and as other nations begin to approach
the levels of energy consumption seen in the United States. Nuclear tech-
nologies have not fundamentally changed this picture, as the supplies of fis-
sionable materials remain limited. If fusion should become technically fea-
sible, then the picture would be significantly altered and our time horizon
would extend to the point that we would essentially have an open system.
Failing this, however, the time when man will be forced once more to rely
entirely upon the current energy from the sun is not too far distant.

The closed earth of the future requires economic principles that are
entirely different from the open “cowboy” economy of the past, principles
best embodied in the imagery of a “spaceman” economy, in which the
earth has become a spaceship. In the spaceship we are profoundly aware of
both the limited resources available and the limited reservoirs for waste dis-
posal. We must develop a cyclical ecological system that is capable of con-
tinuous reproduction of material, in which success is not quantitatively
measured in terms of throughput and consumption, but rather is a measure
of the nature, extent, quality, and complexity of the total capital stock. “In
the spaceman economy, what we are primarily concerned with is stock
maintenance, and any technological change which results in the mainte-
nance of a given total stock with a lessened throughput (that is, less pro-
duction and consumption) is clearly a gain.”[259]

This notion that production and consumption are, in fact, bad things is
a difficult one for economists who have been obsessed with income-flow
concepts to the virtual exclusion of capital-stock concepts. There are indeed
tricky and unsolved problems in this issue of whether human welfare is best
captured in stock or flow measurements. Is it, for example, eating that is
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most important, or being well fed? The stock concept is actually the more
fundamental one. If it is true that we eat primarily to maintain a condition
of being well fed, then the less we can eat to maintain that condition, the
better off we shall be. Of course, we can not exclude the possibility that
there is also a value in the eating (or producing) in and of itself.

Perhaps we ought not concern ourselves with these questions. The space-
man economy might well be a long way off. We could spend, pollute, and
extract, go on increasing GNP, and leave these future problems to the
future. When problems arise in the future, with respect to scarcity of
resources or pollutable reservoirs, the needs of the then present will deter-
mine the solutions of the then present. This approach, which leaves to pos-
terity the onus for resolving these issues, can be a difficult one to refute.
After all, what can one say to the man who says “what has posterity ever
done for me?”

Conservationists must fall back upon vague ethical arguments and prin-
ciples that rely upon an identification with a larger community, one that
extends not only back in time but also into the future. With this in mind,
it is important to stress that the welfare of the individual depends in large
part upon the extent to which he can identify himself with others in a com-
munity, both spatially and over time. Once that identification is secure,
then posterity does have a voice in the present. Moreover, it must be
stressed that the shadow of the future falls heavily upon us today. This fact
is most evident with respect to pollution. Thus it is not only for posterity’s
sake that we must change our approach.

All of these problems are large scale and may not seem immediate, but
our success in dealing with the big problems is not unrelated to our ability
to confront the more immediate, less difficult ones. One can only hope that
the succession of smaller, immediate crises will, in mobilizing support for
solutions to those problems, lead to an appreciation of, and perhaps solu-
tions to, the larger, more intractable problems.

Summary of

Steady-State Economies and the Command Economy
by Kenneth N. Townsend

[Published in Valuing the Earth: Economics, Ecology, Ethics, eds. Herman E. Daly and
Kenneth N. Townsend (Cambridge, Massachusetts and London: 

The MIT Press, 1993), 275–296.]

One of the legacies of the centrally planned economies throughout East-
ern Europe, the former USSR, and China is the advanced state of environ-
mental deterioration. Lopsided investment in heavy industrialization with
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little regard for the environment has produced rising morbidity and mor-
tality rates throughout the East. The deceptively green landscape is “cont-
aminated with heavy metals, radioactive fallout, and incredibly high levels
of deposits of the oxides of sulfur and nitrogen from the smokestacks of
industry. In many command economies water is so polluted that it is often
unfit even for industrial cooling applications, and air is so foul that school
children must periodically be removed from their homes to more hos-
pitable climes to cleanse their lungs of airborne contaminants. Destruction
of the environment points to a critical failure of communism.”[276]

Environmental Protection in a Command Economy

The historical emphasis on growth in modern society has led to attempts
by humans to control the natural environment so as to yield a higher con-
tinuous output than is provided in a state of nature. The Russian mineral-
ogist Vladimir Vernadsky’s monumental work, The Biosphere (1926), was a
recognition that the growth in the scale of human activity would have dan-
gerous consequences for the biosphere and would run up against limits
imposed by the finite availability of low-entropy materials and energy. He
believed that people must collectively organize and transform the biosphere
into a rationally managed system to meet not only their material needs but
their aesthetic and spiritual needs as well; this system he called the noo-
sphere. This idea is similar to that found in Marxist thought where, once
property has been socialized, man “for the first time becomes the real, con-
scious lord of Nature, because he has now become master of his own social
organization.”1

It is these thoughts that form the foundation of Eastern environmental
philosophy. While in the West an ideal environment is pictured as a pristine
natural environment, in the East it is seen as rational, ordered structures
imposed on the character of nature by human effort. In spite of Vernadsky’s
prominence during the formative years in the development of the com-
mand economy in the East, the type of development pursued in these
economies seems to have been little affected by his insight that human
growth and activity must be organized on a scale that is compatible with
constraints imposed by the biosphere. Thus large-scale projects that funda-
mentally alter the environment to better suit human needs have been pur-
sued with striking disregard for environmental limits. Attempts to reverse
the flow of rivers or drain the Aral Sea for irrigation stand as catastrophic
examples of this “rational approach.”

In theory, environmental degradation should not have occurred under
communism. Marxist–Leninist doctrine held that such problems arise only
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within a capitalist organization of the means of production. Problems of
market failure—for example, when an individual bears only a fraction of an
environmental cost of his or her activity by disposing of harmful wastes in
the “commons”—should be rendered moot once all property is commonly
held and production is managed by the state, since the state will have to
bear these external costs as well.

The state’s role as the bearer and enforcer of all social cost remained a
theoretical one. In reality, overwhelming emphasis in the planning process
was placed upon growth. The state “did not wish to slow itself down with
anything as mundane as environmental cost, especially when natural
resources are in Marxist theory supposed to be free.”[281] This perception
of costless resources was buttressed by the vastness of the endowment and
the sheer size of the environment available as a waste dump in such places
as the USSR and China. Thus, the levels of industrial growth achieved in
both countries significantly raised the material standard of living, but at a
tremendous environmental cost. 

In the 1970s, scholars such as Soviet economist V. Alekseev recognized,
as Vernadsky had fifty years earlier, that there were limits to growth that
even socialism could not overcome. Nevertheless the system of central
planning failed to produce policies that substantially reduce the damage
being inflicted upon the biosphere. The five-year plans invariably empha-
sized heavy industrialization, in which large-scale plant design coupled with
energy inefficiency produced intense pollution of the immediate environ-
ment. Modern enterprises in the Eastern Bloc and China exhibit some of
the highest levels of energy use and pollution per unit of GNP in the world.
A survey of environmental conditions in the former and present command
economies reveals a pattern of advanced ecological deterioration that is a
testimony to the irresponsible attempts to dominate nature under commu-
nism.

Achieving a Steady State in Eastern Economies

“Marx, Engels, Lenin, and Mao all shared the honorable vision of improv-
ing the human condition in advocating a communistic economy. Unlike
Vernadsky, however, they shared a preanalytic vision of the world in which
the human economy would not likely exhaust the spontaneous gifts of
nature.”[290] In large measure, the capitalist societies share this preanalytic
vision of infinite sources and sinks. Relatively more efficient capitalist
economies have been able to get away with this faulty vision for longer,
while command economies, with their production and pollution inefficien-
cies, have collapsed.
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One danger is that the East will think that a market system will solve its
problems and permit permanent growth on an ever-expanding scale.
Instead, policies that will result in the creation of steady-state economies
must be advocated. This will involve limiting the throughput of resources
used in production to levels commensurate with both sustainability and
achievement of reasonable living standards. This is best achieved by allow-
ing maximum individual choice through microvariability in resource allo-
cations made within a “mutually coerced, mutually agreed upon” set of
total limits on production and pollution. For example, marketable resource
use permits or pollution permits could be used, as opposed to more cum-
bersome command and control procedures. Limiting births through a sys-
tem of marketable permits may reduce environmental stresses as well.

Unlimited economic growth is not possible in a biosphere with limited
capacity both to yield material and energy resources and to absorb eco-
nomic wastes. Whatever regulations are ultimately used, it is important to
recognize the need to reconsider the efficacy of growth for its own sake.
Attempts should instead be made to develop the economy by improving
the efficiency with which existing levels of stocks of physical capital yield
utility for consumers. “Sooner or later, . . . the economies of the world
must achieve a rational, ordered noosphere in which the hallmark of the
economy is development, not growth.”[293]

Note
1. Frederick Engels, Socialism, Utopian and Scientific, ed. John E. Elliot (Santa

Monica, California: Goodyear, 1981), 479-80; cited by Townsend, 277.
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Summary of

Allocation, Distribution, and Scale as Determinants 
of Environmental Degradation: Case Studies 

of Haiti, El Salvador, and Costa Rica
by George Foy and Herman E. Daly

[Published in World Bank Environment Department Working Paper No. 19, 1989,
and reprinted in Environmental Economics, eds. Anil Markandya and Julie Richardson

(London: Earthscan Publications Ltd., 1992), 294–315.]

(Editor’s note: The original article classifies and evaluates environmental problems in
three Latin American countries: Haiti, El Salvador, and Costa Rica. This summary only

includes Haiti because of the similarity in both methodology and 
content of the three examples.)

Three related, but conceptually distinct causes of environmental prob-
lems are considered here in evaluating the environmental problems of
Haiti: allocation, distribution, and scale.

Concepts and Theory

The satisfaction of all human wants is ultimately derived from the environ-
ment, either directly or indirectly. Economic development has historically
been characterized by a shift from direct to indirect use of the environment.
Environmental problems are defined as any degradation in the assimilative
and regenerative capacities of the environment. This degradation may
occur due to reasons of allocation, distribution, or scale.

Allocation refers to the flow of resources among alternative uses. Alloca-
tions are said to be optimal or efficient when prices of resources reflect their
marginal opportunity costs. Misallocations of resources may occur due to
government actions or market failures. Problems of misallocation are solved
by encouraging policies that breed competition rather than rent seeking,
and by developing institutions that define property rights in public goods
settings.

Distribution refers to the division of output among individuals or fami-
lies. Distributions may be categorized as just or unjust in an ethical sense,
and as skewed or even in a statistical sense. Maldistribution of resources in
an economy limits people’s options and their participation in the political
process, which may result in environmental problems.

Scale, which is a macro-level concept, refers to the total flow of resources
through the economic subsystem, beginning with depletion of resources
and ending with pollution. Scale depends on the population and the per
capita resource use in an economy. The most important aspect of scale for



136 Part III. Theoretical Frameworks and Techniques

an economy is whether it is sustainable or not. Sustainability depends on
both the physical scale of the economy and the physical capacities of the
environment.

It is important to clarify the distinction between allocation and scale:
allocation decisions are micro in nature, and scale issues are macro. The pri-
mary reason for allocative efficiency is to maximize the present value of
wealth of an economy, while the primary reason for scale criteria is to
ensure the sustainability of the economy within environmental limits.
Allocative decisions depend on prices, whereas scale decisions depend on
ecological criteria. Efficient allocation of resources does not ensure optimal
scale of the economy.

Case Study I: Haiti

The case study is divided into five subsections:
(1) key environmental problems;
(2) scale of resource use as a cause of environmental problems;
(3) allocative causes of environmental problems;
(4) distributional causes of environmental problems; and
(5) recommendations. 

Key Environmental Problems 
Haiti’s foremost environmental problems are deforestation and soil ero-
sion. Only 7–9% of forest cover remained in 1979 in a country that was
once completely covered by forests. While only 29% of the land is consid-
ered suitable for cultivation, 49% is actually cultivated. The depletion of
forests has led to soil erosion, and deforestation and soil erosion together
have resulted in declining agricultural productivity, increasing urban flood-
ing, rural-to-urban migration, and loss of wood, a primary source of
energy. 

Scale of Resource Use as a Cause of Environmental Problems 
Population increases are the primary cause of pressure on the land in Haiti
and are therefore responsible for soil erosion, especially because the fallow
period when secondary vegetation and soils can regenerate has been dras-
tically shortened. Haiti attempted to ameliorate its population pressures by
encouraging emigration in the late 1970s, but recent policy changes in
receiving countries have reduced the level of emigration. Per capita
resource use is not high in Haiti, and it does not contribute substantially to
the increasing scale of the economy. Population control is a prerequisite for
Haiti to develop sustainably.
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Allocative Causes of Environmental Problems 
There are a number of reasons for misallocation of resources in the Haitian
economy, including:
(1) There is inadequate expertise and personnel in both forestry and soil

and water conservation.
(2) The government has imposed taxes on coffee exports and import

restrictions on staple foods, resulting in a move away from coffee pro-
duction to the production of staple foods. The local currency has also
been artificially overvalued, thus discouraging export crops. Perennial
coffee trees hold soil better than staple food crops, so soil erosion is an
uncounted environmental cost of these government policies.

(3) There is no mechanism for arranging mutually beneficial trades
between those who cause soil erosion (uphill farmers) and those who
suffer from soil erosion (lowland farmers and urban dwellers).

(4) Lack of access to institutional credit markets for the majority of peo-
ple makes investing in increased agricultural productivity difficult.
Widespread tenant farming also reduces the incentives for making
long-term improvements in land, such as reforestation and soil con-
servation.

(5) There is only a nominal tax on the collection of wood for energy needs
in those areas where forests still exist. The low private costs of har-
vesting wood therefore provide a disincentive for forestry management
and establishing plantations. Haitian energy policy is generally not
designed to consider environmental impacts and trade-offs.

Distributional Causes of Environmental Problems
Widespread corruption has resulted in patronage and transfer of public
resources to a privileged minority at below-market prices. Corruption and
abuse of power have led to a fear of state confiscation of lands from farm-
ers—a major disincentive to invest in agricultural or environmental
improvements. The inequitable distribution of land also means that vast
numbers of people depend on marginal lands, which causes soil erosion.
However, the pressure on land is due more to the scale of the economy
than to maldistribution.

Recommendations 
Population control must be the centerpiece of any Haitian resource policy.
If it is not, anything Haiti does will only delay disaster. In addition, a mas-
sive analysis of land use and degradation should be undertaken and used as
a basis to recommend suitable land management policies in the context of
economic and social policy. Watershed reforestation and hydroelectric plan-
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ning should also be integrated into a coordinated strategy. Given the polit-
ical realities, bilateral and multilateral aid agencies should include non-
governmental organizations in order to promote sustainable development
and poverty alleviation policies.

Summary of

On Economics as a Life Science
by Herman E. Daly

[Published in Journal of Political Economy 76 (May/June 1968): 392–406, and in
Valuing the Earth: Economics, Ecology, Ethics, eds. Herman E. Daly and Kenneth N.

Townsend (Cambridge, Massachusetts and London: The MIT Press, 1993).]

This article brings out the analogies between economics and biology.
The similarity between economics and biology stems from the fact that the
life process is the ultimate subject matter of both disciplines. The views of
the total life process presented here derive from the steady-state and evolu-
tionary aspects of the two processes. The article then considers the human
economy from an ecological perspective.

The Steady-State Analogy

The within-skin (biologic) life processes of metabolism can be compared to
the outside-skin (economic) life processes of production and consumption.
The metabolic process consists of anabolism and catabolism. Anabolism,
the process by which useful matter and energy is converted into living tis-
sues, is similar to production in the economic system. Catabolism, which
converts living tissue into degraded matter and energy, is similar to con-
sumption in the economic process. The primary purpose of the metabolic
process is the maintenance of life, while that of the economic process is the
maintenance and enjoyment of life. In both processes, the only material
output produced is waste. Edwin Schrodinger1 described life as a system in
steady-state thermodynamic disequilibrium, in which high-entropy outputs
are exchanged for low-entropy inputs. A corollary to this is that no organ-
ism can live in a medium of its own waste products. Schrodinger’s descrip-
tion and its corollary are a perfect physical description of the economic
process as well.

The economic and metabolic processes fit together because metabolism
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is part of the economic subprocess of consumption. Many economic prod-
ucts are inputs into the metabolic process, and some outputs of the meta-
bolic process, such as manure fertilizer and carbon dioxide, can be con-
sumed in the economic process. The physical basis of the metabolic and
economic processes undergoes continuous replacement in short periods of
time. This replacement constitutes the steady-state aspect of both
processes. Capital is essentially matter that is capable of trapping energy and
using it for human purposes. Biological organs are endosomatic capital, and
the environment, in the form of air, soil, and water, constitutes physical
exosomatic capital.

The Evolutionary Analogy

Replacement of the physical basis of metabolic and economic processes is
equivalent to short-term depreciation and investment. The physical basis
also undergoes qualitative and organizational change over long periods of
time. These long-term changes are the equivalent of technological change
and represent the evolutionary processes in metabolism and the economy.
When the rate of anabolism is greater than the rate of catabolism, growth
occurs, and then merges into development by giving rise to qualitative
changes as well. In biological evolution, genes transmit knowledge, while
gene mutations modify knowledge to adapt to the environment. In eco-
nomic evolution, economic surplus propels growth, while culture transmits
knowledge and generates new ideas that assist adaptation and development.
While economic surplus leads to secondary economic activity that is far
away from direct contact with nature, the biophysical foundations of eco-
nomics are always present in the background.

The Human Economy in Ecological Perspective

Ecologists abstract from the human economy and study only natural inter-
dependencies, while economists abstract from nature and study only inter-
dependencies between commodities and man. As the biologist Marston
Bates has suggested, ecologists pretend that man does not exist, and econ-
omists pretend that nature does not exist. However, the human economy
is having serious effects on the ecology. Rather than dismissing these effects
as externalities, the study of economic commodities should be integrated
into study of the larger economy of nature.

A useful framework for understanding the interactions between the econ-
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omy and ecology is the Leontief input–output framework. In its simplest
representation, the total economy can be divided into human and non-
human sectors as shown below.

From To
Human Non-human

Human (2) (1)
Non-human (3) (4)

Cell (2) represents the domain of traditional economics. All items ex-
changed here are economic commodities with positive prices. Cell (4) is the
domain of traditional ecology, while cells (1) and (3) represent flows from
the economy into the ecology and vice versa. Cells (1), (3), and (4) may be
called ecological commodities that capture the biophysical foundations of
economics; free goods (zero price) and economic “bads” (negative price)
are included in these cells. The non-human sectors include animals, plants,
bacteria, the atmosphere, the hydrosphere, the lithosphere, and the sun.
The standard Leontief input–output matrix is restricted to the activities in
cell (2). This extension into the non-human sectors captures the entry of
low-entropy energy and matter into the economic system and the outflow
of high-entropy waste into the ecological system. In principle, the sug-
gested extension should pose no problems, but practical problems do exist.
The inputs and outputs in cells (1), (3), and (4) have not been measured,
and doing so will require the cooperation of many disciplines.

Note
1. Erwin Schrodinger, What is Life? (New York: Macmillan, 1945).

Summary of

The Entropy Law and the Economic Process in
Retrospect

by Nicholas Georgescu-Roegen 
[Published in Eastern Economic Journal 12 (January–March 1986): 3–25.]

Twenty years after putting forward the idea that the economic process is
entropic in all its material fibers, it is now time, in this article, to comment
on and clarify some of the issues that have arisen from this idea.
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The Entropy Law and Its Extension to Matter

In an isolated system, the total amount of energy is constant, but it irrevo-
cably degrades from the available to the unavailable state. Available and
unavailable energy are anthropomorphic concepts relating to whether
humans can use the energy for their own purposes. Entropy is the ratio of
unavailable energy to the absolute temperature of the isolated system. The
entropy law says that the amount of unavailable energy will increase in a sys-
tem over time. Some economists have argued that the entropy law is irrel-
evant to the workings of the economic system because it is an open system.
However, while it is true that net entropy can increase or decrease in an
open system, entropic degradation does occur in all systems, so the entropy
law is relevant to economic systems.

Matter, like energy, exists in both available and unavailable states, and
over time it also degrades from the former to the latter. An important
implication of this is that complete recycling would require limitless
amounts of energy and time. Materials that are deemed vital will inevitably
become scarcer and scarcer over time. The idea of a steady-state economy,
put forward by Herman Daly as a solution to the ecological crisis, does not
recognize this, and it is therefore logically weak.

The Fallacy of the Energy Theory of Economic Value

A living organism requires low-entropy energy to support its activities.
Since low-entropy energy can only be used once, its scarcity increases over
time. The entropy law is therefore at the root of economic scarcity. How-
ever, it would be wrong to treat the entire economic process simply as a
process of degrading low entropy. A number of writers have drawn close
parallels between thermodynamics and the economic process, leading to
the energetics approach that equates economic value with net energy.
David Huettner rejected this method, although he does claim to have
established that economic value is proportional to energy content. Huet-
tner’s proof, however, is based on a production function that includes only
flows, not funds—a formulation clearly not in keeping with economic real-
ity. Robert Costanza attempted an empirical formulation of the “economic
value equals energy content” proposition, but his analysis suffers from the
same problem as Huettner’s: it only includes flows, not funds. Costanza’s
equation also produces the curious result that the costs of the elements that
he does not include equal zero in all sectors. At best, Costanza’s analysis
reveals that energy is an important stochastic element of cost. The entropic
nature of the economic process does not, however, mean that economic
value can be determined by energy content.
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Lessons for Economics from Thermodynamics

Mainstream economists argue that economic growth is primary and that
economic scarcity can be overcome through technological improvements.
They view economics as a mechanical process, not a thermodynamic one,
and believe that the market will resolve any problems that may arise with
respect to the availability of natural resources. While these economists con-
cede that at times markets do not function efficiently, they argue that the
imposition of taxes and subsidies can rectify any problems. They point to
the continuous improvements in living standards around the world as an
argument in favor of a strategy of economic growth.

It must be remembered, however, that the tremendous growth of the
past has been fueled by a mineral bonanza that supported technological
advances. For these advances to continue, a steady supply of environmen-
tal low entropy is needed. In the future, the unavailability of low-entropy
energy will be a major constraint on available technologies. For some time
now, many have believed that cheap and renewable solar energy will solve
the current energy crisis. However, the problem with solar energy is that
tapping it requires a disproportionate amount of matter; at this point, using
solar energy still depends a great deal on other primary resources. Nuclear
energy is another possible future energy source, but here the biggest prob-
lem concerns safety issues. Given these problems with solar and nuclear
energy, the only reasonable solutions to the energy crisis are to economize
in the use of fossil fuels, or to rely on less energy intensive technologies.
Any successful program to economize on energy will require international
cooperation.

Summary of

Thermodynamic and Economic Concepts 
as Related to Resource-Use Policies

by Stuart Burness, Ronald Cummings, Glenn Morris, and Inja Paik
[Published in Land Economics 56 (February 1980): 1–9.]

In the face of heightened concern over the gathering ecological crisis,
issues relating to the optimal use of exhaustible resources can be readily
analyzed within the dominant economic paradigm. As various resource
bases are depleted, their scarcity value will be reflected in higher prices.
Higher prices will in turn reduce demand, encourage conservation, and
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promote a more prudent allocation of these resources among competing
sectors of the economy, as well as intertemporally. The market-based policy
implications of this analysis have been a source of frustration for physical
scientists for two reasons. First, they feel that market-based solutions result
in a wasteful use of resources; second, markets ignore the fundamental laws
of thermodynamics—laws that should have some relevance for public pol-
icy on the use of exhaustible resources. The First Law of Thermodynamics
states that energy is never destroyed, it only changes form. The Second Law
implies that the whole of economic life is entropic, feeding on low-entropy
matter and generating high-entropy wastes.

A few economists have begun to question the effectiveness of market-
based analysis in dealing with resource issues, and to examine the possibil-
ity that market solutions do indeed ignore physical laws. The need for clar-
ifying these points is not merely academic. Many people have argued that
these physical laws have a direct relevance to resource policy. This article
explores the interface between thermodynamic and economic concepts and
suggests questions that warrant consideration if a compelling case is to be
made that resource policies can be improved via the introduction of ther-
modynamic laws.

A Heuristic Sketch of Thermodynamic Laws

The First Law of Thermodynamics concerns the conservation of energy and
is intuitively relatively easy to grasp. An energy conversion process involves
capturing the internal energy stored in a given resource, which is the sum
of the kinetic and potential energy contained in its molecules. After the coal
is burned, little energy remains in the ashes. The change in the internal or
stored energy between the two states is released in the form of work or
heat, viewed as a flow of an equal amount of energy. There are many dif-
ferent methods for producing this flow of energy, each depending on the
type of system used, which is in turn a function of the type of capital uti-
lized.

The Second Law of Thermodynamics deals with the entropy of a re-
source, i.e., it concerns the quality of the energy resource, rather than its
quantity. Entropy essentially refers to the state of disorderliness or diffusion
of energy. A lump of coal has a low entropy value before it is burned, i.e.,
the energy is orderly and readily available. After the coal is burned, the level
of entropy rises; the energy it once contained is now diffuse and unavail-
able.

The introduction of the Second Law to an analysis of a system has impor-
tant implications. Entropy limits the ability to extract work from resources
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and imposes an upper bound on the amount of work that can be performed
in our thermodynamic system. As we deplete low-entropy resources, the
amount of work that can be derived per unit of resource use declines, which
means that we must consume ever greater quantities of increasingly high-
entropy resources. In addition, given a particular technology or capital
stock, different energy resources will give rise to different entropy changes.
System design should, therefore, seek to capture the maximum amount of
available work for a given entropic change. This criteria suggests that our
current technology is thermodynamically inefficient, as we use a two-step
process in which energy produces heat, which in turn is used to perform
work, rather than converting energy resources directly to work.

Thermodynamics, Economics, and Resource Policy

Is this analysis of the depletion of stocks of low-entropy resources anything
more than the restatement of the economist’s formulation of resource
scarcity? To answer this we must first consider whether the implications of
the Second Law are reflected in markets. If markets are reasonably com-
petitive, this will indeed be so. The market price of goods should rationally
reflect the opportunity cost of producing them. Therefore, widespread
availability of low-entropy resources should result in relatively low costs,
while higher costs and hence higher prices will occur as the level of entropy
of resources (or the “scarcity of work”) increases. This process will engen-
der capital innovation to extract more work for less energy and less entropic
change. Of course, market imperfections and government policies may dis-
tort prices, but these problems are well known in economic theory. Policies
that take these distortions into account will therefore enable a pattern of
resource allocation to emerge that will better reflect relative resource scarci-
ties, thus channeling lower entropy resources into higher value uses.

It is this notion of value that may lie at the heart of the interface between
thermodynamic and economic concepts in terms of their relevance to the
public debate on resource-use policies. The key question, then, is what
determines value? Nicholas Georgescu-Roegen argues for an entropy the-
ory of value. The suggestion is that low entropy has a value that is not
reflected in markets, but should be; this implies that proper energy policy
is one that conserves energy quality (low entropy). In standard models, on
the other hand, consumer preferences for low costs prevail, and the value
of energy, as well as of all other inputs, is derived solely from the capacity
to serve this goal. This promotes the use of technologies requiring high-
quality resources.

It is true that real problems exist with respect to resource scarcity and
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intergenerational equity as they relate to energy resources, which both gov-
ernment and the markets of the standard model often deal with imperfectly.
The case has yet to be made, however, that the introduction of thermody-
namic concepts will fundamentally alter the policy-making process. Sug-
gesting that we are wasting energy resources implies nothing more than
that energy prices are low, a problem that can be dealt with through dereg-
ulation or taxes. Even if we could overcome the many intractable problems
associated with actually measuring entropy or energy stocks in resources, it
is difficult to determine how it would change economic outcomes, unless
there is a fundamental transformation in our system of values whereby
energy itself becomes a factor in our sense of well-being. In other words,
thermodynamic efficiency in and of itself means little if it is not efficient
from the standpoint of societal values as well. Few would deny that artifi-
cially low energy prices in the United States have resulted in thermody-
namic inefficiency. However, it is not clear that thermodynamic considera-
tions are inappropriately reflected in market prices, nor is it clear that these
considerations could be used to enrich public policy.

This article does not reject a potentially useful role for thermodynamic
concepts in the making of public policy. Rather, the argument is that the
gap in resource-use policies based on economic analyses, which is attribut-
able to the absence of an explicit consideration of thermodynamic laws, has
not been made clear. Further interchange between economists who do see
the relevance of thermodynamics to economics and those who do not may
help to develop a compelling case, if indeed one exists. In order to further
this dialogue, the following inquiries are made:
(1) Is the relevant system of values to be one wherein individual prefer-

ences determine values? If not, what is the alternative?
(2) Can one define in precise ways those dimensions of the First and Sec-

ond Laws that are not reflected in markets? If so, by what rationale
should they be included?

(3) If we can argue for an energy value that is distinct from market value,
what are the manifestations or signals from this value? How is the
energy “price” to be determined and used in the process of resource
allocation and policy formulation?

(4) Acknowledging market imperfections, equity issues, and market dis-
tortions related to government policies, what is the mechanism by
which recognition of thermodynamic laws is to contribute to the res-
olution of these problems? Economic responses to these problems
would lead to adjustments in the price mechanisms through taxes, sub-
sidies, deregulation, etc. What is the energy counterpart to these mar-
ket-related mechanisms?
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Summary of

Thermodynamic and Economic Concepts as Related to
Resource-Use Policies: Comment and Reply

by Herman E. Daly (Comment) and Stuart Burness 
and Ronald Cummings (Reply)

[Published in Land Economics 62 (August 1986): 319–324.]

Comment

Before specifically addressing the questions posed by the authors of this
article, it is important to correct a misperception held by many neoclassical
economists and repeated by Burness et al.: the entropy law does not imply
an energy theory of value. Careful reading of a number of economists who
do incorporate thermodynamic laws into their economic thinking will
reveal that this notion has been explicitly rejected by them. Burness et al.
specifically argue that Georgescu-Roegen advocates an energy theory of
value, but this is incorrect. If they have misread Georgescu-Roegen, they
have misunderstood the issue they are addressing.

As to the specific questions raised by the authors, the following replies
are offered (each question is first restated, followed by the response):

(1) Is the relevant system of values to be one wherein individual preferences
determine values? If not, what is the alternative?

There is no serious proposal to substitute market values by calculated,
non-market coefficients based on work or energy or entropy. Rather, the
entropy law imposes a previously neglected constraint on the physical scale
of the economy relative to the ecosystem. The market fails to consider this
constraint because Pareto optimality of allocation is independent of the
ecological sustainability of the throughput. It is worthwhile to take account
of this constraint only if we collectively value sustainability which, like jus-
tice, is not expressible at the level of individual choices in a competitive
market. In order for sustainability and the entropy-driven constraint on
physical scale to be reflected in market prices, there must be a collectively
imposed constraint on the aggregate flow (throughput) of matter and
energy between the ecosystem and the economy. The criteria for setting
this constraint must be sustainability. Once established, the markets at the
micro level will generate a new set of prices reflecting the social value of sus-
tainability; when the biophysical constraint is explicitly acknowledged, the
environment will no longer be treated as a free good.

The constraints imposed by the laws of thermodynamics are twofold.
The First Law tells us that matter and energy are extracted from the envi-
ronment, flow through the economy, and are then returned to the ecosys-
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tem. Resources are never consumed, in the sense that what is taken is quan-
titatively identical to what is ultimately returned. The Second Law tells us
that whereas the quantity of the throughput is constant, the quality is not.
Raw material is low-entropy matter-energy, while waste is high-entropy
matter-energy. Furthermore, both sources and sinks are finite in a finite
environment, and sinks cannot be recycled into sources within human time
scales. Finitude would not be so troublesome were it not for entropy, for
then matter and energy could be recycled ever faster. Nor would the
entropy law be a bother were it not for finitude, as there would be no need
for recycling at all. However, both finitude and entropy are very real, so it
is an unavoidable fact that the scale of our economy cannot expand indefi-
nitely. The market is sensitive to scale at a micro level, but not to the scale
of the entire system relative to the ecosystem. It is thus very relevant to eco-
nomics to measure the qualitative difference between the raw materials and
waste products of our economic system; entropy is that measure.

(2) Can one define in precise ways those dimensions of the First and Second
Laws which are not reflected in markets? If so, by what rationale should they
be included?

What is not reflected in the market is the value of the optimal sustainable
physical scale of the economy relative to the ecosystem. There is no dis-
tinction made in the market between a scale of throughout that is ecologi-
cally sustainable and one that is not. Market prices can only reflect this
value after markets are subject to collectively instituted macro constraints.
These constraints, determined by ethical and ecological criteria, should be
price-determining rather than price-determined. After they are established,
the proper allocation of resources among competing sectors can be price-
determined. The entropy law helps us to delineate the nature and the
necessity of this sustainability constraint on scale and growth, and hence its
relevance to policy formulation. 

(3) If we can argue for an energy value that is distinct from market value,
what are the manifestations or signals from this value? How is the energy
“price” determined and used in the process of resource allocation and policy
formulation?

This issue is covered in the responses to questions one and two.

(4) Acknowledging market imperfections, equity issues, and market distor-
tions related to government policies, what is the mechanism by which recogni-
tion of thermodynamic laws is to contribute to the resolution of these problems?
Economic responses to these problems would lead to adjustments in the price
mechanisms through taxes, subsidies, deregulation, etc. What is the energy
counterpart to these market-related mechanisms? 

As indicated earlier, there is no energy counterpart to market-related
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mechanisms. The policy measures that have been discussed in this context
have, in fact, involved standard market mechanisms such as depletion quota
auctions, energy tax-cum-rebate schemes, and others. However, the issue at
hand is whether the entropy law is relevant to economics, not what is the
best policy for dealing with entropic constraints. It has been argued here
that physical law is directly relevant to economic analysis.

There has been a common misperception that entropy and sustainability
are merely ethical issues, and that the whole issue boils down to a claim that
society’s values are wrong. It must be made clear that entropy is a physical
law, and entropic constraints are objective facts, the ramifications of which
are immediately evident. How one reacts to these objective facts does
reflect a value judgment. One may reject sustainability as a desirable policy
goal, but that will not abolish the entropy law; the objective constraint will
still exist. If we accept sustainability as a goal, then the market alone will
not reflect this value-laden choice. A sustainable economic system is a pub-
lic good and can only be achieved through macro policy choices.

Reply

We have no quarrel with the logic of Professor Daly’s argument per se. If
society could agree on any ethical constraint, then the process described by
Professor Daly may in fact take place. He has satisfied our concerns regard-
ing the role of individual preferences, but he has done little in terms of
rationalizing the interface between thermodynamics and economics. Pro-
fessor Daly’s formulations of “sustainability” are extraordinarily vague and
ill-defined. He says little beyond the well-worn suggestion that markets and
economists ignore the finitude of the environment. In fact, we do not know
the dimensions of finitude in terms of our resource base, nor do we know
the nature of future technologies that may eventually include extraterres-
trial components. Unless Professor Daly can lend some substance to his
notion of sustainability, the appeal to collective action may appear vacuous.

Pedagogically, sustainability requires only that all processes operate at
their steady-state, renewable level, which might require a return to a regu-
lated caveman culture. It is doubtful that such a system could develop in an
environment in which individual preferences prevail, but in any case, future
generations are unable to participate in this decision process. Thus, if com-
petitively determined market prices lead to a pattern of resource use that
some regard as wrong, or unfair, it is not as a result of market failure to rec-
ognize the Second Law of Thermodynamics; rather, it arises from an asym-
metrical distribution of property rights between generations. Likewise, the
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neglect of an aggregate constraint on the physical scale of the economy
with respect to the ecosystem does not arise as a consequence of ignorance
of the principle of increasing entropy. Rather, it reflects the usual problems
associated with common property resources.

In the end, Professor Daly’s argument does reduce to the claim that soci-
ety’s values are in some sense wrong. His concern is with the imposition of
constraints on economic behavior and resource use so as to force a steady-
state solution that satisfies his perceptions of an ethically just pattern of
resource use. The argument is about ethical issues, not about the allocative
efficiency of markets.

Summary of

Economics, Ethics, and the Environment
by Richard B. Norgaard and Richard B. Howarth

[Published in The Energy-Environment Connection, ed. Jack M. Hollander
(Washington, D.C. and Covelo, California: Island Press, 1992), 347–363. 

© Island Press, 1992.]

This article argues that questions of economic efficiency should be based
on moral decisions about the rights of future generations and that it is fal-
lacious to determine the morality of decisions using a criteria of economic
efficiency. Among the many complex, long-term, global environmental
issues, global climate change is one that is relatively amenable to conven-
tional economic analysis. However, it is easier for economists to quantify
the costs of mitigating climate change through the reduction and absorp-
tion of greenhouse gases than to quantify the benefits. Economists are
beginning to grapple with these issues and are staking out their positions in
public. Based on standard economic assumptions about technological
progress and natural resources, economists have generally argued that: 

(1) in the long run the costs of most mitigation measures are greater than
the benefits; 

(2) until present uncertainties are reduced no action should be taken; and 

(3) the present generation should not bear the burden of mitigating cli-
mate change since, irrespective of what climate changes are occurring
today, future people will be materially better off.
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There is a flaw in the way economists have framed the questions regard-
ing the mitigation of climate change. At a time when people are concerned
that future generations will not be as well off as the present generation, the
question that economists are asking is whether mitigation is a good invest-
ment decision. This approach implicitly assumes that current generations
have the right to exploit the atmosphere and that doing so will not leave
future generations worse off. While economists are questioning how this
generation might most efficiently exploit the environment, the political dis-
course is questioning whose environment it ought to be. The critical ques-
tion is what kind of a world we want to leave to our children and how best
to do it, rather than whether mitigation of climate change is a good invest-
ment for us.

The important point to be made regarding questions of efficiency and
equity is that what constitutes an efficient outcome will vary depending on
how the rights to resources are distributed. Present economic cost–benefit
analysis takes the existing distribution of rights to resources as given, but
other distributions are possible and potentially valid. However, while eco-
nomic reasoning may incorporate different distributions of rights for the
sake of analysis, it cannot determine which distribution of rights should
prevail. The moral question as to whether future generations should have
rights to a climate approximately like the climate of today must be deter-
mined through the political process. Once this is done, then it is appropri-
ate to use economic reasoning to decide how to allocate resources effi-
ciently.

The current efficiency-based approach of economists also conflicts with
the concept of sustainability because of the narrow definition of efficiency
that economists use. However, when environmental goods and services not
traded in the market are included in the analysis, there is less of a conflict
between the efficient and the sustainable. In spite of this, a fundamental
contradiction exists: all techniques to measure benefits are developed in the
context of current generations, whereas sustainability is concerned with the
future. Thus sustainability is also an issue of intergenerational equity. Again,
this tension between the present and future generations must first be
resolved in the political arena, and the questions regarding global climate
change correctly framed, before empirical research on the question is pur-
sued. A broad consensus appears to exist in political discourse that sustain-
ability is a minimum criteria for intergenerational equity.

Acknowledging that sustainability involves both equity and efficiency
does not necessarily define the rights of future generations or the responsi-
bilities of the present generation. However, it does clarify some of the issues
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regarding the efficient allocation of resources, non-market valuation, and
contradictions of discounting the future.

The Allocation of Resources

Based on a seminal paper by Hotelling,1 an extensive literature has devel-
oped on the optimal depletion of stock resources. Hotelling argued that in
a perfectly competitive world producers would extract resources up to the
point at which the returns from holding units of the resource for future
extraction equaled the returns from extracting the resource and investing
the net revenue earned in the capital markets. While economists have
looked into the equity implications of this analysis, they have not developed
models which show that different intergenerational distribution of assets
will result in different efficient solutions, and that the equity implications
of different efficient allocations can be significant. Instead, economists have
implicitly assumed that technological progress will make resources available
to future generations. Questions of intertemporal resource use have been
addressed only from the framework of efficiency, as if the present genera-
tion had all the rights to resources, and research has focused only on how
efficiency can be improved within these narrow limits. If questions of
equity and the rights of future generations are not incorporated, then
although efficiency of resource allocation may improve, we may still only be
moving from one unsustainable point to another.

The Discount Rate Controversy

On the one hand, low discount rates aid sustainable development, since the
lower the discount rate is the more concern it shows for future generations.
On the other hand, low interest rates lead to higher investments, including
investments in capital necessary for mineral extraction and the transforma-
tion of environmental systems, leading environmentalists opposed to water
development projects and other major investments to argue against subsi-
dizing discount rates. The issue of using lower discount rates to protect
future generations becomes moot if instead we think in terms of the inter-
generational distribution of rights to resources and environmental services.
The interest rate would not be seen as the instrumental variable, as it is
really just another price. The emphasis should instead be on what rights are
passed between generations. Transferring rights to future generations will
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itself affect the interest rate. Bringing equity back into neoclassical analysis
resolves the contradiction between efficiency and the concern for the
future.

Environmental Valuation

The value of environmental services is a function of how environmental and
other rights are distributed across generations. Lowering the rights of the
present generation to the environment will result in a higher marginal value
of environmental services. Economists have argued that environments are
misused and degraded because the costs of using environmental services are
not fully reflected in markets, and that by introducing the valuation of non-
market goods and services—i.e., internalizing externalities—a more effi-
cient use of environmental services will result. However, internalizing
externalities will not always ensure that the economy will move closer to
sustainability; present methods of environmental evaluation will not be
effective in protecting the welfare of future generations. Therefore, given
the moral issues at stake, the ethical questions should be answered first
before valuations are made. In other words, issues of sustainable develop-
ment must be tackled first as issues of equity, and then as issues of efficiency.

Note
1. Harold Hotelling, “The Economics of Exhaustible Resources,” in Journal of

Political Economy 39(2), 132–175 (1931).

Summary of

Neoclassical and Institutional Approaches to
Development and the Environment

by Peter Söderbaum
[Published in Ecological Economics 5 (May 1992): 127–144. Reprinted

with kind permission from Elsevier Science B.V., Amsterdam, The Netherlands.]

Differences between neoclassical and institutional economists cannot be
described in terms of black and white. Rather, we must address their diver-
gent approaches, i.e., the reductionist-mechanistic tendencies of neoclassi-
cal economists, and the holistic-evolutionary tendencies of the institution-
alists. Neoclassical economists tend to believe in very clear boundaries
between economics and other disciplines, and between the various fields of
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economics. For example, environmental economists are expected to take
care of environmental problems and policies, while other economists can
continue in their detached fields of study. In addition, an example of neo-
classical reductionism is the rendering of all practical economic analysis in
monetary terms. Mainstream neoclassical economics was not developed to
deal with environmental problems. It therefore seems reasonable to con-
sider alternatives to the neoclassical paradigm when facing a new category
of problems.

Holistic and Evolutionary Economics

Institutional economics emphasizes a holistic or inclusionist approach to
economic policy making. The different disciplines are seen as overlapping,
rather than as distinct and separated by clearly delineated boundaries, and
scholars are expected to try to achieve a balance between specialized knowl-
edge and knowledge at a holistic, interdisciplinary level. Thinking in envi-
ronmental terms should then permeate all sub-fields of economics and all
policy areas. In addition, institutional economists have a preference for evo-
lutionary thinking, i.e., an interest in how technology, institutions, habits,
values, and the economy at large evolve through time. Institutionalists also
prefer models that are open ended or only partially closed.

Institutional economics focuses both on actors—their world view, habits,
etc.—and on institutional arrangements, i.e., the organizations, rules of the
game, power relationships, entitlements, and other types of control over
resources. Whereas neoclassicists take institutions (and technology) for
granted, institutionalists treat them as crucial variables and are ready to
question current institutional arrangements. For example, they see all com-
modity prices on national and international markets as being contingent
upon the prevalent institutional structure; depending upon the value per-
spective, these may or may not be regarded as reasonable. The market,
then, is just one relevant institution among many, a part of the structure of
rules governing social and economic outcomes, which happens to be a use-
ful decentralizing mechanism. Institutionalists do not, however, evince the
enthusiasm shown by neoclassicists for the market as a problem solver.

A Strategy of Disaggregation

The history of natural resource and other environmental deterioration indi-
cates that something is wrong with the objectives, decision-making
methodologies, and accounting practices that mainstream economists have
developed and upon which society has relied. Reliance upon standard eco-
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nomic policy instruments does not seem to be enough in view of the many
failures that have occurred and the difficulties ahead. Attempts to modify
measures of GNP by adding components that are judged valuable and sub-
tracting others that are judged environmentally harmful may improve
things somewhat, but it will not eliminate the dogma of thinking in terms
of money values. This dogma must instead be replaced by a strategy of dis-
aggregation, whereby monetary and non-monetary impacts are kept sepa-
rate.

In addition, a distinction must be made with respect to resources and
pollutants between flows over periods of time and positions at a point in
time. For example, the reduction of mercury effluence into a lake may
decline (an improvement in pollution flow), but stocks of mercury in fish
may continue to increase (a deterioration in position). None of this can
adequately be aggregated in monetary terms and thus cannot be fruitfully
used (e.g., in cost–benefit analysis) to inform the decision-making process.
Impacts of different kinds, impacts relating to different interests, and
dynamic impacts over time should all be disaggregated and considered sep-
arately.

Sustainability as Ecological Ethics

Neoclassical economics tends to support and legitimize a view of progress
that is limited to the traditional indicators of growth: balance of payments,
inflation, etc. Sustainable development has evolved as an alternative con-
cept of progress. One problem with this term is that each scholar can
choose a definition for it that fits into his or her pre-established world view.
We need instead to be able to determine whether a specific development
trend will lead to degradation or improvement in the state of the environ-
ment. The following set of principles is formulated to guide decision mak-
ing concerning energy, transportation, forest projects, etc.:
(1) Alternatives that involve irreversible environmental degradation within

the region should be avoided.
(2) Alternatives that involve irreversible environmental degradation in

other regions or globally should be avoided.
(3) A philosophy of cautiousness should prevail in situations of uncertainty

with regard to environmental impacts.
(4) When possible, environmentally positive or neutral alternatives should

be chosen. If no such ready alternative exists, then a search should be
initiated to find new alternatives in terms of different technology, new
rules, reconsideration of lifestyles, etc.



Richard B. Norgaard 155

These imperatives are deliberately limited to environmental impacts and
therefore do not represent a complete ideological standpoint. Formulating
environmental ethics represents an effort to extend the ideological options
available for politicians and other citizens. Specific activities may be scruti-
nized with respect to the above ethics, and traditional GNP-based measures
of success may be questioned on the grounds of environmental degrada-
tion. Economic growth strategies and expansion of international trade,
commonly accepted by most political leaders, may also be questioned on
the grounds that they underrate community sustainability and diversity.
Public choice theory, based on the assumption of group self-interest, can
also be challenged by a view of political actors with complex motives,
including moral considerations. This in turn may lead to a more optimistic
view of the possibilities for sustainable development.

Summary of

Economics as Mechanics and the Demise
of Biological Diversity

by Richard B. Norgaard
[Published in Ecological Modelling 38 (September 1987): 107–121. Reprinted

with kind permission from Elsevier Science B.V., Amsterdam, The Netherlands.]

Macro explanations of the loss of biodiversity have emphasized how
higher population levels have forced the transformation of relatively undis-
turbed areas, and how industrial pollutants and energy intensive agriculture
have put new and relatively uniform selective pressures on species. This arti-
cle explores how a third macro phenomenon—social organization based on
specialization and exchange—has contributed to the demise of biological
diversity.

Development and Diversity Before the Global 
Exchange Economy

People have coexisted with other species for some three million years.
While there is evidence that humans have caused species extinction in the
past, earlier rates of extinction were far lower than current or projected
rates. The world before the rise of the global exchange economy can be
viewed as a mosaic of co-evolving social and ecological systems. Within
each area of the mosaic, human selective pressure operated upon other
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species according to how well their characteristics fit the evolving values,
knowledge, social organization, and technologies of the local peoples. At
the same time, each of these components of the social system was also
evolving under the selective pressure of how well it fit into the evolving
ecosystem and the other social components. These mosaics were not
entirely self-contained; elements spilled over into other systems where they
may have thrived, adapted, or died out. But to some extent they all influ-
enced the further co-evolution of system characteristics in their new areas,
resetting the dynamics of the system. This co-evolutionary vision of our
past combines the evolution of belief systems with biological systems and
suggests how each has contributed to the diversity of the other.

Remnants of co-evolutionary agricultural developments remain today,
providing clues to the past. In a wide array of traditional agroecosystems we
find traditional farmers deliberately intermixing crop, noncrop and some-
times animal species over different places at different times. This is a system
that has co-evolved in the societies of traditional peoples over centuries or
millennia, and was designed to ensure a dependable food supply. This
dependability relied upon the ecological stability achieved through high
species diversity within each system. On the basis of Western experience,
natural historians have portrayed man’s influence on natural systems as
destructive; however, we are now beginning to learn how traditional peo-
ples contributed to the growth and maintenance of genetic diversity.

Global Exchange Economy

Recent development has been distinctly different from the co-evolving
mosaic of the past. The mechanistic grid of universal truths developed by
Western science and the global adoption of Western technologies has
boldly overlaid and destroyed most of the mosaic. The environment has not
been immune to this global unifying process. Environments are merging
through common land management practices, while biological diversity is
declining from the common cropping, fertilization, and pest control prac-
tices of modern agriculture. Much of this has come about as a consequence
of the pressures of global markets.

The global exchange economy evolved over several centuries and began
to characterize the global order during the past century. While exchange
was going on well before economists began to theorize about it, their mod-
els have affected policies and helped rationalize the global exchange econ-
omy. Development policies are heavily influenced by institutions like the
World Bank, where in 1986 there were 692 designated economists on staff,
and one biologist. Thus, how economists conceptualize social systems
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affects the maintenance of existing features and the design of new compo-
nents of the global order.

The concepts of comparative advantage, specialization, and the gains
from trade are central to the Western economic model. This framing of
social order has affected diversity in two ways. First, the encouragement of
development through trade has fostered specialization and a reduction in
the diversity of crop and supporting species in every region. The imple-
mentation of free trade policies has encouraged Third World farmers to
respond to international agricultural markets, supported by development
efforts in road and port construction. Those who continue to practice sub-
sistence agriculture are simply moved out by larger commercial or centrally
planned agricultural ventures. The global exchange economy further trans-
forms local agroecosystems because it forces farmers to produce as much as
possible at low cost in order to remain competitive. Thus high-yield seed
stocks, fertilizers, and pesticides are widely adopted, further reducing the
remaining regional diversity.

A second cause of species extinction is that the global exchange economy
induces temporal variation for which species have not evolved coping
mechanisms. In market economies, individuals rapidly respond to exoge-
nous factors (changing prices, tastes, institutions, technology, weather, etc.)
that redefine which people, land, or tools have a comparative advantage.
This flexibility in factor allocation is viewed as a crucial component of the
dynamic efficiency that makes market economies so attractive. Thus if poor
rice crops in Brazil induce a sharp rise in the price of rice, other global
regions will substitute rice production for their current crop in a rational
market response. This increased variability at the individual level actually
contributes to the decline of diversity in the ecosystem.

Expanding on this further, we can see that the economic model is
designed with the explicit assumption that land can move between uses
much like people and tools. Land, however, is more complex than a trac-
tor, and economists have given little thought to the environmental services
that help give the land its value. The problem, put simply, is that environ-
mental services cannot freely shift from the support of rice to the support
of cotton, and then to the support of suburban lawns, to alfalfa, and back
to rice, with the same ease with which a farmer may adapt to these differ-
ent systems. There would not be a problem if the species that supply the
environmental services appropriate to particular crops could co-evolve to
fill their supporting niches as rapidly as the global economy leads farmers
to shift crops; but this is not the case.

The difference between how economic and ecological models are pre-
sumed to respond to change stems from different degrees of mechanical
and evolutionary thinking in the two disciplines. The economy is modeled



158 Part III. Theoretical Frameworks and Techniques

as if it had predefined atomistic parts that will mechanically adjust through
market signals or planning to optimize the systemic performance. However,
believing that species and their interrelations co-evolve in response to the
particular conditions of the place and time, ecologists are more hesitant to
generalize than economists. These differences help explain why the use of
the neoclassical paradigm has contributed to species extinction.

People and the economic decisions they make are an integral part of the
ecological system. The diversity of the ecological system is intimately linked
to the diversity of the economic system. Local biological and social systems
and the culture of agriculture are destroyed when international markets dic-
tate that corn should be planted one year, wheat the next, and soybeans the
year following that. Species conservation, as well as the continued co-evo-
lution of cultural knowledge, local technologies, and unique forms of social
organization, all need more spatial diversity and temporal stability than the
global exchange economy permits. Our economic model is well specified
but barren, positing only exchange relations. The result is a failure to
acknowledge the evolutionary basis of ecological systems, while fostering a
policy-making process that is wiping out species at the most rapid rate since
the hypothesized meeting with the asteroid that raised the dust that termi-
nated the dinosaurs.

Summary of

Reserved Rationality and the Precautionary Principle:
Technological Change, Time, and Uncertainty

in Environmental Decision Making
by Charles Perrings

[Published in Ecological Economics: The Science and Management of Sustainability, ed.
Robert Constanza (New York: Columbia University Press, 1991), 153–166.]

Many of the most serious potential environmental problems are those for
which the effects of certain processes are highly uncertain with respect to
both their spread and duration. As the uncertainty increases, so does the
difficulty of evaluating the associated environmental damage or the mar-
ginal social costs. Moreover, the wider the spread and the longer the dura-
tion of these problems, the narrower is the scope for a market solution
involving the allocation of property rights. Intractable problems of this sort
have led to strong support for the “precautionary principle,” which
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involves the commitment of resources today in such a way as to safeguard
against distant and potentially catastrophic outcomes in the future. This
article’s main concern is the identification of the conditions in which the
precautionary principle is appropriate, and the way in which the principle
modifies the decision-making process. It is argued that it leads to a sequen-
tial approach in which the decision maker reserves judgment about the
uncertain outcomes of each activity, assuming the worst-case outcome until
evidence is provided to the contrary.

Discounting, Valuation, and Treatment of Future Generations

The strongest argument in favor of the precautionary principle is the fact
that environmental effects which are both distant in time and have a low
probability of occurring receive very little weight in the decision-making
process. There are two main reasons for this: (1) the rate of discount; and
(2) the valuation of resources under the current structure of property
rights. Both raise ethical questions with respect to the right of present gen-
erations to put at risk not only the marginal economic benefits but the very
survival of future generations.

The social discount rate is a measure of the rate at which it is considered
socially desirable to substitute consumption in the present for consumption
in the future. This is an issue because it involves ethical judgments con-
cerning intergenerational equity. If discount rates are positive, a develop-
ment strategy that is unsustainable may seem optimal today. If the discount
rate is set at zero, on the other hand, then a development strategy will only
be considered optimal if it yields a constant stream of income in all periods.
The discount rate implies a judgment about the responsibility of the pres-
ent to the future for distant but catastrophic impacts. Positive discount
rates screen out even major future costs from present decision making.

Historically, mainstream economics has been strongly critical of the eth-
ical judgments inherent in positive discount rates. More recently, however,
the sovereignty of the current generation of consumers has been invoked
to support the propriety of discounting and to deny any role to the state in
safeguarding future generations. The rationale for discounting in this work
lies in the notion that future generations are compensated through the
growth of capital. Much of this work, however, relies on models that
exclude the natural capital base from consideration, so that capital expen-
ditures today appear to yield only growth benefits for the future. This is a
highly misleading proxy for the growth potential of the entire system,
which relies as much on natural capital as on produced capital.
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The authority for ignoring the future costs of present activities stems
from the structure of property rights. Under the existing system, environ-
mental resources are not allocated on the basis of their full intertemporal
opportunity cost. Rather, property rights tend to be such that resource
users are confronted only by the direct costs of resource use, and can ignore
the uncompensated costs that are imposed on the future, as well as those
externalities that are imposed on the present. The issue of intergenerational
compensation becomes more difficult when these uncompensated costs are
discontinuous and uncertain. Thus, there is no way to estimate costs to the
future directly, and there is no means to assign property rights to unborn
generations. The net result is that future costs are only taken into consid-
eration insofar as the present generation chooses to take an ethical respon-
sibility for them. The precautionary principle merely confronts this reality.

Decision Making under Incomplete Information and under the
Precautionary Principle

Decision making under risk occurs when there is a well-defined set of pos-
sible outcomes. When it is not clear that an outcome will belong to the set
of outcomes, or what the probability of that set is, then we have decision
making under uncertainty. It is a characteristic of decision making under
uncertainty that new information is acquired over time. Uncertainty typi-
cally occurs when there is no historical precedent for the activity or its
impacts from which to gather data. As time passes and the historical record
is enhanced, information will accumulate, thus pushing forward the bound-
ary between the known and the unknown. Hence, the decision-making
process will evolve sequentially in response to the changing information
available to the decision maker. Decision makers will reserve judgment
about uncertain outcomes (and act accordingly) until they are sure of their
ground.

The class of problems for which the precautionary principle is advocated
as an alternative to conventional decision-making models is that for which
the level of uncertainty and the potential costs of current activities are both
high. Global warming is one such example. Application of the precaution-
ary principle in such cases involves a highly normative judgment about the
responsibility of the present to the future—a judgment that can not be cap-
tured in existing models of rational decision making. The precautionary
approach nevertheless accepts that every decision problem has elements of
the standard problem. Uncertainty is treated as a residual—a property of
the unobserved part of the system. The approach assigns a worst-case value
to the uncertain outcome of current activities. The optimal policy is then
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the one that minimizes the maximum environmental costs over variation in
the unobserved part of the history of the system.

The link between the worst-case scenario approach embodied in minimax
and the precautionary principle seems quite obvious. The problem, how-
ever, is to define the worst case under conditions of incomplete informa-
tion. It is not possible to select the worst case out of a known range of pos-
sibilities since that range remains unknown. Nor can we simply select the
worst possible imaginable consequences, for it is always possible to envision
apocalyptic scenarios. Such a construction would necessarily paralyze all
activity. Since the worst-case scenario must be believable enough to capture
policy makers’ attention in order to be operational, something else is
needed.

Shackle’s concept of the “focus loss” of a decision is a good starting
point. A set of possible future states is projected in connection to any given
action. An opinion is formed as to the degree of disbelief in the occurrence
of each state—a measure of the potential surprise they would experience if
this state actually came about. These outcomes are then ordered according
to an attractiveness function that would register the power of each outcome
to command the attention of the policy maker. Thus, low probability yet
believable outcomes that would involve high costs will command attention
(such as a Chernobyl type event), while catastrophic but barely believable
outcomes of vanishingly small probability will be ignored. The central point
here is that the “focus loss” of a decision is adopted as the point of refer-
ence in a decision process of “reserved rationality.” Decision makers con-
fronted by uncertainty will reserve their position on some outcomes, and
pending receipt of additional data they will adopt policies that will mini-
mize the worst believable case.

Under the precautionary principle, decision makers who are ignorant as
to the magnitude of potential losses will proceed cautiously to safeguard
against the possibility of unexpectedly severe future costs. This seems pru-
dent in those cases where certain policies have the potential for destroying
crucial life support systems. Under such conditions of uncertainty, it would
also be prudent to allow some margin for error, precisely because the
impacts are unknown. This approach provides a method for determining
the future costs of potentially catastrophic outcomes, and thus a yardstick
against which to measure the net benefits of committing preventative
expenditures today. As new information accrues, the sequential decision-
making process envisioned here will allow for adjustments in policy over
time.

It is worth stating that a normative ethical set of judgments is necessar-
ily embedded in these procedures, as the decision maker must attach rela-
tive weights to various outcomes and to the populations that may be



162 Part III. Theoretical Frameworks and Techniques

affected. In particular, the issue of responsibility to the future is involved,
for even if the possibility of future devastation seems quite remote, it may
well be as unacceptable to pursue the causative activities as if that outcome
was assured.

Summary of 

Conservation Reconsidered
by John V. Krutilla

[Published in American Economic Review 57 
(September 1967): 777–786.]

From the time of Pigou until recently, the primary issue for economists
with respect to the conservation of natural resources has been the optimal
intertemporal utilization of these resources. However, the rates of con-
sumption of natural resources during both world wars began to indicate
that the resource base would ultimately be depleted. Nevertheless, the view
that modern industrial economies can gain a large measure of indepen-
dence from natural resources due to technological advances has more
recently been gaining popularity. The core of this argument is that techno-
logical progress compensates for the depletion of higher quality natural
resource stocks. There have, however, been warnings that the level of pol-
lution and the deterioration of the physical landscape are increasing.

The traditional focus of conservation economics on reserving natural
resource stocks for future generations has been outmoded by technological
advances. This concern has therefore been replaced more recently by a
focus on how to preserve natural environments for future generations. Tra-
ditional conservation economics does not, however, address this issue. In
fact, use of Pigou’s social time preference to determine the optimal rate of
resource use may hasten the conversion of natural environments into low-
yield capital investments. This article therefore discusses how decisions
should be made with respect to choices involving actions that will have irre-
versible adverse effects on natural phenomena. It should be the task of a
new economics of conservation to confront the “problem of providing for
the present and future the amenities associated with unspoiled natural envi-
ronments.”[778]

At present unspoiled environments are not sufficiently valued. When
deciding on the utilization of unspoiled environments, a private resource
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owner typically looks at all of the alternate uses of the resource and con-
siders the prospective discounted net income of each use. It is possible that
such an analysis would find that the option with the highest net income is
also an option that is detrimental to the preservation of the unspoiled envi-
ronment. The private resource user may then choose this option despite its
detrimental effects, although from a social perspective this choice may not
be the most efficient.

The efficiency of market allocations is uncertain for several reasons. First
of all, unspoiled environments have no substitutes, while natural resource
commodities often do. Thus, the private resource owner can not actually
appropriate through gate receipts the total social value of the resource
when it is used in a manner that preserves the unspoiled environment. The
present value of the owner’s expected net income values is therefore not a
valid measure for evaluating the efficiency of resource allocation. It is also
impossible to determine the efficiency of market allocations when many
individuals are dependent on the preservation and availability of an
unspoiled natural environment for their real income. In this case, the max-
imum willingness to pay could be less than the minimum amount that
would be necessary to compensate these individuals if they were to be
deprived of the natural phenomena in question, so it is not possible to
determine whether or not the market allocation is efficient.

Option demand is another basis for questioning the efficiency of market
allocations. This demand can be characterized as “a willingness to pay for
retaining an option to use an area or facility that would be difficult or
impossible to replace and for which no close substitute is available.”[780]
Option demand may exist even if there are no current plans to utilize the
area or facility. If an option value exists but there is no way for the private
resource owner to actually appropriate this value, then the resulting
resource allocations may not be efficient.

Option values for unspoiled environments may exist for a number of rea-
sons. For example, scientific research is often dependent upon an unspoiled
environment to preserve the objects of study, and these environments are
also important to maintain genetic diversity (e.g., in agriculture) and to
serve as a source of new medicinal drugs (in fact, “approximately half of the
new drugs currently being developed are obtained from botanical speci-
mens”[780]). In other cases, the option value may have only a “sentimen-
tal basis.” Many Americans rallied to preserve the national historic relic
“Old Ironsides”; although many of them will never visit the site, they still
derive satisfaction from knowing that it exists. Membership in the World
Wildlife Fund is similar: individuals contribute to preserve endangered
species in parts of the world that they will probably never see. Option value
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can therefore be relevant both among people active in the market for a par-
ticular “object of demand,” and for those who place a value on the mere
existence of this object.

In practice there are several examples of what a market for these
“options” might look like, but they are very imperfect. For example, a small
natural area or historical site may be purchased by the Nature Conservancy,
an American nongovernmental organization. However, the investor often
has little knowledge of the special characteristics of the ecosystem in ques-
tion. In addition, “the serendipity value may not be appropriable by those
paying to preserve the options.”[781] Most importantly, the greatest
unspoiled environments are large scale and not merely of local interest, so
all of the problems associated with markets for public goods are encoun-
tered in these cases.

The formation and growth of demand for unspoiled environments is also
relevant. Of particular interest is the “learning-by-doing” approach out-
lined by Davidson, Adams, and Seneca, which “suggests an interaction
between present and future demand functions, which will result in a public
good externality, as present demand enters into the utility function of
future users.”1 That is, as present populations begin to learn to use these
unspoiled environments in situations requiring less advanced skills (e.g., car
camping), then in the future the “greater will be the induced demand for
wild, primitive, and wilderness-related opportunities for indulging self
interest.”[782] Thus, the utility gained from the existence of unspoiled
environments may continue to rise, although the supply of these environ-
ments can not be increased. At the moment little is known about these rela-
tions, and it is an area needing further research.

In expanding our concept of conservation, we must look further at the
potential of technology. While technological advance may help compensate
for the depletion of specific resources, the same cannot be said for natural
phenomena. Neither extinct species nor the grand wonders can be repli-
cated, and even if they could, the replicas would probably be of little worth
compared to the originals. Technological advance may allow ever-increas-
ing production from a given resource base, but “the supply of natural phe-
nomena is virtually inelastic”[783]; we can only preserve these phenomena,
as they can not be reproduced. Consumption-saving behavior is therefore
motivated by both the desire to leave one’s heirs an estate and by the util-
ity that is obtained from consumption. Maintaining the option to enjoy
these scenic wonders will depend on their provision as public goods. Given
the increasing demand for unspoiled environments and the irreversibility of
past losses, it is already clear that the level of well-being in the future will
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not be as high as it could have been if the conversion of natural environ-
ments had been stopped earlier.

At present very little is known about the possible magnitude of the
option demand. We need to determine the type and minimum scale of
reserves of land-based and aquatic environments needed to avoid grossly
adverse consequences for human welfare. On land this could mean setting
aside approximately 10 million acres for North America, which is not likely
to affect the supply or cost of material inputs to the manufacturing or agri-
cultural sectors. We also need to develop learning-by-doing markets in
areas suited to specialized recreation where the preservation of biodiversity
is crucial. This policy will help maintain biodiversity for scientific research
and educational purposes and will provide the widest choices for future
consumers of outdoor recreation.

Note
1. P. Davidson, F.G. Adams, and J.J. Seneca, “The Social Value of Water Recre-

ation Facilities Resulting from an Improvement in Water Quality: The Delaware
Estuary,” in Water Research, eds. A.V. Kneese and S.C. Smith, (Baltimore, 1966),
186; cited by Krutilla, 76.

Summary of

The Human Firm in the Natural Environment: 
A Socio-Economic Analysis of Its Behavior

by John F. Tomer
[Published in Ecological Economics 6 (October 1992): 119–138. Reprinted

with kind permission from Elsevier Science B.V., Amsterdam, The Netherlands.]

Firms are developing new managerial approaches to deal with the grow-
ing public alarm over environmental degradation, as well as the regulatory,
consumer, and technological challenges that result from this degradation.
The neoclassical model of the firm that underlies the environmental think-
ing of most economists cannot adequately explain firm behavior. This arti-
cle develops a socioeconomic model of the “human firm” that incorporates
managerial, social, environmental, and ethical realities not found in the
neoclassical model. The article focuses on the pollution aspects of environ-
mental problems that are by-products of the production and consumption
of firms’ goods and services.
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The Neoclassical Model of Firm Behavior

The neoclassical model of the firm assumes that the firm is perfectly knowl-
edgeable about alternative courses of action and that it maximizes profits.
The profit-maximizing assumption means that firm behavior depends on
economic incentives, which derive from the product and resource markets
in which the firm participates, and from regulators who attempt to modify
the firm’s behavior. The latter do this because firms may act in a manner
that creates negative externalities. Firm behavior with respect to the natural
environment is, therefore, seen simply as reactions to market and regula-
tory incentives, unrelated to the character or quality of particular firms, or
to society’s influence.

Managerial Approaches to the Environment and Changing
Realities

Traditionally, problems of pollution have been dealt with by disposing of
pollutants with an “out-of-sight, out-of-mind” perspective. This has re-
sulted in attempts to conform to environmental standards merely by adding
equipment to existing production processes at the lowest possible costs.
Traditional managerial thought has been opportunistic and oriented to the
short term in its decision making.

However, new realities confront management today, including: 
(1) the alarm of the public at the level of environmental degradation, and

increasing support for environmental protection efforts;
(2) the ability of the environmental movement to create coalitions that

seek technically and politically feasible solutions to various environ-
mental issues;

(3) the government’s requirement that companies meet increasingly strin-
gent environmental standards;

(4) the preference shown by consumers and consumer groups toward envi-
ronmentally friendly products; and

(5) the development of new technologies that avoid pollution.

These new realities have given rise to new managerial approaches. Envi-
ronmental management is now recognized as a separate field by both busi-
nesses and universities. Environmental goals are being integrated into the
overall strategies of companies in an attempt to harmonize environmental
and economic goals. Companies are realizing that “pollution prevention
pays.” Operations are becoming cleaner and cheaper. While not all compa-
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nies have made the shift, the new environmental realities have resulted in
managerial approaches that are long term, rational, nonopportunistic, and
responsible.

A Socioeconomic Model of the Human Firm’s 
Environmental Behavior

The new behavior of firms described above indicates a failing of the neo-
classical model. The environmental behavior of firms is not simply a
response to market or regulatory incentives, but could be consciously cho-
sen behavior that goes beyond the interests of firm owners. Such behavior
cannot be accounted for by the neoclassical model. A model of the firm is
needed that incorporates managerial, social, environmental, ethical, and
economic considerations, and that has clear alternative policy implications.

As in the neoclassical model, firms in the socioeconomic model are
affected by market and regulatory incentives, as well as by the existence of
market failures that offer economic incentives to pollute the commons.
However, the socioeconomic model incorporates five additional factors
that determine the firm’s ability to improve the environment, taking into
account the macro and micro social influences and regulatory effects that
encourage or discourage the firm from undertaking environmental activi-
ties. These factors are as follows:

(1) Environmental Opportunities: These are known or knowable develop-
ments that the firm can utilize to reduce environmental impacts. The
opportunities to improve the environment may be either in the man-
ufacturing process or in providing consumers with environment-
friendly products.

(2) Internal Organizational Capabilities: There are six internal organiza-
tional capabilities that determine how a firm responds to the opportu-
nities and incentives confronting it:
(a) The ability of the firm to incorporate environmental considera-

tions into other aspects of the company’s operations.
(b) The ability of firms to make rational decisions: The socioeconomic

model assumes that firms are boundedly rational. Firms can
improve the rationality of their environmental decision making by
investing in organizational capital.

(c) The ability of the firm to be socially responsible: The social
responsibility of a firm depends on its ethical standards and its will-
ingness to make short-term sacrifices for long-term gain. The level
of social responsibility of firms can range from firms that are
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opportunistic and oriented toward the short term to highly patient
and ethical firms that act in ways that transcend their self-interest.

(d) The ability of firms to envision and carry out change: This capa-
bility is called entrepreneurship.

(e) The capacity of the firm for organizational learning.
(f ) The firm’s level of environmental concern and awareness.

(3) Macro Social Forces: Community and societal influences that reflect
public concerns, societal goals and demands, and society’s support for
environmental improvements can all influence firm behavior.

(4) Extra-Firm Institutions and Infrastructures: These are micro forces
that influence a firm’s environmental behavior, including educational
institutions, trade associations, consultants, the firm’s suppliers
(including its suppliers of pollution control technology), lawyers and
lobbyists, and standard industry and managerial practices.

(5) Other Regulatory Influences: Some regulatory administrative opera-
tions may have undesirable effects on firms’ environmental behavior
due to unintended social and economic consequences of the regula-
tory operations.

Thus, in the socioeconomic model of the firm, a firm’s behavior is deter-
mined by its internal organizational capabilities and the external social and
regulatory influences upon it. Pollution is a product not only of market fail-
ures but also of insufficiently developed firms and a lack of appropriate
social and regulatory support.

Implications for Government Policy

The main implications of the socioeconomic model for government policy
are that it should:
(1) encourage the development of firms’ internal organizational capabili-

ties;
(2) provide firms with knowledge of environmental opportunities or

opportunities to learn about them;
(3) identify and reduce the undesirable micro social influences emanating

from extra-firm institutions and infrastructures, and strengthen the
desirable influences; and

(4) identify and reduce the undesirable, unintended influences from regu-
lators’ administrative operations.
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PART IV

Energy and Resource 
Flow Analysis

Overview Essay
by Jonathan M. Harris

The structure of ecological economic theory, as we have outlined it
above, clearly implies a more central role for the analysis of energy and bio-
physical resource use than does standard economics. The articles in this
part go into greater depth concerning the implications of this perspective
for analysis and policy. Some of the discussion here is still on a theoretical
level, but there are also significant efforts to develop specific techniques ap-
propriate to this new perspective. These offer insights into economic the-
ory, data analysis, and policy formulation which are significantly different
from those derived from the neoclassical model. We can also note here that
as ecological economists attempt to come to grips with the real-world im-
plications of their theory, differences of opinion and of interpretation
within the field become more pronounced.

The fountainhead of energy and resource flow analysis is found in the
work of Nicholas Georgescu-Roegen. As we have already seen, there is con-
siderable controversy over the value and implications of his theories. The
most detailed exposition of his thought is in his 1971 book The Entropy
Law and the Economic Problem, but his short article on “The Entropy Law
and the Economic Problem” is more accessible to most readers. Here is set
forth the basic view of the economic system as an “open” subset of a larger
biophysical system, with matter and energy crossing the boundary into the
economic system in a low-entropy state and returning in a high-entropy
state. This unidirectional flow differs fundamentally from anything in stan-
dard economic theory, which sees the economy as a closed system balanced
by internal market equilibrium. From this basic analysis Georgescu-Roegen
draws some lessons of sweeping importance. One is that the production
process necessarily results in an entropy deficit, a draw-down of “wealth” in
terms of available energy and resources. Another is the fundamental dis-
tinction between the stock of terrestrial resources, analogous to capital, and
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the flow of solar energy, analogous to income. The difference between liv-
ing on income and living on capital is clear, but prior to Georgescu-Roe-
gen’s work it had rarely been applied to energy and resource economics.

Georgescu-Roegen uses the inexorable logic of entropy to define the lim-
its of economic activity. No industrial system can continue indefinitely
drawing down terrestrial stocks of low entropy. (Note that this argument is
not framed simply in terms of quantities of available resource reserves but
takes in the logic of rising costs and increasing environmental damages as
production proceeds.) Also, there are strict limits to what can be achieved
through technological progress or resource recycling. Technological opti-
mism must be subordinated to the entropy law; what Georgescu-Roegen
calls “entropy bootlegging” is as impossible as perpetual motion. Even a
steady-state, nongrowing economy will progressively degrade its terrestrial
resource base. Hence the unique importance of solar energy—it is the only
truly “free” good, but a difficult one to utilize well due to its diffuse na-
ture.

What are some of the practical implications of the entropy analysis? We
must remember that Georgescu-Roegen’s original work was published
prior to the wave of awareness generated by environmental problems that
have drawn wide public attention in the last twenty years. His work can cer-
tainly be regarded as prescient in providing a theoretical framework to ex-
plain concerns about both resource adequacy and global environmental
pollution. But how can it be applied to economic analysis? Some econo-
mists have argued in response that while the entropy limits posited by
Georgescu-Roegen must undoubtedly apply to economic activity in the
long term, their practical impact is so far off as to be irrelevant to current
economic analysis. In this view, the entropy law provides a nice metaphor
for an over-consuming, over-polluting society, but nothing more. Policy is-
sues of resource management and pollution control will not be subject to
binding entropy constraints for centuries, according to many leading econ-
omists (see, for example, Robert Solow’s 1974 article on “The Economics
of Resources or the Resources of Economists”1).

The energy and resource flow analyses in this part are predominantly ori-
ented toward proving this critique wrong by developing practical applica-
tions of analyses of energy and resource flows. (Only the article by Young
endorses the neoclassical skepticism about the relevance of entropy theory.)
Some respond directly to the issue of relevance to economic theory. Tran
Huu Dung sees entropy as compatible with mainstream economics, and
distinguishes between the entropy implications of consumption, produc-
tion, and “pure” utility. Pure utility refers to satisfaction derived from the
natural world without intervention in it, and it is neutral in entropy terms.
Consumption necessarily increases entropy. Production is more complex: it
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decreases entropy in some parts of the system while increasing it in the
larger environment. This gives a new twist to “technological optimism.”
The true potential of technology is seen to lie in its ability to achieve util-
ity while minimizing increases in entropy. This has a clear parallel with the
standard economic conception of maximizing utility while minimizing
costs, but also a crucial difference. The difference is that the entropy im-
plications of a particular production process will probably not be reflected
in market prices, nor will consumers be encouraged to favor “pure” utility
over consumption through market processes (quite the contrary if adver-
tising is taken into account).

Jeffrey Young, by contrast, defends the mainstream economists’ treat-
ment of the entropy law as irrelevant to economic analysis. The essence of
his critique is the proposition that technological progress can overcome any
growth limitations imposed by entropic degradation. This is linked to an as-
sertion that the entropy concept is meaningless as applied to matter, since
improved technology can render previously unusable materials useful.
Counter-arguments by Townsend and Daly reemphasize the point that
technological progress is always subject to the entropy law, which as a mat-
ter of scientific definition applies to both matter and energy. Daly also
points out that improved information may constrain rather than expand our
choices in use of matter and energy, when we discover unsuspected envi-
ronmental damage from existing technologies such as CFCs. This is a point
of far-reaching importance: the environmentally destructive nature of the
“unforeseen consequences” attendant on technological progress often
seem to be associated with efforts to “bootleg entropy.” For example, the
spread of energy-intensive agriculture has brought in its wake a multitude
of negative environmental impacts not associated with traditional agricul-
ture. One interpretation of this would be that traditional agriculture, like
natural ecosystems, was well-organized for the capture of the solar low-en-
tropy flux; intensive agriculture expands apparent carrying capacity at the
expense of polluting the environment with high-entropy waste products. In
any event, one inference is that the specific examination of production
processes in entropy terms will be intellectually fruitful.

R. Stephen Berry’s article moves toward a practical application of entropy
analysis with an examination of the thermodynamic efficiency of automo-
bile production. He identifies enormous inefficiency in production tech-
niques viewed not from a least-cost point of view but in terms of energy re-
quirements. Significant energy savings are also possible from recycling or
improving product durability, but these are dwarfed by the potential of
highly energy-efficient production techniques. Oddly, this thermodynamic
inefficiency is probably “efficient” from the point of view of standard eco-
nomic theory—energy prices are too low relative to capital and labor to jus-
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tify private investment in an energy-efficient plant or social investment in
the appropriate training and infrastructure for a high energy-efficiency
economy.

The contrast between economic and thermodynamic efficiency is further
developed in the article by Robert Ayres and Indira Nair. They criticize the
standard economic concept of a production function with unlimited sub-
stitutability between labor/capital and matter/energy. Technology which
operates specifically to increase thermodynamic efficiencies can lower mat-
ter/energy requirements, subject to entropy law limits, but will not elimi-
nate the problem of economic dependence on high-quality fossil fuel re-
sources. This suggests that analysis of fossil fuel use, reserves, and
efficiencies has a specific importance which is not adequately reflected by
changes in market price. Such analyses have been attempted by, among oth-
ers, Robert Costanza, Cutler Cleveland, and Howard and Elizabeth Odum.

What is meant by the “energy cost” of production? The question is trick-
ier than it might appear. One approach is simply to measure the money
costs of directly purchased energy (e.g., coal burned in the production of
steel). But this leaves out many indirect energy inputs (e.g., energy used to
make machinery for the steel mill). It also omits solar energy. We can also
consider labor inputs to be indirect energy inputs, at least in part, since the
provision of labor requires food energy, energy for housing and transporta-
tion, etc. An early review of these issues by P.F. Chapman sets out these
problems, and some of the methods appropriate for resolving them, with
some specific industrial applications. It is notable, however, than no single
entirely consistent technique is identified. Chapman warns that energy
studies are subject to misinterpretation if their assumptions and methods
are not made clear. These potential ambiguities in energy analysis can be-
come the source of considerable controversy, as the selections in this part
demonstrate.

In “Energy and Money” Howard and Elizabeth Odum identify virtually
all economic activities as energy flows, balanced by money flows in the eco-
nomic system. In effect they pose an “energy theory of value” analogous to
Marx’s labor theory of value. They do not come to grips, however, with the
many economic theory difficulties created by such a sweeping simplifica-
tion. Marx and his followers spent much time grappling with the “trans-
formation problem” of labor value and market prices, but the Odums sim-
ply overlook any such problems arising from an energy theory of value.
They maintain, for example, that inflation arises when money supply
growth exceeds available energy supply—an apparently apt description of
the energy price-driven inflation of the 1970s, but not very useful analyti-
cally in explaining varying rates of inflation during other periods in eco-
nomic history.
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Costanza’s 1980 paper, “Embodied Energy and Economic Valuation,”
also grapples with the problem of energy valuation. Input–output tech-
niques allow economic inputs to be reduced to primary factors—the ques-
tion is which primary factors to select. Costanza starts with the conven-
tional categories of capital, labor, natural resources, and government
services, then moves by stages to include solar energy, to convert labor and
government services to their embodied energy equivalents, and then to
combine these two steps to produce an economic system where energy is
in effect the only ultimate input. His main conclusion from a statistical
analysis of this model is that embodied energy values are closely related to
dollar values of output. Unfortunately this result is vulnerable to the criti-
cism raised by Georgescu-Roegen in “The Entropy Law and the Economic
Process in Retrospect” (summarized in Part III above). Once all inputs are
reduced to energy, the assertion of a constant relationship between energy
and output value becomes a tautology. Energy intensity can only vary
across sectors if there is some other primary factor contributing to cost of
production. By eliminating all other primary factors, Costanza may have
gone a bridge too far. It might have been better, for example, to base the
analysis on the primary factors of solar energy, fossil fuel and nuclear en-
ergy, materials, and labor. This would allow investigation of economic shifts
over time from dependence on labor and solar energy to fossil fuel/nuclear
reliance, and perhaps provide insight into the possibility of an information-
intensive future economy based on skilled labor and efficient capture of
solar energy. By contrast, what Georgescu-Roegen refers to as the “ener-
getic dogma” is ultimately barren of analytical value.

The article by Cleveland, Costanza et al. on “Energy and the U.S. Econ-
omy” focuses on some more practical conclusions. The authors demon-
strate a strong link between fossil fuel inputs and economic output using a
conventional GNP measure. Growth in labor productivity over time is seen
not as a disembodied technological advance but as resulting specifically
from increased use of energy in combination with labor. Both of these are
important empirical results (though subject to challenge—see, for example,
work by Moomaw and Tullis on differing national energy development
paths2). Their comments on inflation are similar to those of the Odums and
subject to the same criticism. Perhaps the most important finding of this ar-
ticle is that the energy costs of obtaining energy itself are steadily rising for
all fossil fuel sources. This is a more sensitive gauge of the limits of the fos-
sil fuel age than simple estimates of existing reserves.

Cleveland extends this approach in his 1990 article “Natural Resource
Scarcity and Economic Growth Revisited” to examine energy use in all
major natural resource sectors of the U.S. economy. Energy costs per unit
of physical output are found to be rising in many sectors, giving an impor-
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tant new perspective on the analysis of resource scarcity. Net costs of re-
source extraction may be falling due to lower labor and capital costs, and
still-cheap fossil fuels. But this standard economic measure of costs masks
the increasing dependence on energy inputs—and, as noted above, the en-
ergy cost of extracting fossil fuels is itself rising. Without significant future
increases in energy efficiency or shifts to solar energy, this indicates a pre-
dictable future economic crisis, one which is not likely to be reflected in
standard economic analyses until it is well under way. The article by John
Peet supports this point, using the concept of net energy to measure re-
source quality and predicting much higher long-term costs of energy re-
source development as more easily available, higher-return sources are ex-
hausted.

Bruce Hannon suggests that in this context of energy limits, we face a
choice between continuing our energy-intensive economic strategies or
shifting our ethos and incentive systems toward a “conserver society.” In
such a society, labor and capital would be substituted for energy use. In ad-
dition to the environmental advantages, this approach would promote full
employment of labor. A tax on energy is the obvious policy tool to promote
this economic transition. Such a tax need not be an additional burden on
taxpayers, but rather should partly replace present taxes on labor and capi-
tal. To those who complain that such a tax would distort free market pric-
ing, one might suggest that the present tax system is an equal distortion,
but one which is not so benign in terms of its effects on employment and
the environment.

A different perspective on the “conserver society” is offered in articles by
Robert Ayres and Faye Duchin. Ayres interprets physical flows in the econ-
omy in thermodynamic terms: a massive one-way flow of energy and mate-
rials being converted to wastes. The emerging concept of industrial ecology
suggests a goal of improving process efficiency and reuse of wastes, just as
natural ecosystems have evolved for efficient use of low entropy. Ayres
points out that the economic incentives of market price often work against
this goal, rewarding throwaway products and reliance on virgin materials.
He discusses a possible future economy using a solar/hydrogen energy
base, and eliminating dissipative uses of heavy metals and other long-lived
pollutants. His article is rich in specific examples of the physical and chem-
ical characteristics of industrial processes. It is clear from the discussion that
an unguided market economy lacks appropriate incentives to promote the
transition to a thermodynamically efficient industrial ecology.

Faye Duchin offers a specific analytic framework for evaluation of mate-
rial and energy flows and waste reduction. Her adaptation of dynamic
input–output analysis to the industrial ecology perspective crosses the dis-
ciplinary boundaries of economics, engineering, and the physical sciences.
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Its physical focus distinguishes this approach from standard economic op-
timization techniques based on price signals. Dynamic input–output analy-
sis is particularly appropriate in meeting the challenge posed by Ayres of
massive industrial adaptation rather than incremental change. Duchin has
also applied this analytical approach to specific areas of industrial ecology,
including biomass waste recycling and global strategies for reduction of at-
mospheric pollutants.3

A more specific approach to industrial ecology is presented by T.E.
Graedel et al. Three subsystems of the industrial process are identified: ma-
terials production, product manufacture, and consumer product cycle.
Each can include both recycling and waste disposal. An overall systems
analysis is needed to identify possibilities for more effective materials reuse,
reduction, or recycling. The institutional requirements for linking these
separate phases of the industrial process may be lacking, with materials pro-
ducers, manufacturers, and consumers responding to market price incen-
tives only. Modification of these market incentives through, for example, a
tax on virgin materials, is one policy tool available for industrial ecology. In
other cases more specific regulations aimed at emissions reduction, institu-
tions for collecting and recycling wastes, toxic materials manifest systems,
and so on are essential. None of these policy tools are new in themselves,
but their comprehensive application to the materials/manufacturing/con-
sumption cycle is the special domain of industrial ecology.

Thus the field of energy and resource flow analysis has developed con-
siderably beyond the broad world view of economic activity and entropy set
forth by Georgescu-Roegen in 1971. Specific techniques and methodolo-
gies have emerged, not without controversy, and have been successfully ap-
plied to practical problems. Much remains to be done in this area. If the
general trends indicated by Cutler Cleveland’s work are confirmed by fur-
ther studies, the importance of this area of investigation will grow. Indus-
trial ecology studies, whether of regional or global scope, will clearly be in
greater demand as nations struggle to integrate environment and develop-
ment issues. The techniques of standard economics are not irrelevant to the
investigation of these areas, but a strong case has emerged that they are not
sufficient, and may be misleading without a stronger focus on the physical
basis of economic systems.

Notes
1. Robert M. Solow, “The Economics of Resources or the Resources of Eco-

nomics,” American Economic Review (May 1974).
2. William R. Moomaw and D. Mark Tullis, “Charting Development Paths: A
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Multicountry Comparison of Carbon Dioxide Emissions,” Industrial Ecology and
Global Change, eds. Robert Socolow, C. Andrews, F. Berkhout, and V. Thomas
(Cambridge, England: Cambridge University Press, 1994).

3. Faye Duchin, “The Conversion of Biological Materials and Wastes to Useful
Products,” Structural Change and Economic Dynamics, 1 (December 1990); and
Faye Duchin, “Prospects for Environmentally Sound Economic Development in
the North, in the South, and in North-South Economic Relations: the Role for Ac-
tion-Oriented Analysis,” Journal of Clean Technology and Environmental Science,
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Summary of

The Entropy Law and the Economic Problem
by Nicholas Georgescu-Roegen

[Published in University of Alabama Distinguished Lecture Series, No. 1, 1971, 
and in Valuing the Earth: Economics, Ecology, Ethics, eds. Herman E. Daly 

and Kenneth N. Townsend (Cambridge, Massachusetts and London: 
The MIT Press, 1993).]

The influence of a mechanistic approach on the founders of neoclassical
economics can still be seen today in, for example, the representation of the
economic process as a pendulum movement between production and con-
sumption within a completely closed system. The mutual influences that
the economic process and the material environment have on each other are
not recognized by standard economics. Marxian economists also represent
the economic process as a completely circular and self-sustaining system,
and they do not recognize the interrelations between the economic process
and nature. However, the history of mankind unequivocally shows that na-
ture plays an important role in the economic process. This article considers
the consequences of this role and seeks to show that some of them are of
utmost importance in understanding the linkages between nature and the
evolution of man’s economy.

Given the First Law of Thermodynamics—that matter and energy can
neither be created nor destroyed—it is worth asking what the economic
process actually does. When viewed from the purely physical perspective,
the economic process continuously absorbs and throws out matter-energy.
This is a partial process, circumscribed by a boundary across which matter
and energy are exchanged with the rest of the material universe. Valuable
natural resources enter the economic process, and valueless waste is thrown
out. In thermodynamic terms, the economic process converts matter-en-
ergy from a state of low entropy to a state of high entropy.

What is entropy? The 1948 edition of Webster’s Collegiate Dictionary de-
fines entropy as “a measure of the unavailable energy in a thermodynamic
system.” Energy exists in two forms: available or free energy, and unavail-
able or bound energy. Man has almost complete command over free energy,
but cannot use bound energy. For example, the chemical energy in a piece
of coal is free energy, whereas the heat energy contained in the water of the
seas is bound energy. Free energy implies the existence of ordered struc-
ture, while bound energy is energy dissipated in disorder. The Second Law
of Thermodynamics, the entropy law, states that the amount of bound en-
ergy of a closed system continuously increases. Once a system has reached
thermodynamic equilibrium (i.e., when all energy is bound), the only way
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to lower its entropy is to bring in free energy from outside the system.
However, the decrease in entropy of the closed system can be obtained only
at the cost of higher entropy elsewhere. When man converts copper ore
(relatively higher in entropy) to copper metal (relatively lower in entropy)
there is a more than compensating increase in the entropy of the sur-
roundings. The lesson from thermodynamics is that, in entropic terms, the
cost of any biological or economic enterprise is always greater than the
product.

Why does the economic process go on? The purpose of the economic
process is the enjoyment of life, but both the enjoyment of life and contin-
ued economic progress depend on the availability of environmental low en-
tropy. Every object of economic value has a highly ordered structure. In
fact, a number of historically important events have begun as searches for
environmental low entropy. Thus, it is apparent that the economic process
is not an isolated, circular affair but a unidirectional, irrevocable evolution,
tapping low entropy and inevitably producing high entropy, because it is
anchored in a material base subject to definite constraints.

The Industrial Revolution saw economists beginning to ignore the nat-
ural environment when representing the economic process. The powers of
science were exaggerated, and it was argued that there were no real obsta-
cles to progress; constraints imposed by the material environment were not
recognized. In fact, serious thought was given to the notion that it was pos-
sible to unbind bound energy. As a result, scientists and economists failed
to realize that “better and bigger” products could not be made without
“better and bigger” waste as a by-product. Even now some suggest that
problems of pollution can be dealt with either by producing no waste, or
by recycling wastes. While recycling can take place, the entropic cost of re-
cycling is much greater than its entropic benefits. 

Although the globe may be surrounded by free energy, either the costs
of tapping it are too high to be worthwhile, or the technology does not
exist. For example, the immense thermonuclear energy of the sun cannot
be directly tapped as no material container exists that can resist the massive
temperatures of the reactions. Two sources of free energy are accessible to
man. The first, the energy from mined sources, is a stock, while the second,
solar radiation intercepted by the earth, is a flow. There are three important
differences between these two sources:
(1) man has almost complete control over energy from terrestrial stocks,

but has no control over the flow of solar radiation;
(2) terrestrial sources provide low-entropy energy to manufacture our

most important implements, whereas solar radiation, which is the
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source of chlorophyll photosynthesis, is the primary source of all life;
and

(3) the existing energy in terrestrial stocks is a small fraction of that con-
tained in the sun.

In light of these differences, the population problem assumes a new di-
mension. There are differences of opinion about the effects of population
growth and the world’s ability to support increases in the short run, but no
one has asked how long any given total population can be maintained over
the long run. It is this second question that brings to light the true com-
plexity of the population problem, and which shows that even the concept
of an optimum population level is an inept fiction.

The mechanization of agriculture is unanimously advocated as the solu-
tion to meeting the world’s food demands. What does this mean in en-
tropic terms? Mechanization has meant replacing draft animals with trac-
tors, i.e., shifting from solar (via chlorophyll photosynthesis) to terrestrial
sources of low entropy inputs. Thus, viewed in entropic terms, the mecha-
nization of agriculture is anti-economical in the long run. To secure our bi-
ological existence we increasingly depend on the scarcer of the two sources
of low entropy.

Moreover, the problem of depletion of terrestrial stocks of low entropy
is not limited to the mechanization of agriculture. Given the disproportion
between the amount of energy available from the sun compared to that in
the earth, the industrial phase of man’s evolution will cease long before the
sun stops shining. The higher the degree of economic development, the
sooner the end will come.

What does all this imply? Present economic development and production
are using limited supplies of available low entropy at the cost of future gen-
erations. Even if we realize the entropic problem, we may not be willing to
give up our present luxuries. It seems mankind is doomed to have a short
life.
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Summary of

Selections from “Energy and Economic Myths”
by Nicholas Georgescu-Roegen 

[Published in Southern Economic Journal 41 (January 1975) and in Valuing the Earth:
Economics, Ecology, Ethics, eds. Herman E. Daly and Kenneth N. Townsend

(Cambridge, Massachusetts and London: The MIT Press, 1993).]

(In this summary, a discussion of bioeconomics has been omitted, as it is very 
similar to the issues raised in “The Entropy Law and the Economic 

Problem,” also summarized in this part.)

A number of strands of economic thought can be identified, but when
seen from the perspective of the laws of physics, many of them are myths.
These “myths” can be classified into three broad categories, each of which
is discussed below.

Entropy Bootlegging

There is a notion that sources of usable energy are infinite because of man’s
inherent ability to defeat the entropy law. However, given that there can
only be a finite amount of low entropy in a finite space, which continuously
and irrevocably dwindles, we must recognize the finiteness of accessible re-
sources. Even scientific authorities have voiced the hope that energy can
eventually be made a free good. For example, some suggest that sea water
could be decomposed into oxygen and hydrogen, the combustion of which
will yield great amounts of energy. However, this is an impossibility because
the entropy of water is higher than that of oxygen and hydrogen after de-
composition. Others hope that nuclear energy will produce more energy
than is consumed—another false hope. These proposals do not recognize
that any activity must consume a greater amount of low entropy than is
contained in the product; this is the deficit principle of the entropy law. 

Economic Myths

Standard economists argue that, since the definition of resources changes
over time, there cannot be an absolute limit on natural resources. It is true
that estimates of available natural resources have often proved to be lower
than the actual amounts; there may, for example, be more metal in the
earth’s crust than we know of at present. However, the issues of accessibil-
ity and disposability of those unknown reserves must not be ignored. More



Nicholas Georgescu-Roegen 181

importantly, irrespective of how resources are defined, the total amount
available must be finite. No taxonomic switch can change that.

Standard (neoclassical) and Marxist economists also argue that we will al-
ways be able to find substitutes for resources and to increase the produc-
tivity of any kind of energy or material. The basis of this assertion is that it
has been done in the past and will therefore be possible in the future. How-
ever, the same kind of linear thinking would lead to the conclusion that no
healthy young person will ever die. Extending the same logic, it is argued
that only a few resources are incapable of eventually yielding extractive
products at constant or declining costs, and that technology improves ex-
ponentially. While it is true that technological advances induce other ad-
vances, there may be an upper limit on the level of technological progress
related to resource extraction.

Finally, there is what may be called the fallacy of endless substitution,
which has both a theoretical and an empirical dimension. Theoretically, ac-
cording to this argument nature imposes particular scarcities, not an in-
escapable general scarcity. Substitution for resources that run out is non-
problematic as there are very few resources that defy economic
replacement. Substitution will take place because of changes in relative
prices; for example, it will take place first within the spectrum of consumer
goods, with decreasing purchase of resource-intensive goods, and increas-
ing purchase of other things. Similarly, in production, as natural resources
become scarce other factors of production will take their place. There are
two problems with these arguments. First, substitution within a finite stock
of accessible low entropy cannot go on indefinitely. Second, with respect to
substituting other factors for natural resources, we must recognize that
there are no material factors other than natural resources. To think other-
wise is erroneous. 

On the empirical front, Solow1 has shown that for a number of different
minerals, consumption per unit of GNP fell in the United States between
1950 and 1970. However, this in no way shows that technological im-
provements led to a greater economy of resources. GNP may increase more
than any input of minerals even if technology remains the same, or even de-
teriorates. More importantly, we do know that between 1947 and 1967 the
per capita consumption of basic materials increased. What is relevant is not
only the impact of technological progress on the consumption of resources
per unit of GNP, but also the increase in the overall rate of resource deple-
tion.

Another piece of empirical work to support the substitution thesis is the
work of Barnett and Morse.2 They showed that between 1870 and 1957
the ratios of labor and capital costs to net output decreased in agriculture
and mining, and argued that these numbers show that technological pro-
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gress will render accessible resources that were previously thought to be un-
usable. However, while their numbers are indisputable, their interpretation
is flawed. Economic history shows that great strides in technological pro-
gress have been touched off by discoveries of how to use new kinds of ac-
cessible resources. These technological innovations must be followed by a
great mineralogical expansion to increase known reserves, which leads to a
fall in energy prices. It is this cheaper energy that is substituted for capital
and labor in the production process. Rising output and falling capital and
labor costs can lead, then, to the results shown by Barnett and Morse, but
this does not change the fact that the amount of energy being used has in-
creased.

The Steady State: A Tropical Mirage

Some writers who have wanted to show that continuous growth will lead
to all kinds of disasters have concluded that the solution is to achieve a
steady-state or stationary-state economy. Their error is in not recognizing
that a positively growing, a no growth, and a declining growth economy all
converge toward annihilation in a finite environment. The essential point is
that the total accessible resources that exist in the crust of the earth are
bound to run out at some point if we assume, for example, that each indi-
vidual will use up a positive amount of resources each year of his or her life.
The only way in which a stationary state can go on forever is if accessible
resources in the crust of the earth are inexhaustible.

There are other problems with the vision of a steady state. Apparently a
stationary state is equated with an open thermodynamic steady state, which
maintains its entropic structure through material exchange with its envi-
ronment. But for such a state to exist, special conditions need to be met
that make its perpetual existence close to an impossibility. Another problem
with the concept is that while, on the one hand, throughput in such a state
would be constant, on the other hand, the society would be forced to
change its technology and mode of life to adapt to decreases in resource ac-
cessibility. This would call for the right innovations at the right time, and if
this does not happen, as it inevitably will not, the state will collapse.

It is also argued that in a steady state there is more time for pollution to
be reduced by natural processes and for technology to adapt to reductions
in accessible resources. But the route to efficient and clean technologies
may be through a system of trial and errors. Also it is argued that in a sta-
tionary state people will have more time for intellectual activities. History
contradicts this point. There have been instances of quasi-stationary soci-
eties where the arts and sciences were practically stagnant. Finally, there is
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no way of determining, even in principle, what the optimum levels of pop-
ulation and capital must be at which the steady state will come to rest.
However, the enormous disproportionality between the flow of solar en-
ergy and the much more limited stock of terrestrial free energy suggests a
bioeconomic program emphasizing such factors as solar energy, organic
agriculture, population limitation, product durability, moderate consump-
tion, and international equity.

Notes
1. Robert M. Solow, “Is the End of the World at Hand?” Challenge (March–

April 1973), 39–50.
2. Harold J. Barnett and Chandler Morse, Scarcity and Growth (Baltimore: John

Hopkins Press, 1963).

Summary of

Consumption, Production, and Technological Progress:
A Unified Entropic Approach

by Tran Huu Dung
[Published in Ecological Economics 6 (December 1992): 195–210. Reprinted

with kind permission from Elsevier Science B.V., Amsterdam, The Netherlands.]

The Second Law of Thermodynamics has been recognized and incorpo-
rated into economic analysis by only a small number of economists, pri-
marily in the fields of resource and environmental economics. Even here
the law has done little more than reinforce the sense that there is a limit to
boundless economic growth. Beyond this, the impact upon mainstream
economic thinking has been negligible, a testimony to the durability of the
neoclassical model and its world of infinite substitutability between rela-
tively scarce and relatively abundant resources.

However, even this limited emphasis on the enveloping implications of
the Second Law has ignored other equally important entropic properties of
economic processes. The Second Law can be taken beyond dictums re-
garding the inevitability of the end of the world and viewed instead as the
delineator of contours within which myriad economic activities can yet take
place for a considerable time. It is proposed that an entropy-based charac-
terization of three constituent economic phenomena—consumption, pro-
duction, and technological progress—can provide an additional dimension
in which the economist’s traditional building blocks can be further distin-
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guished and analyzed. The incorporation of the Second Law into econom-
ics is therefore not incompatible with the existing economic paradigm; it is
not a replacement of the mainstream approach, but a complement to it.

The basic premises for this approach are as follows:
(1) entropy is an objective physical magnitude;
(2) many entropies can be ascribed to a system depending on the parame-

ters selected and the level of description, but it is possible to speak of
an absolute value of entropy; and

(3) the apparent arbitrariness of an entropy can be explained by distin-
guishing between “randomness” and “disorder.”

Consumption and the Second Law of Thermodynamics

In its simplest version, the Second Law of Thermodynamics asserts that, as
time passes, closed systems function in a manner that produces a state of in-
creased entropy or randomness. A closed system is one in which there is no
gain or loss of energy from the surroundings. The economic ramifications
of this are evident in the observation that human biological life depends
upon the consumption of low-entropy inputs and the consequent genera-
tion of high-entropy outputs, or waste. Human economic life is the same.
Some economists have seized upon this notion to argue that it is economic
life itself that creates the tendency to move toward increasingly disordered,
high-entropy states, but this is not quite correct. It is actually the con-
sumptive process that purely manifests this property, while the entropic
ramifications of both production and technological progress are less clear
in this regard.

The relation between the usefulness of materials and their entropy level
is an important one. If all things in the universe were to be ranked by their
entropy levels, those that are most useful would clearly be grouped at the
lower end of the scale. This idea becomes more precise and testable if we
recognize that not only will the entropy output from any consumptive
process be high relative to the entropy levels of the inputs, but in addition,
it will be well above that of the consumed system had it not been consumed
at all.

It is also important to recognize that, even without human intervention,
the entropy of a system will increase continuously due to the “natural evo-
lution path” of the system. This concept offers a new way to approach the
measurement of consumption. To begin with, increasing entropy above its
natural state is not a necessary condition for the creation of utility. Utility
can be derived from transformations occurring along the natural evolution
path (e.g., watching leaves fall from a tree); this is “pure use.” Alternatively,
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utility may be derived from transformations affected by intentional human
intervention; this is “active” or “non-pure use.” Human intervention will
normally cause greater increases in entropy than transformations that occur
along the natural evolution path. Consumption can then be associated with
active or non-pure use and is the difference between the entropy level that
results after human intervention and that which would have resulted from
the natural evolutionary path. If there is no difference, then we have pure
use and no consumption, but if there is a difference, then we have con-
sumption, and the magnitude of the difference can be thought of as the de-
gree of consumption.

Production Versus Consumption

In many conceptualizations, production and consumption are viewed as
sharing a number of properties; in particular, both involve the utilization of
inputs and the generation of outputs. If this is so, then it might be assumed
that production shares with consumption the entropic characteristics dis-
cussed above. From a physical point of view, however, production differs
from consumption in that it is “an intentional act which causes a certain
physical system to be more orderly, less random from a certain point of
view.”[204] That is, organizing a productive process requires the rearrang-
ing of a set of inputs to conform to a preconceived set of relationships. This
notion must be qualified by observing that the Second Law renders it im-
possible to rearrange a total system so that the new state is completely or-
derly; thus it is only from “a certain point of view” that orderliness is en-
hanced. The Second Law dictates that the system must simultaneously
become more random from other points of view, producing a net increase
in total disorderliness.

Thus, in economic production, the entropy level will necessarily increase
above that which would exist due to the natural evolution path, but for
given subsystems within the system we can locate areas of decreasing en-
tropy. This suggests a way to measure the eco-thermodynamic efficiency of
the process. An activity that minimizes the output of high-entropy wastes
and enhances the degree of orderliness, as suggested above, would imply a
greater systemic efficiency.

Usability and Technological Progress

Mainstream economists remain optimistic in the face of the Second Law by
suggesting that continuing technological progress will indefinitely post-
pone the limits to growth. The entropic framework can be used to put this
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argument in a more constructive perspective. Levels of knowledge and
technology determine the usability and reusability of a physical state. As
knowledge accumulates, an increasing number of systems previously
thought to be unusable are found to contain usable orderly patterns; or a
state may become more orderly in response to improved knowledge and
the resulting technology. However, it must still be stressed that the natural
evolution path produces increasing entropy, implying that the Second Law
dictates the eventual triumph of the natural evolution path over techno-
logical ingenuity.

Conclusion

Both production and consumption can be characterized by their distinctive
thermodynamic properties. Consumption generates an increase in disorder,
whereas production may result in an increase in orderliness in some parts
of the system. The increase or decrease in the local degree of orderliness can
be measured in terms of entropy. Following this unified approach, eco-
nomic processes can produce three outcomes: 
(1) consumption, if the post-use state is more disorderly than the natural

state; 
(2) pure use, if the post-use state is the same as the natural state; and 
(3) production, if the post-use state is on the whole more disorderly, but

contains subsets that are more orderly. 
This approach is not only consistent with the Second Law but it gives the

law a more constructive role. Specifically, it provides a common ground for
discussion upon which those afflicted with unbridled optimism and those
suffering from doomsday gloom can meet, and thus it enhances the possi-
bility that solutions can be found.

Summary of

Is the Entropy Law Relevant to the Economics
of Natural Resource Scarcity?   

by Jeffrey T. Young
[Published in Journal of Environmental Economics and Management 21 

(September 1991): 169–179.]

Mainstream economists have ignored the entropy law in their models of
production and economic growth, in spite of the of the strong resemblance



Jeffrey T. Young 187

that entropy has to the laws of diminishing returns and the concept of
scarcity. This article argues that mainstream economists are right in ignor-
ing the entropy law, as it does not add anything new to what is already con-
sidered in models of long-run economic growth with respect to the avail-
ability of environmental resources.

Conservation and Entropy Laws in Economic Discourse

Ayres and Kneese1 introduced the law of conservation of matter into eco-
nomic discourse. They argued that technological external diseconomies are
inherent in the process of production and consumption. The implication
was that matter was not destroyed during consumption, and hence exhaus-
tion must be an economic as opposed to a physical phenomenon. While the
importance of the conservation law has been established in economic analy-
sis, this is not the case with the entropy law. This seems strange, because if
matter and energy are neither created in production nor destroyed in con-
sumption, then they must have dissipated, suggesting that the entropy law
must be intimately connected with the depletion of natural resources and
the buildup of pollutants in the environment.

The energy and environmental crisis of the 1970s resulted in a vast liter-
ature on the economics of natural resource scarcity. Only a few economists,
including Georgescu-Roegen and Daly, made the entropy law an important
part of their analysis. Both see entropy as the basis by which nature imposes
a general or absolute scarcity. Daly therefore advocates a steady-state econ-
omy. Georgescu-Roegen disagrees with Daly on the efficacy of the steady-
state, but he is still critical of economic growth.

For the most part, however, economists have ignored the entropy law. In
his 1978 book Resources, Environment and Economics, Ayres pointed out
that the mainstream theories on exhaustible resources have not taken into
account the environmental costs of entropic buildup as natural resources
are extracted. Typical neoclassical formulations have argued that a constant
per capita output with an exhaustible natural resource is possible under cer-
tain condition that are generally based on Cobb–Douglas production func-
tions. These claims of the typical neoclassical formulation do not hold up if
the amount of natural resources falls below a certain level; irrespective of
the elasticity of substitution between capital and resources, capital must
have more than a vanishingly small flow of material resources in order to
produce material output. However, while this point seems to lend validity
to the Georgescu-Roegen/Daly/Ayres arguments, it actually follows from
the conservation laws, not the entropy law. Moreover, this problem with
the typical neoclassical formulation is easily dealt with by introducing a con-
straint in the production function which states that the level of resources
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should have a lower bound. Such a reformulation may decrease optimism
about the sustainability of economic growth, but it still does not clarify the
role of entropy in the economics of long-run resource scarcity. In fact, there
is some evidence that economists view the entropy law as a glorified law of
diminishing returns. However, the difference between the law of diminish-
ing returns and the entropy law is that while the former assumes a certain
order of use of natural resources from a given stock, the latter assumes no
such ordering.

A Model Incorporating Conservation and Entropy Laws

It will be useful to consider a simple model of the economic process that
attempts to incorporate the conservation laws and the entropy law. The in-
puts in the production process are capital, labor, and two generalized but
nonhomogeneous natural resources: matter and energy. The conservation
laws and the entropy laws impose the following constraints on the system:
(1) All production, including that of labor and capital, requires matter and

energy.
(2) All materials and energy must be accounted for both before and after

production has taken place.
(3) Stocks of matter and energy are constant over time, though at any

point in time these stocks are partly in situ, partly dissipated from pre-
vious extraction, and partly embodied in durable goods. The entropy
law requires the “orderliness” of these stocks to decrease over time,
provided that the system is closed.

It is assumed that the economy is an isolated system, with no flow of mat-
ter or energy between the system and the rest of the universe. It is also as-
sumed that capital and labor are produced inputs, i.e., matter and energy
are used up in the creation of capital and labor.

This model represents a general equilibrium system that focuses on re-
production, in which outputs are simultaneously inputs. There are four
production functions (for capital, labor, refined energy, and refined mat-
ter), and capital, labor, refined energy, and refined matter are inputs in each
of these as well. Following from the assumptions of the model, relation-
ships are derived between original and current stocks of matter and energy,
reflecting the conservation laws. Similarly, relationships are derived show-
ing the difference between the total stocks and the available stocks of mat-
ter and energy based on entropic dissipation. As production takes place,
each unit of matter and energy used decreases in quality because of the en-
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tropy law. This increase in entropy will result in the absolute general scarcity
that Daly and Georgescu-Roegen discuss.

However, introducing technological change raises an interesting ques-
tion: can there be a technological change that is fundamentally anti-en-
tropic, i.e., one that increases order? This can happen if the technological
change creates economic resources out of previously non-economic mater-
ial. Low-entropy matter and energy are anthropomorphic concepts associ-
ated with what is useful and are therefore defined by current technology.
Visualize a system with two resources “a ” and “b.” At the outset, let a be
a useful resource and suppose that there is no known use for b. As a is used
there will be an increase in the level of entropy of the system, i.e., order de-
creases. However, if through a technological change b becomes a resource,
it is possible that entropy (the level of disorderliness or unavailability) will
decrease. This is because the system is open with respect to knowledge,
which increases exogenously.

The notion of entropy can be applied to energy, since available energy
can be measured independently of the state of technology needed to con-
vert the energy into useful work. This is not the case with matter, as its
availability depends on the state of technology. However, the absence of a
technology that can use dissipated matter does not mean it is unavailable
matter. Since there is no measure of the entropy of matter in a closed 
system, there is no way of defining the materials entropy of a system.
Moreover, even if the materials entropy of a system could be defined, there
is no way of knowing whether it is increasing or decreasing over time. An-
other problem in applying the concept of entropy to matter is that there is
no neutral aggregation principle that can be applied across different types
of material resources. For example, in recycling, when one kind of matter
is dissipated while another is collected and made more available, it is diffi-
cult to say whether the entropy of the entire system is decreasing or in-
creasing.

Conclusion

The entropy law is not relevant to the economics of long-run resource
scarcity. With respect to energy resources, the system is open, so while lim-
its on the flow of solar energy may impose a long-run energy constraint,
this is hardly relevant to current resource allocation issues. With respect to
matter, the entropic analogy is only relevant if system boundaries are drawn
in very peculiar ways, since it is difficult, if not impossible, to define avail-
able matter in a technically progressive world with many material resources.
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Provided that the materials/energy balance is satisfied, consideration of the
entropy law adds little to traditional models.

Note
1. R. Ayres and A. Kneese, “Production, Consumption and Externalities,” in

American Economic Review 59, 282–97 (1969).

Summary of

Is the Entropy Law Relevant to the Economics of
Natural Resource Scarcity?: Comment

by Kenneth N. Townsend
[Published in Journal of Environmental Economics and Management 23 (July 1992):

96–100.]

(This summary comments on the article by Jeffrey T. Young, “Is the Entropy Law Rele-
vant to the Economics of Natural Resource Scarcity?” also summarized in this part.)

The scientific basis of Young’s claim that natural resource economics can
be divided into conservation-law orientations and entropy-law orientations,
and that the entropy law pertains to energy but not to matter, are ques-
tionable. Young argues that the production of nonrecyclable resources in
economic production and consumption is a consequence of the conserva-
tion principle, and further, that the thermodynamic critique of economic
modeling stems from the same principle. He is wrong, because the conser-
vation law only ensures that no economic process can destroy energy or ma-
terials. The production of pollution, in the form of disorganized, nonrecy-
clable waste, is distinctly a Second Law proposition. The economic analysis
of the phenomenon of pollution is thus grounded in both the First and Sec-
ond Laws of Thermodynamics, which jointly describe the characteristics of
the changing states of physical systems.

Young further claims that “ ‘the entropy law as a physical principle applies
only in a closed system and then only to energy.’ ”[97, cited from Young,
167] This claim is wrong on two counts. First, entropy is a concept that ap-
plies to both matter and energy. The standard definition of entropic change
is the quantity of heat received or lost by a body divided by the tempera-
ture, and this applies to all spontaneous changes with respect to energy and
matter equally. Young is also wrong in suggesting that the entropy law ap-
plies only in closed systems. It is true that it may be possible to reduce the
entropy of an open system. However, when changes in all systems—
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including the sun—are taken into account, the overall entropy level will in-
crease.

Another more minor problem arises from Young’s closed-system model,
in which the decision to leave materials that have no known uses in situ im-
plies that no discharge or dissipation has occurred. While it may be true
that in an economic sense no waste has occurred, as a consequence of the
entropy law resources in situ will also become increasingly disordered over
time. However, although Young’s model is technically incorrect, this
process is slow enough to make the model heuristically useful.

Young’s views on technology are interesting and merit reflection. He
wonders if technological change may spontaneously order a system, pro-
ducing useful materials from waste. The question that Young poses is
whether a system will become more ordered if technological change can
find an economic use for heretofore useless material, or if a new technol-
ogy can help recycle some material. However, it must be recognized that
even intellectual discovery operates in accordance with the principle of
thermodynamics. Technology changes the rate of entropic change but will
not reverse the direction of the change. Improved knowledge may increase
the efficiency with which we use matter/energy to produce services, but it
does not increase the physical availability of matter/energy.

What then is the significance of the entropy law for the economic
process? The tendency of the environment to depreciate over time in its
functions as both a source and a sink must be understood. While economic
growth provides people with services, it reduces the potential for genera-
tion of services from stocks for future generations. Thermodynamics pro-
vides us with an awareness of a biophysical constraint to economics, rather
than with a new economics.

Summary of

Is the Entropy Law Relevant to the Economics of
Natural Resource Scarcity?—Yes, of Course It Is!

by Herman E. Daly
[Published in Journal of Environmental Economics and Management

23 (July 1992): 91–95.]

(This summary comments on the article by Jeffrey T. Young, “Is the Entropy Law Rele-
vant to the Economics of Natural Resource Scarcity?” summarized in this part.)

The first part of the article is fine except for Young’s statement that “ ‘the
entropy law is being recommended to us as the basis of a new energy



192 Part IV. Energy and Resource Flow Analysis

and/or entropy theory of value.’ ”[91, cited from Young, 170] This state-
ment has been taken from Burness, et al. (1980) and, as a comment in the
same journal points out, is incorrect.1 It must be noted that Young’s model
of the “entropy view” neither requires nor implies an energy or entropy
theory of value, making the introduction of this error difficult to under-
stand.

Young’s main criticism is that entropy is “‘an anthropomorphic concept
intimately associated with what is useful and, therefore, defined by current
technology.’”[91, cited from Young, 177] However, to suggest that en-
tropy is an anthropomorphic concept in no way implies that it is defined by
current technology. In addition, Young argues that a material interpretation
is critical to the relevance of entropy to economics. While he applies his crit-
icism only to entropy as material dispersion, the same argument should ex-
tend to energy as well. However, this extension would imply that the en-
tropy law is false in its classical formulation for energy, and while Young
does not try to make this claim, he also does not explain why his arguments
do not apply to energy. The lack of a common denominator for different
forms of matter does create a problem, but even so, physicists routinely
apply entropy to matter, just as they do to energy. Such an application of
entropy to matter is more than a mere analogy.

Young’s argument that a system may become less entropic (more or-
dered) thanks to a new technology is strange in several ways. New knowl-
edge will change any system, and we must redescribe the system taking into
account the new information. While the new description may record a
higher level of low-entropy materials than before, it does not mean that the
economic process is not entropic. It simply means that the description of
the initial stock of low-entropy materials was incomplete in the light of the
new knowledge. In a given year, a greater increase in the inventory of low-
entropy materials than the increase in entropy due to resource extraction
would not mean that the entropic direction of economic activity has been
reversed. New knowledge may expand available matter (and energy) faster
than economic activity will convert it into unavailable matter (and energy),
but new knowledge may also reveal new limits and reduce available matter-
energy (e.g., the discovery of the greenhouse effect lowers the effective
availability of fossil fuels, and the discovery of ozone layer depletion places
new limits on our ability to use CFCs).

There is a nonsequitur in Young’s fundamental argument. Young asks,
“Is b available matter when there are no known uses for it? If so, then how
can we know that dissipated a is unavailable? The absence of a technology
for using dissipated a would not mean it is unavailable matter. The point is
that available matter is dependent on the existence of appropriate tech-
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nologies. It is not a purely physical concept.”[92–93, cited from Young,
178] The problem with Young’s argument is that he is equating dissipated
a and concentrated b, by calling them both “unavailable matter.” The rea-
sons for their unavailability are very different: a is unavailable because it is
physically dispersed, while b is unavailable because of a lack of knowledge
of how to use it. When a technology makes a previously useless material
into a useful resource, the technology for using the resource is economic.
However, even if a technology to gather and use dispersed material is
found, it is not likely that it will be economic, because enormous amounts
of energy, time, and labor are required to recycle dispersed material. More-
over, recycling energy is always uneconomic. Even neoclassical economists
emphasize substitution rather than recycling because it is easier to find new
resources than to recycle old ones.

Young is wrong when he states that “‘the model of entropic decay is not
relevant for modeling open systems.’”[94, cited from Young, 178]
Economies, like organisms, are open systems, resisting entropic decay by
importing low-entropy matter-energy from the environment and exporting
high-entropy matter-energy. The environment is both the source for low-
entropy matter-energy and the sink for high-entropy matter-energy. Ab-
solute scarcity results as the sources become depleted and the sink fills and
becomes polluted. The entropy law suggests that the sink cannot serve as a
source. Even the notion that the sun is an infinite source of solar energy is
wrong, since the level of available solar energy is limited by its flow rate of
arrival.

While thermodynamics should not be the basis of a theory of value or rel-
ative scarcity, it does help to understand issues of absolute scarcity and the
optimal sustainable scale of the economic subsystem as a part of the overall
ecosystem.

Note:
1. See summaries in Part III of Stuart Burness, Ronald Cummings, Glenn Mor-

ris, and Inja Paik, “Thermodynamic and Economic Concepts as Related to Re-
source Use Policies,” the comment on this article by Herman Daly, and the reply
by Burness and Cummings.
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Summary of

Recycling, Thermodynamics, and Environmental Thrift
by R. Stephen Berry

[Published in Bulletin of the Atomic Scientists 28 (May 1972): 8–15. From the 
Bulletin of the Atomic Scientists. © 1972 by the Educational Foundation for Nuclear

Science, 6042 South Kimbark, Chicago, IL 60637, USA. 
A one year subscription to the Bulletin is $30.]

As environmental considerations become more important in policy deci-
sions and planning, a compelling need has emerged for reliable and robust
indices of environmental use. This is particularly true when choosing be-
tween alternative policies, which requires the identification of variables that
can be quantified, that are general enough to allow comparison between
quite different sorts of processes, that provide key measures or indices, and
that yield true measures of the amount of use of the environment. Toward
this end, the quantities derived from thermodynamics are the most obvious
and natural, and they meet all of these criteria.

Thermodynamic potential is a fundamental measure of a system’s capac-
ity to perform work. The science of thermodynamics enables us to deter-
mine the minimum expenditure of thermodynamic potential to achieve a
given physical change. Since every process requires the consumption of
some thermodynamic potential, we are able to compare different processes
and select that which is the most thermodynamically efficient. The change
in thermodynamic potential associated with a process will measure all of the
energy exchanged as well as the effects upon the degree of disorder or di-
lution, i.e., the entropy of the system.

The two essential forms of stored potential are energy and order. There
are multiple forms of energy storage, including hydroelectric facilities, fos-
sil fuels, solar energy, and nuclear technologies. Order is used when, for ex-
ample, we obtain materials from concentrated ore bodies rather than by
finding them distributed evenly over the planet’s surface. Some forms of
stored potential are readily accessible, while others require considerable ef-
fort and energy expenditure before they can be used. Measuring the total
stored potential can be quite difficult and involves a considerable amount
of guesswork. However, it is possible to measure accurately the change in
potential associated with different processes, so that the thriftiest process
can be identified and adopted.

This approach is different in practice from the money-based “least cost”
method of optimizing production, so it is important to stress the differ-
ences between economic and thermodynamic analysis. Economic analysis is
based upon perceptions of present value and scarcity as expressed in the
marketplace, where the supply and demand framework is modeled on an in-
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stantaneous evaluation of the popular perception of shortages. However,
“one cannot take seriously using a short-term market analysis to decide, say,
in the year 2171, whether all the remaining fossil fuel should be reserved
for the chemical industry.”[9] But if economists were to determine their es-
timates of shortage by undertaking increasingly long-term analyses, even
with discounting, their estimates would come closer and closer to those
made by thermodynamicists. In a sufficiently long time frame, it becomes
evident that the most important scarcity is of thermodynamic potential;
thus thermodynamic analysis becomes essential.

System Defined

Our system is one in which the manufacture of goods consumes materials
and other resources from the environment. To calculate the real thermo-
dynamic cost of a manufactured object, we evaluate the amount of ther-
modynamic potential that was extracted from the environment to produce
the good and then subtract the amount of thermodynamic potential that
remains stored in the object. In the unrealizable, idealized thermodynamic
limit, the thermodynamic potential that resides in an object is identical to
the potential extracted from the environment, the net change in potential
is zero, and the process has merely transformed one form of potential into
another. However, this naive ideal can never be reality; the net costs are al-
ways greater than zero, and there is always a loss of potential both in pro-
ducing the good and in discarding it. This net loss from production is a
true loss as it can not be recovered.

Thermodynamic Estimates

As an example of this thermodynamics-based approach, the thermodynam-
ics associated with the manufacture of automobiles can be examined.
Specifically, we can consider the amount of thermodynamic potential con-
sumed in mining and manufacturing from “new” raw materials, the
amount consumed in recycling processes, and the minimum requirements
for an ideally efficient process. The criterion used is one of “thermody-
namic thrift,” i.e., the idea that it is desirable to minimize the consumption
of thermodynamic potential in achieving any particular goal. There are
three policies to consider in this regard: (1) maximizing recycling, (2) ex-
tending the useful life of goods, and (3) developing more thermodynami-
cally efficient processes for producing the goods in the first instance.

Each step of the manufacturing process involves the transformation of
matter from one state to another, via transformation processes that include
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mining and smelting, manufacturing, normal use, recycling, junking, and
natural degradation. Through numerous, complex calculations, actual fig-
ures for loss of thermodynamic potential have been calculated in units of
total kilowatt hours (kwh) per automobile. An estimate of 5000–6525 kwh
per automobile emerges. The estimate of the ideal thermodynamic poten-
tial requirement for producing an automobile, on the other hand, is only
about 30 kwh.

The enormous magnitude of the gap between actual and ideal thermo-
dynamic potential costs is striking. From this it is evident that our current
manufacturing and mining processes “are reflections of the historically de-
veloped means of production and transport, rather than of the thermody-
namic requirements for creating the ordered structure of an operable ma-
chine.”[12] The staggering inefficiency manifest in these figures clearly
implies the existence of possibilities for vast savings in thermodynamic po-
tential. Even modest improvements in productive processes could generate
savings of thousands of kilowatt hours per vehicle.

The potential savings from the alternative policy approaches of recycling
or extending product life are smaller but significant. Recycling might save
between zero and a little over 1000 kwh per vehicle at best. A limitation of
these savings from recycling is the need of new car manufacture for some
new materials, mostly to maintain the strength of the vehicles, so the sav-
ings figures should be halved. Furthermore, even these savings may not be
realizable with current recycling technologies. This assessment could
change, however, with improved recycling technologies or an increase in
the energy costs of mining and smelting.

The savings associated with an extension of the useful life of a product—
for example, through enhanced precision in the manufacturing process it-
self, or improved maintenance procedures—are somewhat harder to quan-
tify. It is certain, however, that the increased costs of more durable
manufacture would be somewhat less than the costs associated with the
manufacture of a new product. Doubling or tripling the useful life of an au-
tomobile could reduce the overall manufacturing costs by perhaps 1000
kwh, and when the reduced mining and smelting needs are factored in, the
net savings increase to 2750–4500 kwh per vehicle.

These figures provide a compelling picture of the differences between
these three choices: given current technologies, recycling provides small
savings at best when compared to those associated with extending product
life, which are in turn small compared with the possible savings from new
technologies. However, while it is clear which policy would maximize ther-
modynamic thrift, the relative ease of adopting one policy over another
must also be considered. A policy to encourage maximum recycling would
require a relatively small perturbation of existing processes. The extension
of useful product life, however, would be more difficult, as it requires a
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change in both manufacturing techniques and consumer attitudes. The
basic technologies to implement the ideal system probably do not yet exist,
and the costs of developing and especially of implementing them will be
very large indeed. However, the potential savings from their development
are so vast that the costs will be insignificant in comparison. For example,
it is estimated that saving 1000 kwh per vehicle would equal the output of
8 to 10 large power generation facilities.

It is clear from the example of automobile manufacturing that a policy of
thermodynamic thrift ought to be pursued as a national goal. A three-stage
course seems desirable: to encourage recycling, to develop extended life
machines, and to pursue the longer term goal of developing technologies
that would operate with efficiencies closer to the ideal limits. However, the
policy implications of this last and most crucial goal are at odds with much
current federal policy. We should include in the training of scientists and
engineers a specific orientation to conducting this type of research. We
should also direct public funds and effort into the development of these
technologies since, like military and space technologies, the requisite scale
of development is too vast for the private sector.

Summary of

Thermodynamics and Economics
by Robert U. Ayres and Indira Nair

[Published in Physics Today 37 (November 1984): 62–71.]

Because the manufacture of goods and services incorporates matter and
energy, the physical sciences are clearly relevant to economics. In particu-
lar, the laws of thermodynamics can be expected to impose constraints on
economic processes just as they do on physical processes. The Second Law
of Thermodynamics—the law of increasing entropy—constrains economic
processes to those that increase the entropy of the universe. This fact has
significant, even world-shaking, implications for economic theory, espe-
cially as it is applied to resource, environmental, and technology policy.

Economics

Many economists regard their field as the science of the allocation of scarce
resources. The economists’ definition of scarcity is important: a resource is
considered scarce if it cannot be acquired or used without exchanging an-
other scarce resource for it, i.e., if the available quantity of the resource is
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insufficient to satisfy all demand for it at a price of zero. As a consequence,
it will command a money price in the marketplace that reflects both its
value and scarcity. In addition, some resources may command no market
price but still be considered scarce, as their use by one person deprives
other potential users of their benefits. However, such situations are difficult
for economists to handle because of the absence of a market price.

The term resources as used in economics is a slippery one. It refers vari-
ously to land, labor, capital, materials, energy, or all of these simultaneously
under the nonspecific rubric of “factors of production.” If the resource in
question is not “scarce” as defined above, it will not be considered at all.
Since scarce resources command a market price, economists can express all
inputs and outputs of a productive process in monetary terms, allowing a
straightforward aggregation of these fundamentally different quantities.

Much of economic theory is built upon the simple but powerful notion
that economic agents seek to maximize their utility through the buying and
selling of economic goods in a free and competitive market. Thus, under a
specific set of assumptions, it can be shown that a unique price exists in all
markets that will simultaneously maximize the utility of both producer and
consumer. Much depends on this simple contention; for example, in the
nineteenth century Walras provided mathematical proof that a general
equilibrium exists under these assumptions. However, many economists fail
to recognize either the nineteenth century roots of this philosophy or that
this simplistic form of utilitarianism conspicuously fails to account for much
observable phenomena. While this original model has been made more so-
phisticated with respect to technology and growth in the twentieth century,
despite all the embellishments the economy continues to be viewed and
modeled as a closed system with a circular flow of money and goods.

However, this view is fundamentally flawed, as the closed system model
departs from physical reality in important ways that are apparent once the
underlying physical mass and energy flows are considered. All goods, capi-
tal and consumer, embody both materials and energy, as do most services.
The standard circular flow model has a source of goods (production) and a
sink for goods (consumption). However, real materials are not actually con-
sumed, they are returned to the environment as wastes. Thus the economic
system cannot be closed if one includes the extraction and disposal of ma-
terials, since a closed system in thermodynamic equilibrium is necessarily
passive and inert, without flows of matter or energy. The flows of matter
and energy through a system also preclude the existence of an economic
equilibrium, except in the special case of zero growth.

It is clearly more realistic to regard the economy as an open system
through which materials and energy continuously flow. Once this is recog-
nized, the laws of thermodynamics assert themselves and have significant
implications for economic theory. The first of these, derived from the First
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Law of Thermodynamics, is that the output flow of matter and energy into
wastes must be matched by the input flow, i.e., that which was extracted
from the earth. The second implication of physical laws, derived from the
Second Law of Thermodynamics, is that the available energy contained in
the output is less than that contained in the original inputs. In other words,
materials tend to be entropically degraded during each stage of the pro-
duction process, so there is a global increase in entropy as economic pro-
duction proceeds.

Efficiency

The concept of thermodynamic efficiency was first developed in connection
with steam engines: an engine was more efficient if it could pump more
water while using the same quantity of coal. This is considered first-law ef-
ficiency and is concerned with the quantity of work generated from a given
volume of heat input. A process that is more efficient requires (or wastes)
less heat and thus uses less energy to accomplish a particular task. Second-
law efficiency is measured by taking the ratio of available energy contained
in the output to that contained in the input. A process that is second-law
efficient generates outputs with available energy levels that are not sub-
stantially less than those of the inputs. Thus a simple heating system may
be considered first-law efficient if only 30% of the heat goes up the chim-
ney to heat a space, but it may be second-law inefficient in that a large vol-
ume of low-entropy matter is used to warm a room to a few degrees above
the natural environment, while producing a large volume of high-entropy
waste in the process.

However, in economics, efficiency tends to be conceptualized qualita-
tively rather than quantitatively, and derives from a competitive free mar-
ket. In this free market, rational maximizing economic agents will generate
a Pareto optimal equilibrium if no possible reallocation could be effected
that would make one person better off without making another worse off.
This implies that the output has been maximized for the economy given
well-defined preferences and the available inputs (resources). However, in
reality this is a remote abstraction—one that denies any relationship be-
tween economic and thermodynamic efficiency.

Production Functions

The divergence between these two concepts becomes clearer when pro-
duction processes are considered. Economics uses production functions to
describe mathematically the relationships between various inputs and the
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volume of outputs. These functions, subject to a strict set of assumptions,
presumably reveal the substitutability between various factors of produc-
tion, and also measure the maximum potential output given a particular
technology set. As one resource becomes more costly, perhaps reflecting
greater economic scarcity, it may be replaced by other factors of production
at precise, measurable rates derived from the production functions. This ap-
proach may be valid when measuring small substitutions at or near the cur-
rent market equilibrium, but it is clearly problematic when used—as it often
is—to draw conclusions about more remote situations involving the entire
system over longer time horizons.

This flaw is particularly evident when it comes to resource economics. In
spite of the physical impossibility of indefinitely substituting labor and cap-
ital for matter and energy, economists have continued to insist on using
production functions for this purpose, thereby basing policy analysis on the
flawed supposition that constant levels of output can be maintained
through input substitution. For example, much of the economic analysis
done during the energy crisis was inconsistent with the known laws of
physics, making it a kind of reinvention of the perpetual motion machine.

Negentropy

For some time a connection has been seen between entropy and informa-
tion: the greater the knowledge about the microscopic state of a thermo-
dynamic system, the lower is the entropy of the system. Knowledge or in-
formation (orderliness) tend to increase the available energy in a given
quantity of matter and are thus the negative of entropy, or negentropy. A
production process may therefore result in decreasing entropy locally even
as global entropy is increasing due to the generation of waste material and
heat. As nonrenewable resources are used up, it is necessary for technical
knowledge and capital to accumulate at a sufficient pace to provide a steady
increase in negentropy to offset the rise in entropy. For example, in this
fashion it is possible, through knowledge, to substitute types of matter
(e.g., plastic for aluminum) within the production process. However, these
observations do not remove the central limit imposed by the Second Law;
no amount of knowledge will enable us to substitute labor and capital for
all matter and energy.

Resource Depletion

While the technologies of resource exploration and extraction have become
more sophisticated over the past several centuries, it is equally clear that the
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highest quality and most readily available of those resources have already
been discovered. What remains is less pure and less accessible, and will con-
sume more available work or energy to retrieve it. At present, a large pro-
portion of the world’s energy comes from fossil fuels, a resource that is nec-
essarily finite. The economic system as a whole may be considered a stable,
dissipative system that functions far from a thermodynamic equilibrium,
and it cannot be sustained in its present form.

It is possible to avoid a resource-depletion catastrophe, but only through
an enormous, conscious effort to do so. The inevitable alternative is a bleak
future. Massive R&D efforts can increase the negentropy embodied in
knowledge—the orderliness of our system—to increase the available matter
and work and to increase the thermodynamic efficiencies of processes to
offset the catastrophic rise in entropy associated with our present system.
But higher energy prices or other decentralized market forces will not au-
tomatically induce these investments, and there is a significant danger that
we may not react in time; the necessary investments will become increas-
ingly expensive and the available energy increasingly scarce as we delay. We
may find ourselves on a downward escalator from which a democratic, free-
enterprise society could find it impossible to disembark.

Summary of

Energy Costs: A Review of Methods
by P.F. Chapman

[Published in Energy Policy 2 (June 1974): 91–103. 
By permission of the publishers, © Butterworth-Heinemann Ltd.]

The inadequate description of real input costs and the assumption of sub-
stitutability inherent in financial analysis of production systems can lead to
false conclusions and poor decision making. As an alternative, a number of
investigators have turned their attention to the energy costs of production.
There are many methods used to evaluate the energy cost of a product,
often yielding substantially different results. The purpose of this review is
to explain these variations in results, which are often due to the different
aims of the investigations.

The Nature of the Problem

There are three problems in evaluating the energy cost of a product. The
first is in choosing a subsystem for which all the inputs and outputs are
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known. For example, there are three simple subsystems for production of a
loaf of bread: the bakery, the bakery plus the baker’s shop, and the entire
production system (e.g., including all farming and transport systems, etc.).
The energy costs increase as the size of the subsystem increases, but it is not
possible to include all production processes in the world. The subsystem
must therefore be restricted in such a way that those inputs that are left out
make an acceptably small difference in the total energy cost. The second
problem is in deciding what types of energy must be included and how they
should be added together. Solar energy is usually not included in energy
cost calculations, and energy that is consumed in the production and deliv-
ery of fossil fuel may or may not be included. Energy inputs in the form of
calorific value of food are also usually ignored. A third type of problem
arises in dividing up energy costs when more than one product is produced.
These problems do not have a single correct solution, but appropriate con-
ventions for obtaining satisfactory results are needed.

Aims of Energy Studies

The aims of energy studies can be classified in four categories:
(1) Deducing the energy efficiency of processes and making recommen-

dations for conserving energy: Such studies are often carried out by in-
dividual industries using data that is not widely available.

(2) Analyzing energy consumption on a large scale so as to forecast or re-
duce future energy demand: This is the most popular type of study,
and it is usually carried out using published national statistics.

(3) Analyzing the energy consumption associated with basic technologies
(e.g., for food production, mineral extraction) in order to gauge the
consequences of technological trends or energy shortages: These stud-
ies are often carried out in areas where conventional economics and
“conservationists” disagree, and the conclusions are generally based on
published data and presented in terms of national and global averages.

(4) Understanding the thermodynamics of an industrial system.

Methods

There are three methods used to calculate the energy costs of products:
(1) Statistical Analysis: This method takes data on the supply of energy to

various industries and on industrial output to estimate the energy cost
per unit of output. For example, the Digest of Energy Statistics shows
that the energy supplied to the iron and steel industries in the United
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Kingdom in 1968 was 6871 ✕ 106 therms, and the Iron and Steel In-
dustry Annual Statistics gives the output of crude steel as 25.86 ✕ 106

tons. This yields a value for energy cost per unit of steel produced of
265.7 therms/ton. This result does not take into account the energy
costs involved in generating the electricity and coke used in steel pro-
duction, the energy sales by the iron and steel industry, and the energy
costs of other inputs in the production process. However, these short-
comings can be overcome by using other available statistics. While this
method gives a broad estimate of energy costs in an industry, it cannot
distinguish between different products within the same industry.

(2) Input–Output Table Analysis: An input–output table is a square matrix
that includes all inputs and commodities necessary to make other com-
modities and relates the currency values of the various inputs needed
to produce a unit currency of output. One problem with the input
–output table is that all firms in an industry are lumped together. In
addition, the data is in financial rather than physical terms, so price
fluctuations may lead to errors.

(3) Process Analysis: The three stages involved in process analysis are: 
(a) identifying the network of processes that lead to a final product;
(b) identifying the inputs involved in each process; and
(c) assigning an energy value to each input.

The two problems associated with this method are choosing an appropriate
subsystem and assigning energy values. The problem of assigning energy
values arises because in some cases an output is also an input in its own pro-
duction process (e.g., machines that are made of steel are used to produce
steel). Therefore, to calculate the energy cost of producing steel, this same
energy cost is needed as an input in the calculations. This problem can be
solved by making an initial estimation of the cost and then using a set of si-
multaneous equations to further refine this estimate.

Results

Several examples of different energy value calculations indicate the care that
must be taken in interpreting results:
(1) Copper Smelting: This example of a detailed process analysis shows

how the choice of subsystem influences the results. In copper smelt-
ing, an electric furnace has a 61% thermal efficiency and fuel-heated
furnaces a thermal efficiency of 27%. The industry therefore finds that
the electric furnace provides a substantial energy savings. However, if
the subsystem is enlarged to include electricity supply and the produc-
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tion of electric furnaces, the opposite results emerge. Thus the copper
smelting industry is improving thermal efficiency within its limited sub-
system but decreasing efficiency within the larger national subsystem.

(2) Supply of Electricity: This example shows how the aims of a study can
alter the results. According to the Digest of Energy Statistics, the pri-
mary inputs in the United Kingdom are coal, oil, gas, nuclear electric-
ity, and hydro-electricity, all of which are converted into coal equiva-
lents. Using this convention, the energy cost of one kilowatt-hour of
electricity (kWhe) consumed is 3.91 kilowatt-hours of thermal energy
(kWhth). However, if the inputs are instead taken to be either the out-
put of nuclear and hydrostations and/or fossil fuels, different energy
costs result. Similarly, differences in how the indirect energy con-
sumption of power stations is accounted for will further affect results. 

(3) Oil Refining: This is an example of an industry where there is more
than one output, so the question arises as to how inputs should be par-
titioned between different outputs. Crude oil is refined into fuels and
chemical feedstock in oil refineries, and the chemical feedstock is then
processed into organic chemicals. Different conventions can be
adopted, including assigning all of the calorific value to the fuels, or di-
viding it between fuels and chemical feedstock.

Conclusions

Energy analysis is valuable because it can show ways of conserving energy
and highlight particular problems. But the results of energy studies must be
carefully interpreted with regard to the subsystems being analyzed and the
methods used to measure energy inputs. Neglect of these factors could lead
to misleading conclusions.

Summary of

Energy and Money
by Howard and Elizabeth Odum

[Published in Howard and Elizabeth Odum, Energy Basis for Man and Nature (New
York: McGraw-Hill, 1976), 49–59. Summarized with permission 

of McGraw-Hill, Inc.]

To understand the economic system as a whole, it is important to un-
derstand the relationship between money, which flows in circles within the
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system, and energy, which flows through it. The effects of energy flows and
the circulation of money on both economic growth and on inflation will be
considered.

The Money Cycle

In economic process, flows of money and of energy are closely intertwined.
For example, in the production process on a farm, high-grade potential en-
ergy flows in and low-grade dispersed heat flows out. Money flows in from
the townspeople to pay for farm produce and then flows back to the town
when farmers buy machinery and fertilizer. Some of the energy that flows
into the system is used to support the work involving these transactions
with money. The money paid to the farmer by the townspeople pays only
for the work of the farmer but not for that of the rain, soil, wind, etc. To
capture the contribution of nature, energy rather than money must be the
measure of value.

The circulation of money is dependent on the inflow of energy; money
will not circulate unless materials and energy are flowing as well. In turn,
money facilitates the flow of material and the receipt and processing of en-
ergy, and money must therefore be seen as affecting energy flows as well.

In the United States in 1973 there were approximately 25,000 calories1

used for every dollar in circulation. This means that if a person earned and
spent $10,000 in 1973, some 250,000,000 calories were used to support
that person. Since only 1,000,000 of these calories were needed to support
the individual as represented by the food energy requirements, the differ-
ence represents work done by farm machines, power plants, industry, and
nature. 

Increases or decreases in the level of money supply are thought to influ-
ence the level of production in the economy. However, this is true only if
the “externals” to the economy—i.e., sources of energy from outside of the
money circle—are constant. When the availability of energy changes, the
economy changes in ways not correctable by manipulations of the money
supply. 

Inflation 

The buying power of money is the amount of real goods and services that
it can buy. If the amount a dollar can buy diminishes, this is called inflation.
Inflation can be caused by increasing the amount of money circulating
without increasing the amount of energy flowing and doing work, for ex-
ample, when more money is printed. It can also occur when the money
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supply is constant but less work is done, for example, because energy be-
comes scarce. As long as there is unused fuel energy to be tapped, increas-
ing the money supply can increase the flow of energy through the system,
causing growth as well as some inflation.

During wartime, even when the money supply is not increased inflation
occurs, because energy is diverted away from normal production into mili-
tary activities. This reduces the energy available per dollar in the main
economy, causing inflation.

Depression and Recession 

The depression of 1929 was caused by a shortage of circulating money, a
shortage of institutions to process money, and a lack of spending. At that
time, the government undertook massive efforts to increase the circulation
of money and the flow of energy. Energy was abundant, so stimulating the
flow of money increased the inflow of energy. The recession of the 1970s,
however, was caused by a shortage of energy. Increasing the money supply
did not help in this case, as there was no increase in the inflow of energy.
Thus, if the economy is in a period of low growth, increasing the money
supply will increase the amount of work in the economy only if there are
untapped fuel reserves available. If not, increasing the money supply will
only increase inflation.

Note
1. To compare energies of different kinds, it is necessary to express them each in

units of one kind of energy required. In this paragraph the numbers are in kilo-
calories of coal energy required. A new word, “eMergy,” spelled with an “M,” was
coined for energies of several kinds expressed as one kind. Thus these numbers are
in units of coal eMergy.

Summary of

Embodied Energy and Economic Valuation
by Robert Costanza

[Published in Science 210 (12 December 1980): 1219–1224. © 1980 by the AAAS]

It has long been recognized that available energy governs and limits the
structure of human economies. While mainstream economists have not
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paid much attention to energy analysis, which is primarily concerned with
the flow of energy, almost everyone has recognized the importance of en-
ergy to the functioning of economic systems. The nature, details, and con-
clusions of the energy connection are important to several aspects of na-
tional policy. This article extends earlier input–output analyses of
energy–economy linkages by incorporating the energy costs of labor and
government services and solar energy inputs.

An important part of energy analysis is the determination of the total or
embodied energy—i.e., direct plus indirect energy—required for the pro-
duction of economic or environmental goods and services. For example,
the embodied energy in an automobile is the energy consumed in the man-
ufacturing plant (direct energy), plus the energy consumed to produce the
glass, steel, labor, capital, etc. (indirect energy). A key problem in deter-
mining the amount of embodied energy is the choice of methodology used
to calculate indirect energy requirements, since different methodologies
will yield different results. Input–output analysis, adapted by Hannon1 and
Herendeen and Bullard,2 is well suited to calculating indirect effects, al-
though controversy still exists concerning the relevant system boundaries
for these calculations.

System Boundaries

The choice of system boundaries is important because it distinguishes net
inputs from internal transactions. Net inputs are independent and exoge-
nously determined, whereas internal transactions are endogenous and in-
terdependent. Net inputs are what economists call primary factors, and are
referred to as “value added” in national income accounts. In essence, the
input–output technique distributes a net input vector through a matrix of
internal interactions to balance against a net output vector. In recent em-
bodied energy calculations, net input vectors include labor, government
services, capital services, energy, and other natural resources. The dollar
sum of the net inputs is the gross national product (GNP). The share of en-
ergy (from fossil fuels, nuclear fuels, and solar) in GNP is small in dollar
units, leading to the conclusion that energy is a minor input in economic
production. This conclusion is based on the assumption that the different
components of net input are mutually independent. This article argues that
the different components are not mutually independent, and it contends
that capital, labor, natural resources, and government services have indirect
energy costs. A method of using input–output data to calculate embodied
energies that takes the interdependencies into account is proposed.
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Primary Factors

From a physical perspective, solar energy is the principal net input. Practi-
cally everything on earth can be considered a direct or indirect product of
past or present solar energy, including all other “primary” factors. In an
input–output framework, the interdependence of primary factors can be
taken into account by expanding the boundaries so that the net input to the
model coincides with the net input to the real system. In practice this can
be done by considering households and governments as endogenous sec-
tors. The system boundaries are then defined in such a manner that only
current solar energy and the energy embodied in fuels and other natural re-
sources enter as a net input.

Input–Output-Based Energy Accounting

The input–output technique for calculating embodied energy involves
defining a set of energy balance equations, with one equation for each sec-
tor. The resulting set of simultaneous linear equations can be solved to yield
an energy intensity coefficient vector that represents the energy required di-
rectly and indirectly to produce a unit of commodity flow. When the trans-
action matrix is expanded to include the household and government sec-
tors, GNP as currently defined is no longer the net input or output of the
model. The new net input is made up of capital consumption allowances
and payments to land and resources, and the new net output is gross capi-
tal formation, net inventory change, and net exports. Even with these
changes there are some problems with the input–output calculations
adopted in this article. Specifically, some categories that fall into consump-
tion (like education) should be accounted for under capital formation.
Also, while capital stocks are accounted for implicitly when gross capital
formation is included, the picture is somewhat distorted because by con-
vention gross capital formation is credited to the industries producing the
capital, not to those using it. However, while only approximations were
used, solar energy inputs were added to the vector of direct external energy
inputs after correcting for the lower thermodynamic usefulness of direct
sunlight as compared to fossil fuels.

Results of Modifications to System Boundaries

Embodied energy intensities were calculated for each of four alternatives:
(A) using conventional economic input–output categories;
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(B) including solar energy inputs;

(C) including labor and government as endogenous sectors; and

(D) including the modifications of alternatives B and C taken together.

The variance of the energy intensities was greatly reduced under alterna-
tives C and D as compared to alternatives A and B. A lower variance im-
plies a more constant relationship from sector to sector between direct-
plus-indirect energy consumption and dollar value of output.

Regressions were run for the four alternatives, with the direct-plus-indi-
rect energy intensity as the independent variable, and the total dollar value
as the dependent variable. Since the primary energy sectors were outliers,
regressions were also run excluding them. When labor and governments
are included as endogenous sectors, there is a significant relationship be-
tween embodied energy and dollar output. The more indirect energy costs
are taken into account, the more constant is the ratio of embodied energy
to dollar output from one sector to the next. The only exceptions to this
rule are the primary input sectors, where the energy intensities are high.
This may be because the energy embodied in their outputs is much greater
than the direct and indirect energy costs involved in their production.

Ratios of Energy to GNP

There have been suggestions that economic growth can be pursued while
reducing energy consumption by shifting from high energy intensity sectors
to low energy intensity sectors. These suggestions are based on calculations
of sector-to-sector differences in embodied energy intensities using conven-
tional system boundaries. This study shows that decoupling energy and eco-
nomic activity by shifting production between sectors is not a possibility.
Given that total energy efficiency is fairly constant across sectors, any re-
ductions in direct energy consumption will be offset by increases in indirect
energy consumption through the increased use of labor, land, or capital.

Double Counting

Slesser3 has argued that including labor costs in embodied energy calcula-
tions involves double counting. This criticism is valid when using the con-
ventional system boundaries. With modified system boundaries, the sup-
port of labor is an internal transaction and is not included in net output.
The problem of double counting is therefore eliminated.
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Embodied Energy Theory of Value

Neoclassical economists have rejected various proposals for an energy the-
ory of value on the grounds that energy is only one of a number of primary
inputs to the production process. The results presented in this article indi-
cate that if there are interdependencies among the currently defined pri-
mary factors, then embodied energy values show a very good empirical re-
lation to market-determined dollar values. It can be asked whether the same
thing that has been done with energy cannot be done with any of the other
currently defined primary factors, resulting in capital, labor, or government
service theories of value. While on paper this could be done, we must look
to physical reality to distinguish net inputs from internal transactions: no
one would seriously suggest that labor creates sunlight. If the system
boundaries are properly defined, an embodied energy theory of value
makes theoretical sense.

Conclusion

The results presented in this article indicate that given appropriate system
boundaries, market values and embodied energy values are proportional for
all but the primary energy sectors. Embodied energy values may therefore
be used to determine “market values” where markets do not exist, and
these “market values” can be used for “internalizing” externalities. The
most important implication of the results for policy is that there cannot be
unlimited economic growth with reduced energy consumption. This only
appears to be true when looking at small sectors of the economy in isola-
tion. When the whole system is analyzed, it is clear that, when output is
constant, energy costs can only be transferred between sectors, not elimi-
nated entirely.

Notes
1. B. Hannon, Journal of Theoretical Biology 41, 575 (1973).
2. R.A. Herendeen and C.W. Bullard, Energy Cost of Goods and Services, 1963

and 1967 (Document 140, Center for Advanced Computation, University of Illi-
nois, Champaign-Urbana, 1974).

3. M. Slesser, Science 196, 259 (1977).
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Summary of

Energy and the U.S. Economy: 
A Biophysical Perspective

by Cutler J. Cleveland, Robert Costanza, Charles A.S. Hall, 
and Robert Kaufman

[Published in Science 225 (31 August 1984): 890–897. © 1984 by the AAAS]

Between the mid-1940s and the early 1970s, the U.S. economy showed
generally good performance. Since 1973, however, performance indicators
such as labor productivity, inflation, and growth rates have been relatively
disappointing, and mainstream economic models can not entirely explain
this shift and its underlying causes. A theoretical perspective that recognizes
the importance of natural resources, especially fuel energy, may help; some
economic problems can be understood more clearly by explicitly account-
ing for the physical constraints imposed on economic production. 

In this perspective, the focus is on the production process, i.e., the eco-
nomic process that upgrades the organizational state of matter into lower
entropy goods and services. This process involves a unidirectional, one-
time throughput of low-entropy fuel that is eventually lost as waste heat.
Production is a work process, and like any work process it will depend on
the availability of free energy. The quality of natural resources is also im-
portant to this process, because lower quality resources will always require
more work to upgrade them into final goods and services.

Based on this biophysical perspective, four hypotheses are presented and
discussed below.

Energy and Economic Production

Hypothesis 1: A strong link between fuel use and economic output exists and
will continue to exist.

Rather than viewing the economy as a closed system, it must be seen as
an open system embedded within a larger global system that depends on
solar energy. The global system produces environmental services, food-
stuffs, and fossil and atomic fuels, all of which are derived from solar and
radiation energies in conjunction with other important resources. Fossil
and other fuels are used by the human economy to empower labor and to
produce capital. Fuel, capital, and labor are then used to upgrade natural
resources to produce goods and services. Production is a process using en-
ergy to add order to matter. Since fuels differ in the amount of economic
work they can do per unit heat equivalent, both quantity and quality of fuel
play a role in determining levels of economic production. An important
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quality of fuels is the amount of energy required to locate, extract, and re-
fine the fuel to a socially useful state. This can be measured by a fuel’s En-
ergy Return on Investment (EROI), which is the ratio of the gross fuel ex-
tracted to the economic energy required directly and indirectly to deliver
the fuel in a useful form.

Standard economic theory views fuel and energy as just one set of inputs
that is fully substitutable with other inputs, but this is incorrect. Free en-
ergy upgrades and organizes all other inputs, and it is a complement in the
production process that cannot be created by combining the other factors
of production. The specific amount of energy needed to produce goods
and services is called the embodied energy.

If one considers the last one hundred years of the U.S. experience, fuel
use and economic output are highly correlated. An important measure of
fuel efficiency is the ratio of energy use to the gross national product,
E/GNP. The E/GNP ratio has fallen by about 42% since 1929. We find
that the improvement in energy efficiency is due principally to three factors:
(1) shifts to higher quality fuels such as petroleum and primary electricity;
(2) shifts in energy use between households and other sectors; and (3)
higher fuel prices. Energy quality is by far the dominant factor.

Labor Productivity and Technical Change

Hypothesis 2: A large component of increased labor productivity over the past
70 years has resulted from increasing the ability of human labor to do physical
work by empowering workers with increasing quantities of fuel, both directly
and as embodied in industrial capital equipment and technology.

Economic models generally present technological advances as means to
increasing labor and capital productivity. These effects of technological
change are measured as a residual after accounting for all tangible factors;
energy and natural resources are not considered tangible factors, thus leav-
ing a large residual. From an energy perspective, however, the increases in
labor productivity are actually driven by increased fuel use per worker-hour.
In the pre-1973 period, when fuel prices were falling relative to the price
of labor (the wage rate), labor productivity was rising as fuel was substi-
tuted for labor due to the change in relative prices. In the post-1973 pe-
riod, as the price of fuel rose relative to wage rates, the data indicates de-
clining labor productivity.

Energy and Inflation

Hypothesis 3: The rising real physical cost of obtaining energy and other re-
sources from the environment is one important factor that causes inflation.
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High inflation rates can be explained by the linkages between fuel use
and money supply. If the money supply is increased, stimulating demand
beyond levels that can be satisfied by existing fuel supplies, then prices will
rise. This implies that when the costs of obtaining fuel are high, fiscal and
monetary policies may not be successful in stimulating economic growth.

Energy Costs and Technological Change

Hypothesis 4: The energy costs of locating, extracting, and refining fuel and
other resources from the environment have increased and will continue to in-
crease despite technical improvements in the extractive sector.

It has been argued that technological innovations for mining low-quality
ores can address the problems associated with the depletion of high-quality
mineral deposits. Evidence of this is seen in the constant or declining
amount of inputs used per unit output in the extractive sector during this
century.

From a physical perspective, however, such a sanguine view of the deple-
tion and scarcity of important natural resources is unwarranted. The ex-
traction of lower quality ores requires the use of more energy-intensive cap-
ital and labor inputs. Over the last few decades, there has been an increase
in the direct fuel input per unit of output of fuels and minerals. The pre-
sent rising energy costs of fuel extraction do not bode well for future ex-
ploitation of nonrenewable resources.

The EROIs for natural gas, petroleum and coal have fallen dramatically
over time in the continental United States. In Louisiana, the EROI for nat-
ural gas declined from 100:1 in 1970 to 12:1 in 1981, and a similar decline
was observed in the petroleum industry. Nationally, the EROI for coal has
fallen from 80:1 in the 1960s to 30:1 in 1977. Another indicator of the in-
creasing cost of fuel extraction is the rise in the real dollar value of the min-
ing sector share of real GNP, from 3–4% over most of this century to about
10% by 1982. Continued economic growth depends on our ability to de-
velop sources of energy with more favorable EROIs.

Conclusion

Declining EROIs for fuels and increasing energy costs for nonfuel resources
will have a negative impact on economic growth, productivity, inflation,
and technological change. To maintain current levels of economic growth
and productivity we will need to either develop alternative fuel technolo-
gies with EROI ratios comparable to those of petroleum today, or the effi-
ciency of fuel use to produce economic output must increase.1
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Note
1. Author’s note: The empirical analyses in this article have been enriched and

updated. An additional decade of information substantiates the basic conclusions of
the article. The interested reader is referred to Robert K. Kaufmann, “A Biophysi-
cal Analysis of the Energy/GDP Ratio,” Ecological Economics 6 (July 1992):
35–56; and Robert K. Kaufmann, “The Relation Between Marginal Product and
Price: An Analysis of Energy Markets,” Energy Economics  16 (1994): 145–48.

Summary of

Natural Resource Scarcity and Economic Growth
Revisited: Economic and Biophysical Perspectives

by Cutler J. Cleveland
[Published in Ecological Economics: The Science and Management of Sustainability, ed.

Robert Costanza (New York: Columbia University Press, 1991), 289–317.]

Many people believe that human ingenuity and technological change will
mitigate scarcity problems, but biophysical analysts generally argue that
basic physical and ecological laws must constrain (not determine) economic
choices. A biophysical model of natural resource scarcity has been devel-
oped and is applied here to an empirical analysis of scarcity trends in the
U.S. mining, forestry, fishing, and agriculture sectors. The theoretical mo-
del and empirical results are compared to their counterparts in neoclassical
economics.

The Neoclassical Model of Natural Resource Scarcity

The nineteenth century classical economists Ricardo and Malthus argued
that nature was the primary constraint to economic expansion. According
to Malthus, the fixed supply of arable land would be limiting, while Ricardo
thought the constraint would be declining land quality as production ex-
panded.

Following Hotelling’s (1931) theory of optimal depletion and the em-
pirical analysis of resource depletion by Barnett and Morse (1963), the
neoclassical school rejected the classical view that nature was a constraint to
economic expansion. The Barnett and Morse study found that there was no
increasing scarcity between 1870 and 1957 in the United States in the agri-
culture, mining, and fishing sectors, despite massive physical depletions of
the highest grade resources during this period. Increasing scarcity was only
found for forest resources. The neoclassical model argues that the solution
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to increasing scarcity lies in the market mechanism. That is, as a resource
becomes scarce its price will increase, and this will lead to a number of en-
dogenous changes, including increased explorations for new deposits, recy-
cling, substitution of alternative resources, increased efficiency and, most
importantly, technological innovations.

A Biophysical Critique of the Neoclassical Model

The neoclassical model of scarcity assumes that labor, capital, and land (and
sometimes energy) are primary, independent factors of production. A bio-
physical perspective, on the other hand, distinguishes between “primary
factors” of production and “intermediate inputs.” A primary factor of pro-
duction cannot be produced inside the economic system. Low-entropy en-
ergy-matter is therefore the only primary factor of production. Intermedi-
ate inputs are produced or recycled by some combination of primary factors
and other intermediate inputs. Capital, labor, and technology are consid-
ered intermediate inputs, as they are produced from low-entropy energy-
matter.

According to Daly and Cobb,1 the neoclassical model frequently ignores
land as an input in the production process. Land is seen as property, rather
than for its unique role as a provider of natural resources and environmen-
tal services. When perceived as property, land is no different from capital
and labor, making the importance of nature disappear from the neoclassi-
cal model.

The neoclassical model also ignores the massive amounts of energy used
to harvest resources. From a biophysical perspective, an important rela-
tionship exists between energy costs and the quality of resources, since en-
ergy is required to upgrade the organization of resources. Moreover, the
declining labor costs of resource extraction documented in the Barnett and
Morse study were not due to “self-generating” technological change, as the
study suggests, but rather resulted from the substitution of higher quality
surplus fossil fuel energy for labor in the resource transformation process.
The extraction of a fossil fuel results in a net energy surplus, i.e., the quan-
tity of energy available in the fuel, less the energy costs of extracting it. The
quantity of goods and services that can be produced in an economy is then
limited by the absolute amount of surplus energy available and the effi-
ciency with which it is used. The period that Barnett and Morse studied in-
cluded two complete transformations in which high-quality fuels displaced
the use of lower quality fuels: first coal replaced wood, and then oil and nat-
ural gas replaced coal. It was these substitutions of higher quality fuels that
reduced the labor-capital costs of extracting fuels.
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Resource Scarcity from a Biophysical Perspective

The two fundamental points underlying the biophysical model of the pro-
duction process are:
(1) High-quality resource deposits require less work to locate, upgrade,

and refine than low-quality resources. In addition, in the process of the
transformation of resources, some high-quality economically useful
energy is degraded into lower quality economically useless energy. The
laws of thermodynamics dictate that, for any given material and given
amount of increase in order, there is a minimum amount of energy re-
quired; in the real world, even more energy must be used than the
minimum energy requirements. Technological change cannot change
the minimum energy requirements in the transformation process, but
it can help move toward the minimum requirements.

(2) The technological change in industrial countries has a physical basis.
Historically, mechanical energy from humans, draft animals, and inan-
imate energy converters powered by fossil fuels and electricity were the
main sources of energy in the extractive sectors. During the last cen-
tury, however, fossil fuels have become dominant, replacing humans
and draft animals. Most importantly, increasing amounts of energy
subsidize the efforts of labor, boosting labor productivity.

Humans usually use natural resources in order of decreasing quality. The
relationship between energy costs and resource quality can be obtained by
constructing the biophysical resource conversion function, which describes
the amount of direct (Ed) and indirect (E i ) energy used to upgrade a unit
of resources with heterogeneous, lower quality physical and locational at-
tributes (Ru) into a unit of a “standard resource” with homogeneous phys-
ical and locational attributes (R).

The Energy Cost of Extractive Output

This section tests the hypothesis that the energy costs of natural resources
have increased over time in the United States due to changes in the relative
strength of depletion and technical innovations. The hypothesis is tested by
calculating the direct and indirect fuel used to produce a unit of resource
in the mining, agriculture, forest products, and fisheries industries, where
Q is the total output of the industry, and Q /(Ed + E i ) is the output per
unit of energy input in the industry.

Mining
Empirical Results: In the metal mining industry, Q /(Ed + E i ) increased
from 1919 through the mid-1950s and then decreased by a factor of two
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by the 1980s. The nonmetal mining sector shows varying trends for differ-
ent types of output, but the general trend in the sector was substantially de-
creasing energy costs per unit of output. In the fossil fuel sector, output per
unit of energy input is measured by the energy return on investment
(EROI). The EROI for the fossil fuel sector rises in the first half of the cen-
tury and then declines in the 1960s and 1970s. The EROI for petroleum
peaked in the early 1970s and then declined by a factor of two in the 1980s.
Coal production showed a similar decline, beginning a decade earlier than
petroleum.

Discussion: In the metal mining industry, resource depletion is the main
cause of the increasing energy costs. The declining quality of ores and the
increased mine depth, which results in increases in the amount of waste
rock mined per ton of ore, contributed to the increasing costs. While the
nonmetal mining sector also saw increases in the amount of waste rock
mined per ton of ore, energy costs still decreased because of improvements
in recovery techniques. Increases in the energy costs in the coal industry
were a result of depletion, with anthracite showing greater levels of deple-
tion than bituminous coal. Energy costs in the oil and gas industry have in-
creased because depletion has outstripped the gains from technical innova-
tion.

Agriculture
Empirical Results: Measuring the output of the agricultural sector in phys-
ical terms is not straightforward. Three different measures can be used:
gross domestic product originating on farms, the USDA farm output
index, and the total calories produced in principal crops. For all three mea-
sures, the energy cost of producing a unit of output increased between
1910 and 1973, and it decreased between 1974 and 1988.

Discussion: While energy costs in agriculture increased between 1910 and
1970, prices to consumers generally declined over that period. This appar-
ent paradox arises because savings from innovation and improvements in
labor productivity offset the increases in direct and indirect energy use. The
fall in energy costs per unit of output between 1974 and 1988 was a con-
sequence of the energy price shocks of the early 1970s, which caused major
reductions in farm energy use.

Forest Products
Empirical Results: In the forest product sector, output per unit of energy
used declined between 1950 and 1973, and it then increased by 40% be-
tween 1974 and 1986.

Discussion: The forest product sector has been similar to the agriculture sec-
tor. Between 1950 and 1973, increased mechanization and energy use in-
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creased total output and labor productivity but decreased Q /(Ed + E i ).
The energy price increases of the 1970s then increased the energy efficiency
of the sector. These interpretations of the forest sector must be qualified by
noting that wood waste fuel use—the main energy source in this sector—
can only be estimated, and the uncertainty associated with these estimates
may be substantial.

Fisheries
Empirical Results: National data on energy use in fisheries is not collected,
so the trends presented here are based on the energy use and output of the
New Bedford, Massachusetts fleet, which has the largest catch by value and
the sixth largest by poundage in the country. Between 1968 and 1988,
there have been sharp increases in the energy costs per unit of output. At
present, 35 BTU of fuel are used to harvest 1 BTU of edible fish protein.

Discussion: The rising energy costs are a result of increases in the total num-
ber of vessels in the fleet, in the average horsepower per vessel, and in the
time required to travel to and from the point of harvesting due to the de-
pletion of fish stocks. On the output side, there have been sharp declines in
output due to decreased fishing effort and competition from foreign fleets.

Conclusion

Economic models showing declining dollar costs of resource extraction
mask significant increases in energy costs per unit of output in several sec-
tors. Of these, the increase in the energy costs of obtaining fossil fuels have
the most serious long-run implications, since these fuels are essential for the
extraction of all other resources. In addition, declines in the quality of non-
fuel resources will cause positive feedback effects, accelerating the depletion
of fossil fuels and the accompanying increase in their own energy costs.2

Notes
1. Herman E. Daly and John B. Cobb, For the Common Good: Redirecting the

Economy Toward Community, the Environment, and a Sustainable Future (Boston:
Beacon Press, 1989 and 1994).

2. Author’s note: The empirical analyses in this article have been enriched and
updated. An additional decade of information substantiates the basic conclusions of
the article. The interested reader is referred to: Cutler J. Cleveland, “Energy Qual-
ity and Energy Surplus in the Extraction of Fossil Fuels in the U.S.,” Ecological Eco-
nomics 6 (October 1992): 139–62; Cutler J. Cleveland, “An Exploration of Alter-
native Measures of Natural Resource Scarcity: The Case of Petroleum Resources in
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the U.S.,” Ecological Economics 7 (April 1993): 123–57; and Cutler J. Cleveland
and David I. Stern, “The Scarcity of Forest Products Revisited: An Empirical Com-
parison of Alternative Indicators,” Canadian Journal of Forest Research 23 (1993):
1537–549.

Summary of

The Biophysical Systems World View
by John Peet

[Published in John Peet, Energy and the Ecological Economics of Sustainability
(Washington, D.C. and Covelo, California: Island Press, 1992), 83–95.

© John Peet, 1992.]

The biophysical systems perspective sees the economy in terms of the
physical activities that take place in it, while the political–economic per-
spective focuses on the social aspects of the activities of society. From the
biophysical point of view, the continuing transformation of available and
unavailable energy resources in accordance with the Second Law of Ther-
modynamics is the fundamental fact of life in the functioning of all
economies; there is no known economic process that does not begin by
using some sort of raw material and eventually generating waste. The in-
teraction between energy and matter is the basis for life itself, including
human life and culture. The inclusion of energy in a world view based on a
physical systems perspective can therefore help to clarify the relationship
between a social system and its environment. Energy analysis may also help
us see where the biophysical and political–economic viewpoints differ, and
it may indicate areas in which conventional assumptions need deeper ex-
amination.

Energy Analysis

Matter normally enters an economic system as raw materials from the envi-
ronment. The flow of useful matter into and through an economic system
can be characterized in terms of the available energy expended in carrying
out the transformation processes in which the matter is involved. Thus, en-
ergy can be used as a numeraire or unit of account, enabling a wide variety
of goods to be accounted for in terms of the quantity of the energy used in
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the process of transforming them into marketable products. From the bio-
physical systems perspective, it is the amount (the physical cost) of energy
embodied in a product that is important, not its market price. Therefore,
only physical processes of production are considered, and not the social val-
uation of the product in the marketplace.

The branch of physical science that follows economic production and
consumption through their energy consequences is known as energy analy-
sis. It involves the determination of the amount of primary energy that is
dissipated in producing a good or service and delivering it to market. There
are two common techniques for accomplishing this: process analysis and
input–output analysis. Process analysis systematically determines the energy
requirements for each stage of a productive process, and by summing the
energy added at each stage, it provides the total energy requirement of the
product. Input–output analysis is a modification of a standard economic
tool. It requires a detailed survey of the economy with an explicit account-
ing of the direct and indirect energy requirements for producing goods and
services. “Thus, all of the energy inputs to the processes that precede the
output of a given good or service in the economy are evaluated, right back
to the coal mine, oil well, power station, or gas field.”[87] As a rule,
input–output analysis is appropriate when examining events that affect an
entire economy, whereas process analysis may be more appropriate for the
study of a specific process.

Net Energy and Physical Accessibility

Energy transformation systems normally begin with a coal mine or an oil or
gas well from which the resources are physically extracted, followed by fa-
cilities that generate power and produce fuels. Thus, in this approach the
energy transformation sector is treated exogenously, not simply as another
part of the productive sector of the economy. An important characteristic
of this sector is that it absorbs capital as well as operating and maintenance
inputs from the economy, which themselves absorb energy. It is when the
flow of useful energy to the economy exceeds these input energy flows that
there is a supply of net energy to the economy.

The net energy criterion is a means of indicating the physical accessibil-
ity of an energy resource; it is a measure of the effort required to extract
and deliver a resource expressed in energy terms. The evolution of the in-
dustrialized economies over the past century has witnessed a progression to
cheaper and increasingly accessible energy sources, but only after the de-
velopment of the technologies necessary to extract these new resources.
Not surprisingly, societies have exploited the resources that were most ac-
cessible first.
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There is increasing evidence, however, that energy is becoming more dif-
ficult to obtain and process into readily usable forms. This implies that es-
calating resource inputs (and higher pollution levels) will be required to
maintain the same net energy supply into the economy. Improvements in
technology will not resolve this dilemma. The Second Law of Thermody-
namics states that there is an absolute minimum energy requirement for any
process—for example, lifting a ton of coal to the surface or pumping a liter
of water—that is absolutely unalterable by technology. Thus, in time, the
energy transformation industry will have to grow and absorb a steadily in-
creasing quantity of economic activity just to maintain the system at its cur-
rent level.

Neither should much faith be placed in new energy technologies. For ex-
ample, much of the optimism surrounding “breeder” type nuclear reactors,
a process that allegedly produces more fuel than it consumes, has proved to
be illusory. These reactors were merely converting nonfuel uranium (U-
238) into fuel grade plutonium (Pu-239) for use in conventional (fission)
nuclear power plants, not creating new fuel out of nothing. Nuclear fusion
(rather than fission) is seen as the ultimate unlimited energy source, which
is supposed to duplicate the reactions that occur in the sun at millions of
degrees, transforming hydrogen into unlimited amounts of energy. How-
ever, so far these efforts have succeeded only in absorbing vast sums of
money and energy, producing no tangible results.

Technology, then, will not provide any relief, and the consequences of
this are clear: “When resources are relatively inaccessible, the primary re-
source flow will be greater than it was for the earlier, high-accessibility case.
Thus, the rate of depletion of primary resources will also increase for a
given (constant) flow of net energy to the economy. Pollution and other ex-
ternalities will also be greater due to the increased rejection of unavailable
energy.”[90] As primary resources become less accessible, it is possible to
predict very rapid rises in energy input for very modest increases in nonen-
ergy output. Under conditions of rapid energy-intensive capital investment,
it is possible for energy supply programs to be net consumers of energy.

Aims of the Biophysical Systems World View

The implications of the foregoing analysis are that:
(1) the long-term economic costs of energy resource development are

likely to be much higher than currently believed; and
(2) costs are likely to increase at an accelerating rate over time.

Energy analysis provides strong indications that there are limits to eco-
nomic growth, and that current predictions of future energy prospects se-
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riously underestimate the current value of energy resources and encourage
wasteful use. If these insights were incorporated into economic analysis,
sustainable alternatives would be viewed in a more favorable light.

Summary of

Energy, Labor, and the Conserver Society
by Bruce Hannon

[Published in Technology Review (March/April 1977): 47–53.
Reprinted with permission from Technology Review, © 1977.]

There are two paths that America can adopt with respect to future energy
use. On the one hand, we can optimistically increase our per capita energy
use, relying on new technologies, energy price controls, and statesmanship
to postpone shortages. On the other hand, we can be more realistic and be-
come more of a conserver society that recognizes the limited availability of
low-cost energy. A conserver society would need to forecast energy short-
ages and consider the technological, social, and economic problems that
would be associated with substituting renewable capital and labor for labor
when shortages of nonrenewables arise.

The Relationship of Energy, Wages, and Employment

The use of the three basic inputs in the production process—capital, labor,
and energy—are determined by a combination of market forces and regu-
lations in the form of price controls, taxes, and subsidies. The ratio of the
prices of any two inputs represents the ratio of their marginal productivi-
ties; the lower the relative marginal productivity of a commodity, the more
widely it is consumed. Between 1935 and 1970, as industrial workers’
wages rose faster than the price of industrial electricity, electricity was sub-
stituted for labor. Unemployment did not increase during this time period
because of an increase in total economic activity that created as many jobs
as were lost due to the substitution of electricity for labor. However, steady
employment could have been insured during this period even with zero
economic growth if the price of energy had been raised relative to the wage
rate. This is apparent between 1970 and 1975, when the real wage rate, and
hence the ratio of wages to the price of electricity, fell; although the level
of economic activity dropped, the level of employment still rose as labor
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was substituted for energy during this period due to the relative price
changes. A reduction in energy use may, however, mean less material
wealth, so “the principal problem of the conserver society becomes one of
providing and maintaining an equitable distribution of reduced energy and
material flows”[47]

Since 1950, labor and capital have not been substituted for one another,
but electricity has been substituted for capital. Evidence of this is seen in
the increase in centralized production facilities that conserve labor and cap-
ital but are energy intensive.

The Constraints of Energy

A conserver society will increase the use of labor and capital and reduce en-
ergy use. The efficient use of energy should be guided by two important
physical rules: the Second Law of Thermodynamics, and the concept of net
energy. The Second Law suggests that a given quantity of energy has a
higher quality (in terms of its ability to do mechanical work) at higher tem-
peratures than at a lower ones. The concept of net energy suggests that it
is more economic to transmit high-quality energy than low-quality energy.
These two physical laws should constrain the planners of a conserver soci-
ety, requiring them to match the quantity and quality exchanges of energy.
To achieve maximum efficiency, energy exchanges should be organized in
a cascading manner, so that the output of one process becomes the input
of another. Raising the relative price of energy will result in more intensive
use of energy and the development of energy-conserving communities.

As a first step the conserver society must work toward reducing total en-
ergy use. Care must be taken to ensure that changes resulting in reduced
energy use at one point do not result in compensating increases at another.
Such increases might occur, for example, if reducing energy use results in
income increases that then increase energy demand when they are spent.
The main issue facing conserver society planners is therefore to identify
“specific changes in the present economy (that) will reduce energy demand
and increase employment, under conditions of income equilibrium.”[48]
One way that this issue has been approached is by comparing high-energy-
using decisions with low-energy-using alternatives while incorporating re-
spending effects, to determine the energy and employment changes caused
by substitutions. Based on these calculations the job potential per unit of
energy saved for each conservation project can be determined by dividing
the net change in employment demand by the net change in energy de-
mand.



224 Part IV. Energy and Resource Flow Analysis

Relating Energy and Jobs

Aggregate behavior of the U.S. economy in 1974 indicates that 930,000
new jobs were created for every quadrillion Btu reduction in energy use.
Given that present U.S. energy use is about 80 quadrillion Btu, it would
therefore be possible to reduce unemployment by up to 4 million people
(i.e., full employment) by reducing energy use approximately 5–10%. In
some cases jobs are lost when energy is expended. For example, in the short
run about 75,000 jobs are lost for every new quad of primary energy that
is transformed into electricity. This is because increasing energy purchases
require a corresponding reduction in costs, which must be brought about
by reducing the demand for labor. More jobs are lost due to reduced labor
demand than are created by the increased electricity generation.

Strategies for Conservers

Energy conservation policy must be approached on a case-by-case basis.
For this purpose, a series of calculations outlined in this article could be
used to establish priorities. Examples of ways to increase employment and
reduce energy use include shifting from personal autos to buses, trains, and
bicycles, or from bulk materials trucking to retail transport. However, not
all shifts toward lower energy use will generate employment.

Another option is to promote lower energy use through a tax on energy
at the point of production based on the energy content. This will result in
increasing prices for goods and services, with greater price increases result-
ing for the more energy-intensive commodities. Consumers would then
shift from energy-intensive commodities to relatively labor-intensive ones.
This tax would result in lower energy consumption at home and in indus-
try, but the increased revenues generated for the government would create
their own energy demands when they were spent. The government could
use this additional income to reduce the personal income tax on individu-
als, or to subsidize energy conserving capital investments in the economy.
Another way to promote energy efficiency is through rationing, which fo-
cuses on the finiteness of the energy supply, and which is a more precise
method of controlling energy flows in the economy than taxation

It is only through government intervention, not individual voluntary ac-
tion, that a culture of conservation can be developed. It is possible to
achieve declining energy use without compromising the issues of equity
and full employment.
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Summary of

Industrial Metabolism
by Robert U. Ayres

[Published in Technology and Environment, eds. Jesse H. Ausubel and Hedy E.
Sladovitch (Washington, D.C.: National Academy Press, 1989): 23–49. Adapted with
permission from Technology and Environment. © 1989 by the National Academy of

Sciences. Courtesy of the National Academy Press, Washington, D.C.]

The biosphere and the industrial economy are both systems that trans-
form materials. While the biosphere is a nearly perfect system for recycling
materials, industrial systems need to be modified to increase their efficiency
in production and recycling. Like the early stages of biological evolution,
modern industrial processes are discrete, irreversible linear sequences that
are energized by fuels which are not regenerated within the system. Mod-
ern biological processes, on the other hand, are regenerative. Industrial me-
tabolism—i.e., the energy- and value-yielding processes of economic devel-
opment—can gain from the lessons learned from the biosphere. This article
discusses the environmental significance of industrial processes, as well as is-
sues related to waste emission.

Each year more than ten tons of “active” mass is extracted per person in
the United States. In principle, 75% of this is nonrenewable and 25% re-
newable. However, only about 6% of this extracted mass becomes embod-
ied in durable goods, while the remaining 94% is ultimately converted into
waste material that includes highly toxic, carcinogenic, and mutagenic ma-
terials. Most of the extracted material is transformed into waste rather
quickly and is degraded, dissipated, and lost in the course of a single nor-
mal use. The environmental impacts of this unused waste are harmful and
can be linked to the greenhouse effect, the ozone hole, acid rain, smog, etc.
The total production of waste exceeds the tonnage of crops, timber, fuels,
and minerals recorded by economic statistics. Also a number of services
provided by the environment are derived from common property resources
like air, the oceans, the biosphere, and the sun. Many of these factors are
underpriced in the marketplace, resulting in their overuse. While the in-
dustrial system may be in equilibrium in terms of market relationships, this
is not so in thermodynamic terms. Waste materials may disappear from the
market, but not from the physical world. “The economic system is stable
somewhat in the way a bicycle and its rider are stable: if forward motion
stops, the system will collapse. Forward motion in the economic system is
technological progress.”[32]

Industrial metabolism can, however, play a role in the recycling of mate-
rials and waste products. In fact, there are many examples in the chemical
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industry in which the existence of waste and by-products has led to impor-
tant innovations. For example, the Leblanc process used in the production
of sodium bicarbonate now makes use of sodium sulfate, which was previ-
ously an unwanted by-product of the production of ammonium chloride.
Also, a systematic search by German chemists to utilize by-products re-
sulted in the use of coal-tar, leading to the development of the modern or-
ganic chemical industry. Until recently, natural gas, a by-product of petro-
leum production, was “flared,” but it is now used in the production of
synthetic rubber.

Technological innovation that will result in economic benefits should be
explored as a means to reduce the amount of waste generated. We should
seek innovations that can:
(1) Shorten and/or reduce the process chains in a production process: This

will result in overall gains in efficiency and reductions in costs. The sav-
ings in materials and energy inputs and/or capital requirements will in
most cases justify a new process that saves one link in the chain be-
tween raw materials and finished materials or final goods. The use of
first-tier intermediaries or primary feedstocks can enhance the overall
efficiency of production systems. Since complex molecules can be de-
veloped from biological organisms with few intermediates, biotech-
nology offers the prospect of long-term productivity gains at lower
costs.

(2) Make better use of by-products and wastes generated in the production
process: When a process can be justified economically based on the mar-
ket for its primary product alone, then selling by-products as well can
be highly profitable. In addition, firms are now sometimes forced to
clean up their wastes retroactively, but increasing the recycling of by-
products and wastes could prevent such problems in the future.

Economic evolution may be directed by a variety of either long-term or
short-term goals. It may be, however, that there is a long-run evolutionary
imperative that favors dematerialization of the economy. This could be ac-
complished through the development of industrial metabolism technolo-
gies that reduce the extraction of virgin materials, reduce wastes and dissi-
pative uses of toxic materials, and increase multiple use and recycling of
materials. Short-term economic incentives, on the other hand, are often in-
consistent with this hypothesized long-term imperative. For example, mar-
ket forces promote product differentiation and specialization, both of
which increase the costs of repairs and recycling. Repair, reuse, and recy-
cling occur in poor countries to such an extent that wastes or “junk” are
practically nonexistent, while in advanced countries goods that are difficult
or impossible to repair accumulate as wastes. In addition, as products be-
come more reliable and their warranties lengthen, they are increasingly de-
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signed in such a manner that disassembly is discouraged and often can only
be done by the manufacturer. Incentive structures necessary to encourage
the long-term goals proposed here must therefore ultimately arise out of
social and political responses to perceived environmental problems.

Materials-balance principles can be used to analyze economic and tech-
nical data together, yielding more reliable estimates of waste residual out-
puts than those found by direct measurement. Technological evolution that
is oriented toward long-term goals can also be used as a basis for forecast-
ing the future of industrial processes. For example, it seems likely that the
industrial system of the future will use hydrogen as a bulk energy carrier,
recycle wastes with high efficiency, and eliminate the release of biologically
active toxins into the environment.

Summary of

Industrial Input–Output Analysis:
Implications for Industrial Ecology

by Faye Duchin
[Published in Proceedings of the National Academy of Sciences

89 (February 1992): 851–855.]

Industrial ecology (IE) is an emerging field that deals with conserving
and recycling energy and other materials in the production process. IE faces
two challenges. First, practical methods must be identified for reducing and
recycling wastes in a wide range of situations. While some changes may be
profitable in the short run and therefore adopted voluntarily, these may not
be the most important ones from a system-wide or long-term perspective.
Second, IE should provide a framework both for evaluating the long-term
advantages and disadvantages of different patterns of industrial change and
for identifying the short-term bottlenecks that may be associated with these
changes. These studies will assist in both public discussions and private cal-
culations. This article discusses how structural economics and an input–
output model can assist in the development of the IE framework.

Structural Economics

Structural economics attempts to provide a detailed, disaggregated de-
scription of an entire economy in terms of its concrete and observable con-
stituent parts and the interrelationships between them. The constituent
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parts include natural objects, technologies, and social institutions. The
analysis is carried out using both mathematical input–output models and
qualitative analysis for those issues that are difficult to formalize. The qual-
itative aspects of the analysis help in the formulation of questions and the
evaluation of results. Of particular interest to the structural economist are
the dynamics of long-term structural changes under different assumptions,
rather than analysis of static or equilibrium states. Unlike mainstream eco-
nomic models that are used to arrive at unique solutions to optimization
problems, structural economics models are used to arrive at a set of possi-
ble solutions. In addition, Structural Economics considers changes in input
structure in terms of both process changes that may originate outside of the
system and substitutions of sets of inputs rather than of individual inputs.
The input–output model is central to the formalism of structural econom-
ics models.

Input–Output Models

The input–output model1 is based on the interdependence of the produc-
tive sectors of an economy, where every sector’s output is an input to every
other sector and to itself. The input–output framework relates output,
prices, deliveries to final users, and factor costs per unit of output in matrix
form through a set of equations. There is no attempt to discover an opti-
mal strategy because issues may not be purely economic. Rather, the effects
on all sectors of the economy of a range of technically feasible scenarios can
be examined, as well as the implications of different policies.

The simple static input–output model has been extended to consider dy-
namic issues. This dynamic input–output model can be used to describe
and analyze changes in the economy over historical time. The simple model
has also been extended to include an optimization framework used to iden-
tify the least-cost technological options faced by different sectors. This op-
timization framework can distinguish between those cases where the appli-
cation of formal optimization is appropriate and those where it is
misleading. A third extension is the development of a model of the world
economy that incorporates international resource flows and can be used to
investigate strategies for environmentally sound economic development.

Implications for Industrial Ecology

A program to reduce the input of raw materials and to recycle wastes often
gives rise to questions about the costs and benefits of undertaking the pro-
gram and the policies that will lead to the optimal level of recycling. While
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these questions are relevant and need to be raised, the first question that
should be asked is, how can this source reduction and recycling be achieved?
This question of how has been largely ignored by economists because of
their conviction that, given the right incentives, firms will always seek to
minimize costs, and thus will know how to do things. This may be true in
situations where the changes in the economic environment have been
small. However, when significant changes are called for, analysis of alterna-
tive techniques is necessary to explore the possible paths. Undertaking this
task of analyzing the outcomes resulting from different techniques requires
cooperation among economists, engineers, and natural scientists. Once
plausible and acceptable scenarios are identified, further analysis can reveal
the extent of incentives, disincentives, and regulations that might be
needed to encourage their adoption.

Note
1. The article includes an example showing input–output computations that has

been omitted in this summary.

Summary of

Implementing Industrial Ecology
by T.E. Graedel, B.R. Allenby, and P.B. Linhart

[Published in IEEE Technology and Society Magazine
12 (Spring 1993): 18–26 © 1993 IEEE.]

Industrial ecology (IE) can be defined as a concept wherein “economic
systems are viewed not in isolation from their surrounding systems but in
concert with them. As applied to industrial operations, it requires a systems
view in which one seeks to optimize the total materials cycle from virgin
material, to finished material, to component, to product, to waste product,
and to ultimate disposal. Factors to be optimized include resources, energy,
and capital.”[18] This article discusses some issues related to the industrial
ecology of manufacturing processes.

Systems Description

R.A. Frosch and N. Gallopoulos1 have argued that industrial systems
should attempt to mimic the biological ecosystem. Biological ecosystems
are a complex network of processes in which everything produced is used
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by some organism for its own metabolism; the wastes of one organism are
food for another. During the earliest periods of life on earth, material cy-
cles were actually linear systems in which organisms had unlimited re-
sources and produced wastes without recycling. As resources became lim-
ited, flows into and out of the ecosystem (resources and wastes) became
limited while recycling increased, i.e., the flow of materials became semi-
cyclic. While this type of materials flow is more efficient than the linear sys-
tem, it is still not sustainable over long periods of time. To achieve sustain-
ability, ecosystems have evolved to become almost completely cyclical;
resources and wastes are undefined, as residues from one component of the
system are resources for another. The only exception to complete cyclicity
in the biological ecosystem is that energy in the form of solar radiation en-
ters as an outside resource.

During a period of global plenty, the industrial revolution, coupled with
increases in the human population and agricultural production, led initially
to the development of industrial processes similar to the linear systems de-
scribed above. However, the effects of both resource constraints and lim-
ited waste disposal sites are beginning to set in. There is increasing pressure
to change the patterns of material flows in industrial systems from linear to
semicyclic. Industrial ecology is intended to promote this transformation in
an efficient manner. The domain of IE consists of four central nodes: the
materials extractor or grower, the materials processor or manufacture, the
consumer, and the waste processor. Processes should be set up to ensure
that there are cyclical flows between these four nodes, thus reducing their
disruptive impact on external support systems.

Resource Flows

Applied industrial ecology studies the factors that influence the flows of se-
lected materials between economic processes. The overall industrial ecology
cycle can be divided into three stages:
(1) Industrial Production of Materials: This stage begins with virgin mate-

rials and proceeds through the processes of extraction, separation or
refining, and physical and chemical preparation to produce the finished
material. Both recycling and disposal of waste materials occur between
some of these stages.

(2) Industrial Manufacture of Products: A number of finished materials
will enter this stage of the manufacturing process, and then go through
the forming, finished components, and fabrication stages to create fin-
ished products. Industrial physical designers are concerned with the
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material flows within this process, i.e., waste flows, recycled material
flows, and in-process recycle flows. Optimizing the industrial ecology
implies increasing the recycle flows and reducing waste disposal. This
optimization may involve trade-offs between the purity of the finished
product on the one hand and reduction in the use of materials on the
other.

(3) Customer Product Cycle: Customer decisions are made independently
of the production of materials and the manufacture of products. Fin-
ished products are used by consumers, and they may then either be re-
cycled or disposed of when they become obsolete. Industrial ecology
moves toward optimization as recycling is favored over disposal.

Approaches to Industrial Ecology

Industrial ecology analysis can be material-specific or product-specific.
Human institutions can promote or constrain desirable material flows, and
both social pressures and private profit may be needed to develop a sound
industrial ecology. Price incentives can be used in some cases to correct for
externalities that may work against sound industrial ecology practices. In
other cases, the desired results must be achieved by regulations such as the
Clean Air Act.

In developing industrial ecology models, the industrial system should be
viewed as part of a larger system. The problems must ultimately be posed
in the framework of mathematical models. Input–output models and linear
and nonlinear programming are all mathematical tools that can be used to
model the industrial ecology cycle. The challenge, however, lies not in solv-
ing the mathematical model but in using appropriate insight and informa-
tion in defining the magnitudes of the interactions among the components
of the industrial ecology cycle.

Note
1. R.A. Frosch and N. Gallopoulos, “Towards an Industrial Ecology,” paper pre-

sented to the Royal Society, London, February 21, 1990.
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PART V

Accounting and Evaluation

Overview Essay
by Jonathan M. Harris

One of the known weaknesses in standard economic theory is its reliance
on gross national product or gross domestic product accounts as a measure
of income. Some of the limitations and inconsistencies in GNP/GDP have
long been known to economists, including the failure to account for unpaid
work, leisure time, and pollution damage. Ecological economists have
expanded the critique of GNP and have started to propose alternative mea-
sures. The issue is potentially of enormous significance for policy. Growth
in GNP is almost always a major economic policy goal, and GNP accounts
provide the measure of success or failure in meeting this goal. If we change
the yardstick of measurement, our policy priorities will undoubtedly change
also.

GNP/GDP has not proved easy to displace, however. One reason for this
is the strong attachment of statistical authorities to existing measurement
categories. Another is the difficulty of achieving agreement among the crit-
ics on a clearly definable alternative standard—or even on whether such a
standard should be sought. Efforts to grapple with this issue have given rise
to an expanding literature on the subject, including a number of practical
applications of revised national income analysis.

The case for new accounting techniques was first presented comprehen-
sively in the UNEP/ World Bank report Environmental Accounting for Sus-
tainable Development, (1989) edited by Yusuf J. Ahmad, Salah El Serafy,
and Ernst Lutz. The authors of original articles presented in this volume
argue that a measure of sustainable income is needed, which standard GDP
measures fail to provide. This argument is consistent with the widely
accepted “Hicksian” definition of income, according to which current con-
sumption can only be considered income if it does not reduce future wel-
fare through depletion of assets. GDP fails to distinguish between income
derived from production and income derived from depleting natural capi-
tal assets such as forests, soils, and mineral reserves. It also fails to identify
defensive expenditures, such as costs of cleaning up pollution or restoring
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eroded soils. While these activities in themselves are productive, it is a form
of double counting to add both the pollution-creating activities and the
resulting cleanup activities into GDP.

The clear implication of these criticisms is that if natural resource deple-
tion and pollution are significant factors, standard GDP may grossly over-
state the well-being of an economy. The contributors to the UNEP/ World
Bank report suggest a systematic response to these problems—essentially
offering methods to subtract the value of natural resource depreciation and
defensive expenditures from standard GDP. This raises many questions of
appropriate techniques for identifying and assigning a value to these factors.
One set of issues in accounting and valuation concerns these questions of
techniques for adjusting GDP figures. Another, broader discussion con-
cerns whether it is appropriate to “adjust” an inherently flawed measure at
all, with some authors suggesting that completely different, more ecologi-
cally based measures should be used, while others propose “pluralism,”
with no single measure dominating.

Prominent among those arguing for pluralism in national accounts is
Richard Norgaard. In “Three Dilemmas of Environmental Accounting” he
traces the environmental and resource depletion issues to more fundamen-
tal inconsistencies in the logic of GDP accounting, and in economic theory
itself. This is a central point for ecological economics. The criticisms of the
neoclassical paradigm raised by ecological economists have already been
extensively discussed. In view of these sweeping criticisms, does it make any
sense to accept a modified version of the neoclassical GDP construct as an
adequate index of economic activity? Practical considerations may imply the
need for a straightforward, single-value estimate of “modified” GDP to
compete with standard GDP for the attention of policy makers. But in Nor-
gaard’s view there cannot be a theoretical justification for the use of such a
measure. Rather, we must seek to measure different dimensions of eco-
nomic and ecological reality, and oppose any single standardized system of
accounts.

From the opposite, systematizing point of view there have been numer-
ous efforts to offer, in Roefie Hueting’s words, “a practical solution for a
theoretical dilemma.” Hueting’s own proposal is to define a standard of
sustainability, then adjust present GDP figures based on the estimated cost
of achieving this standard. Jan Tinbergen and Roefie Hueting point out the
paradox that environmental improvement may imply lower GNP but higher
welfare (as when bicycles substitute for cars, or agricultural land is fallowed
to rebuild soils). The use of an environmental standard system corrects for
this inherent bias in GDP accounts. Henry Peskin advocates a similar sys-
tem, using neoclassical techniques to measure the “services” provided by
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the environment as well as natural capital depreciation.1 This system has
been applied in a U.S. Environmental Protection Agency pilot study of the
Chesapeake Bay region.

The article by Peskin and Lutz summarized here provides an overview
of accounting techniques appropriate for environmentally adjusted
national income accounts, but it offers no single recommended system.
Peskin and Lutz also draw attention to the differences between industri-
alized and developing nations in this area; developing nations tend to be
more resource-based and have more glaring environmental problems, but
statistical data to account for this is often lacking. For the United States,
Herman Daly and John Cobb have presented a systematic “Index of Sus-
tainable Economic Welfare” which deconstructs national income analysis
by sector to impose standards of sustainability (and equity) on all ele-
ments of the national income accounts.2 No such measure has yet been
derived for developing nations. The United Nations Development Pro-
gramme’s Human Development Report offers a GDP alternative based pri-
marily on social factors, though they have recently introduced some envi-
ronmental categories into their calculations of a “Human Development
Index.”3

During the period since the 1989 World Bank volume, considerable
empirical work has been done to apply natural resource accounting tech-
niques to specific countries. Robert Repetto and his associates at the World
Resources Institute have published a number of natural resource account-
ing studies for developing nations, including Indonesia, the Philippines,
and Costa Rica.4 The studies can be summarized graphically as modified
GDP time series, showing quite dramatically the difference made by an
accounting for such factors as petroleum depletion, forest loss, and soil ero-
sion in the growth trend of GDP. When investment trends are presented
graphically in a similar fashion, the results are even more striking, with
adjusted net investment becoming negative during years when gross invest-
ment appears high and rising.

Salah El Serafy has revised the results of Repetto’s study of Indonesia to
make the figures more compatible with standard accounting techniques. In
his rendition, the series are less volatile but show equally dramatic differ-
ences in the interpretation of net investment. Kirk Hamilton has applied
similar techniques to calculation of net savings, arriving at the startling con-
clusion that for most of the developing world, net savings have been nega-
tive since the mid-1970s when resource and environmental factors are
included.5

The United Nations has performed similar resource accounting studies
for Mexico, Papua New Guinea, and Thailand.6 While this expanding list of
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country studies does not offer a systematic substitute for standard GDP, it
does offer a detailed array of more environmentally sensitive measures for
the consideration of development policy makers.

Another, more radical, approach to a systematic revision of national
accounts would be to use a completely different basis for measuring eco-
nomic activity. Malcolm Slesser, following the logic of the energetic school
discussed in Part IV, proposes the use of an energy/embodied energy
numéraire. Together with Jane King, he has developed a simulation model
based on embodied energy which is offered as an alternative to standard
GNP analysis. The model is used to study development options, with a spe-
cial focus on the potential for transition to a solar-based economy.7 Slesser
uses the term natural capital accounting to distinguish this methodology
from the more conservative approaches which have been developed by
economists for resource accounting.

Georgescu-Roegen, as we have already seen, criticizes energetic models
on the ground that “matter matters too,” and cannot be subsumed in a sin-
gle energy measure. A measure such as Slesser and King’s undoubtedly
focuses attention on the essential role of energy supplies in expanding car-
rying capacity; but perhaps we should bear in mind the criticisms of ener-
getics, as well as Norgaard’s call for pluralism, and regard such work as pro-
viding one measure, rather than the best or only measure, of economic
activity.

Glenn-Marie Lange and Faye Duchin are skeptical about the value of
environmentally adjusted national income measures for different reasons.
In their view, there are too many methodological barriers to the construc-
tion of a single “alternative” measure, and the one-dimensionality of any
such measure fails to capture the complex requirements of true sustainabil-
ity. They propose instead the use of satellite accounts covering environment
and resource data for different economic sectors. There is already practical
experience with the compilation of such accounts in a number of countries.
Lange and Duchin feel that they are better suited to policy analysis and
development planning than any single measure. This is likely to prove true;
but one criticism of the satellite approach might be that it leaves GDP mea-
sures, with all their distortions and internal contradictions, unaffected.

The longest and most successful experience with satellite national
resource accounts has been that of Norway. Lange and Duchin cite the use
of the Norwegian accounts in formulating energy, environmental, and land
use policies. However, when we move to developing nations, data limita-
tions are a major constraint on the construction and use of such accounts.
For Botswana, preliminary accounts for important natural resource sectors
have been compiled, but they are not yet available for other African coun-
tries. In general, the urgency of the need to address a particular policy
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problem, such as rangeland degradation, must be balanced against the costs
of data collection. This is no small issue for a poor nation like Botswana.
Unless significant resources are made available internationally for this spe-
cific purpose, policy formulation in developing nations will likely be
severely hampered by lack of the necessary resource accounts.

Several of the articles summarized here address more specific problems of
valuation and discounting in areas involving resource and environmental
policy. Markandya and Pearce deal with the issue of discounting, pointing
out the (probably insuperable) theoretical problems in selecting a single
discount rate. They acknowledge that present social discount rates under-
value the interests of future generations and undercut environmental sus-
tainability. Similarly, the standard economic approaches to risk and uncer-
tainty (adding a risk premium to discount rates) may be inappropriate in
evaluating the possibility of irreversible and catastrophic environmental
damage. But rather than attempting to adjust discount rates, Markandya
and Pearce favor imposing a sustainability constraint while continuing to
use standard discounting for analysis of resource allocation.

Norgaard’s article “Economic Indicators of Resource Scarcity: A Critical
Essay” makes the point that market prices do not reflect real resource
scarcity but rather the subjective judgments of resource allocators as to the
existence of scarcity. This can be related to the discounting controversy.
Current market participants typically give insufficient weight to damages
inflicted on future generations; present known profits from resource
exploitation are more attractive than uncertain future profits from resource
conservation. Most economists, however, assume that current market
prices accurately reflect resource values, and they regard any modification
of market prices as the imposition of a value judgment. In fact, the value
judgment that consumption today takes precedence over sustainability has
already been imposed by resource allocators, and it is embodied in market
price structures, as well as discount rates.

The standard economic techniques of cost–benefit analysis and contin-
gent valuation are reviewed in Per-Olov Johansson’s article and are sub-
jected to a sweeping critique in the articles by Sagoff and by Funtowicz and
Ravetz. No doubt the money-value measurement of environmental damage
has its place, and the methods devised by economists for valuation (survey
research, travel costs, hedonic prices, etc.) are better than assigning an
implicit value of zero to “intangible” environmental factors. But as Sagoff
points out, there are serious pitfalls in assuming that market valuation can
be applied to the environment. Market valuation is based, in economic the-
ory, on individual utility. But utility is a notoriously slippery concept, not
susceptible to direct observation or measurement. If individuals can be
induced to state a valuation for an environmental “amenity,” it is question-
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able whether they would really be happier if paid that dollar sum in return
for destruction of the amenity. Sagoff cites the results of a Wyoming study
in which participants simply refused to place a dollar valuation on the envi-
ronment.

In a similar vein, Funtowicz and Ravetz argue that there are epistemo-
logical assumptions embodied in economic valuation which are simply
inappropriate for dealing with the complex ecosystems and ethical values at
the center of many environmental policy issues. Their prescription of a
“post-normal” scientific methodology is quite similar to Norgaard’s
methodological pluralism. The problem with standard economic methods,
in this view, is not any technical deficiency but rather the underlying
assumption that environmental considerations can be “scientifically” mea-
sured as money equivalents. If we adopt this view, then any numerically pre-
cise measure of GNP/GDP looks suspect.

A different perspective on income accounting has been proposed by
Bruce Hannon. Rather than revising or substituting for GNP measures, he
suggests a contrasting measure of ecosystem health—the “gross ecosystem
product” or GEP.8 The GEP is distinguished from GNP in that it can grow
only up to an inherent limit. Further, GEP competes with GNP in the sense
that increased economic output (at least using present fossil-fuel–based
techniques) tends to lower GEP. The suggested goal, therefore, is to reform
production techniques to make GNP and GEP more compatible—a
process which clearly implies an upper limit to GNP growth as well. Han-
non’s approach, based as it is in ecological rather than economic analysis,
will doubtless be uncongenial to economists, but it clearly harks back to the
fundamental proposition of ecological economics presented by Robert
Goodland in Part I—that ecological limits must govern the future course
of economic development.

Here we return to the essential theme of ecological economics: we can-
not separate economic activity from its relation to the biosphere. A “purely
economic” measure turns out to be inconsistent even on its own terms
(specifically in the treatment of depreciation and defensive expenditures).
Yet once we try to correct for these deficiencies, we are drawn into an
expanding set of measurement and valuation problems and normative judg-
ments. All the authors summarized here are grappling with aspects of this
problem. Perhaps the most significant implication of this discussion, as
Salah El Serafy has pointed out,9 is for macroeconomic policy making. Fis-
cal and monetary policy, public finance, and trade policy will all be affected
by our measurement and perception of GNP/GDP and national invest-
ment. For this reason, it seems imperative to press on with the development
of alternative measures of “green” GDP despite the methodological prob-
lems.
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One general conclusion can certainly be drawn: the widely accepted focus
on GNP growth as a goal of economic policy must be questioned. Instead,
perhaps we should be asking the question of how full employment and ful-
filling lives for a nation’s people can be achieved without GNP growth, or
with a modified and “lower” growth rate. This formulation of the issue has
very different implications for developed and developing nations; we deal
with aspects of this dichotomy in Part VI.
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Summary of

Environmental and Resource Accounting: An Overview
by Salah El Serafy and Ernst Lutz

(published in Environmental Accounting for Sustainable Development, 
eds. Yusuf J. Ahmad, Salah El Serafy, and Ernst Lutz 
(Washington, D.C.: The World Bank, 1989), 1–7.1)

(This summary is based primarily on the overview chapter of a volume of papers 
selected from a series of workshops sponsored jointly by the World Bank and the 
United Nations Environmental Programme, although it also draws on some 

of the individual papers in the volume to clarify particular issues.)

Present levels of population and economic growth put increasing pres-
sure on the environment and natural resource base. Under these circum-
stances, there is little justification for economists’ neglect of the role of the
environment as a resource base and a sink for wastes. Economists have been
treating the side effects of production and consumption activities on the
environment as externalities. However, since someone must pay the costs
of these externalities, the true costs of all activities should be internalized,
and income generation should be clearly differentiated from the depletion
and degradation of natural resources.

Shortcomings of the Current National Income Measures

Income accounting measures such as GNP, GDP, and net national product
(NNP) are useful to economists and development planners as indicators of
short- to medium-term changes in the level of economic activity and as
tools for stabilization and demand management policy. However, these
measures fail as indicators of long-term sustainable growth or welfare, and
policies based on these figures could be faulty. While a number of short-
comings of national income accounting have been pointed out in the past,
this volume addresses shortcomings with respect to environmental and nat-
ural resource issues as they relate to the proper measurement of income and
variation in assets.

The Necessity of Measuring Sustainable Income

Income is sustainable by definition: if it cannot be sustained, then it is
wrongly estimated. Sustainable income may be perceived as the amount
that can be consumed in a given period without reducing possible con-
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sumption in a future period. “Sustainable” income is analogous to Hicks’
concept of income: “we ought to define a man’s income as the maximum
value which he can consume during a week, and still expect to be as well
off at the end of the week as he was at the beginning.”2

To arrive at “sustainable” income, two adjustments need to be made to
the conventionally calculated NNP. These are subtractions for defensive
expenditures (DE) and for depletion and degradation of natural capital
(DNC). These adjustments would yield the sustainable social net national
product (SSNNP), i.e., SSNNP = NNP – DE – DNC.

Defensive Expenditures

Production and consumption result in unwanted side effects such as pollu-
tion, thus necessitating clean-up activities to counter these effects. These
activities are called defensive expenditures. At present, the costs of defend-
ing the environment are treated as income generating, i.e., as final expen-
ditures, but such outlays should instead be counted as intermediate expen-
ditures. There are many proposals as to how this accounting can be done.3
Two problems encountered in adopting some of these proposals are the
lack of consensus on how natural capital should be treated conceptually,
and the problem of actually measuring the level of environmental services
and damages.

The Depletion and Degradation of Natural Resources

The present system of national accounts4 treats human-made assets differ-
ently from natural resource assets. The former are valued as productive
assets and their depreciation is written off against the value of production.
The depletion of natural resource assets may or may not be similarly treated
as depreciation in existing accounting systems. If privately owned, they may
be depreciated, but in a large number of cases the loss of natural assets
shows up as income in the accounts as they are being used for productive
or consumptive activities.

The underlying logic of treating the depletion of natural resource assets
as income and not depreciation is based on the implicit, though inappro-
priate, assumption that natural resources are abundant and have no mar-
ginal value with resource depletion and sale being treated as a means of pro-
moting economic growth. However, such growth can be illusory if it is not
recognized that the apparent increase in income is obtained at the cost of
a permanent reduction in wealth. One way to mitigate the wealth-reducing
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aspects of natural resource depletion is to direct part of the receipts from
the sale of natural resources into new productive investments. Proper
income accounting would aid policy makers in bringing about this redirec-
tion.

Two approaches have been proposed to deal with the depletion of nat-
ural resources: the depreciation approach and the user cost approach. The
depreciation approach is straightforward and similar to the method of
depreciating human-made capital. The effects of the depreciation approach
on the present System of National Accounts (SNA) would be to leave GDP
unchanged but to eliminate the entire proceeds from the sale of natural
resources from the NNP. In effect, the depreciation approach does not cap-
ture the income advantage that accrues to the possessor of a natural
resource compared to those who have no such possession. This outcome is
unsatisfactory, so the user cost approach has been proposed.

The user cost approach splits the revenue from the sales of a depletable
resource into a capital element (the user cost) and a value-added element.
The user cost represents asset erosion, which should be hypothetically or
actually reinvested in alternate assets so that it generates income after the

depletable resource has been totally exhausted. The ratio of true income
(X) to receipts net of extraction costs (R) is given by the formula
where n is the number of years over which the resource will be depleted,
and r is the discount rate, both of which are exogenous and should be
determined independently. R – X would be the user cost that should be set
aside for capital investment and excluded from GDP. The formula does not
indicate an optimal rate of depletion.

Other Issues

The present SNA does not contain an explicit environmental dimension, so
some economists and environmentalists advocate a system of environmen-
tal accounts independent of the present SNA. It is argued that accounts
should be in physical (as opposed to monetized) terms. The advantage of
accounts in physical terms is that one will get a sense of the direction and
rate of change in the quantity and quality of resources. These physical
accounts can be constructed as satellite accounts around the present SNA.
To the extent possible, these satellite accounts should be “monetized” and

X = 1 – 1
R (1 + r)n+1
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combined with standard GDP and NDP measures to provide an estimate
of sustainable GDP/NDP. It is hoped that eventually empirical and con-
ceptual work will lead to an SNA that can be constructed without the inter-
mediate step of satellite accounts.
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Summary of

Three Dilemmas of Environmental Accounting
by Richard B. Norgaard

[Published in Ecological Economics 1 (December 1989): 303–314. Reprinted 
with kind permission from Elsevier Science, B.V., Amsterdam, The Netherlands.]

The present system of national accounts (SNA) is an inconsistent mea-
sure of the values of environmental systems and their role in the economy.
This article argues that it is not possible to rectify these inconsistencies by
strictly rational arguments because of three logically irresolvable dilemmas.

Background

For over three-and-a-half decades it has been recognized that national in-
come accounts do not capture the services of the environment and its
resources. Over the years, many international organizations have attempted
to build environmental data bases and to incorporate environmental vari-
ables into their analyses along with information provided by SNAs. Two
broad groups emerged from this exercise. Economists (Keynesians and
neoclassicists) argued that SNAs were basically sound and only needed to
be improved. Others argued that economic and environmental accounting
should be independent, with linkages to account for economic–environ-
mental interactions. The former were interested in developing a measure of
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how economies perform, while the latter were interested in redirecting
economies toward sustainable development.

Inconsistent SNA Dilemma

If SNAs were rationally designed from an understanding of a logically con-
sistent economic theory, and the variables excluded from SNAs were inde-
pendent from those that were included, then adding the excluded environ-
mental variables to the present SNAs would solve the problem. However,
two dilemmas can be identified with respect to this approach.

The first barrier is that SNAs are not consistent with economic theory,
and this is true for two reasons. First, there is no consistent theory of eco-
nomics applicable to SNA development; present SNAs are only a product
of historical necessities to meet the tax collectors’ needs. Aggregation of
data is based on neoclassical market theory, while key indicators have been
based on the Keynesian macro-model. A consistent set of extensions from
this inconsistent basis is impossible. Second, neoclassical theory suggests
rules rather than measures of welfare by adopting an “if-then” set of pro-
cedures. Such procedures are used in aggregation and in making adjust-
ments for price changes. However, in reality the “ifs” are rarely met and
often forgotten by SNA users. Environmental accounting issues challenge
many of the conventions adopted by SNA design.

Value–Aggregation Dilemma

The second barrier arises from the fact that the present aggregation of het-
erogeneous economic products is achieved by summing their market values
in monetary terms. Economists have developed techniques for estimating
the monetary value of resources and environmental services, and they argue
that these values can be obtained by knowing peoples’ willingness to pay
for environmental services; if people are not willing to pay, then the service
has a low value. Environmentalists counter that ethical issues (e.g., the need
to protect other species) should be considered; sustainability should there-
fore be a constraint, or at least an objective, in the development process.
Thus two different philosophical views are in opposition—one contending
that social values are the sum of individual values only, and the other claim-
ing that society has its own values. Current economic indicators are based
on the first view, and to a considerable extent public policy is based on the
second. The problem is that if public policy seeks a more sustainable devel-
opment framework, it cannot use environmental valuations based on



choices of individuals within an economy that is less sustainable than
desired. It has been argued that the difference in valuation with and with-
out policy change will be very small, but if significant departure from the
current path is called for this will not be true. The issue, therefore, is
whether the required policy changes are small or significant. A similar prob-
lem exists with respect to using market values to estimate the value of non-
market goods and services. If non-market goods and services are only a
small portion of the total economy, then market valuations would suffice,
but if not, market valuations would be inappropriate.

The problem of selecting weights for valuation and aggregation is called
the value–aggregation dilemma. The point is that weights must be used
regardless of which system of value aggregation is selected, so the dilemma
cannot be avoided.

Bounded Knowledge–Synthesis Dilemma

Policy makers want to know how an economy has performed, where it is
headed, and how it can be improved, and for this they need a model of
cause and effect. However, SNAs only give current indications, they do not
indicate where economies are headed. Moreover, the selection of indicators
is based on the economic models being used. This selection should be
based on models of economic–environmental interaction.

The third dilemma arises, however, from the fact that there is not and can
not be one single model of economic–environmental interactions to pro-
vide planners with a consistent set of indicators. Each specific model sim-
plifies reality by bounding the field of inquiry, and science does not have a
single “meta” model for synthesizing the many bounded-knowledge mod-
els that exist. Moreover, the preferred methodology for synthesizing will
often depend on one’s understanding of a particular problem or familiarity
with a particular methodology. Thus, while a synthesis is necessary to pro-
vide consistent, useful information to planners, we must conclude that,
based on the bounded knowledge–synthesis dilemma, there can be no sin-
gle correct way to improve SNAs.

Positively Reinterpreting the Three Dilemmas

The above dilemmas suggest that something must be done to make eco-
nomic and environmental systems compatible. It is best that economists
and environmentalists acknowledge, rather than ignore, the differences in
their models and lay out as many scenarios as possible for policy makers.
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From these differences, theory and measurement must co-evolve. A plural-
istic approach using multiple methodologies is more likely to represent dif-
fering interests and indicate Pareto optimal solutions. By a process of learn-
ing by doing and sharing experiences, best methods—which themselves will
change over time—can be obtained.

Summary of

Correcting National Income for Environmental Losses:
A Practical Solution for a Theoretical Dilemma

by Roefie Hueting
[Published in Ecological Economics: The Science and Management of Sustainability, ed.

Robert Costanza (New York: Columbia University Press, 1991), 194–213.]

The Interaction between the Environment and Production:
The Urgency of Correction

With some exceptions, economists and policy makers the world over regard
the expansion of physical output—i.e., production growth—as the measure
of economic progress and success, and as an indicator of increasing welfare
as well. Growth is therefore at the top of economic policy makers’ agendas.
However, growth is accompanied by the destruction of the most funda-
mental, scarce, and valuable resource at mankind’s disposal, and the very
resource upon which growth depends: the environment. Yet the role of
scarce environmental resources is virtually ignored in economics, and the
systems of national accounts (SNAs) focus on growth alone, failing to
account for the often irretrievable use of these resources in production
processes. Three conclusions can be drawn from these observations: 
(1) society is sailing by the wrong compass at the expense of the environ-

ment; 
(2) this error is covered up by using terms incorrectly; and 
(3) the belief in continuous exponential growth, as measured in national

income, is at the heart of the environmental problem. 
This article examines the sorts of information that ought to be incorpo-

rated into SNAs to properly account for environmental losses due to dam-
age or use, and it discusses the practical problems associated with efforts
aimed at valuation of environmental functions.
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The current terminology regarding the concepts of growth and welfare
reflects the strong belief that society is in good shape economically only
when real production, as measured in GNP accounts, is increasing. The
notion that growth is necessary to create support for financing the conser-
vation of the environment—highly popular among economic and environ-
mental policy makers—stems from this belief. This proposition is dubious,
however, because environmental deterioration is in fact a consequence of
the expansion of output. The growth that has occurred in the North has
required a loss of scarce environmental goods that has not been taken into
account. The minimum growth rate of 3% per annum globally advocated in
official development policy is harmful to the environment in terms of both
the resources it depletes and the waste it generates.

Reducing these burdens on society could be achieved in two ways: by
introducing environment-saving measures into our current patterns of pro-
duction and consumption, or by directly changing those patterns. The first
method, which would involve changing the processes of production, results
in higher prices and thus reduces the growth of national income. However,
technological measures often will not solve the problem, either because
increases in total production override the beneficial effects of the measure,
or because, due to the cumulative character of the burden, the measure may
succeed only in slowing down the rate of deterioration. Thus technology
alone will not be sufficient to address these problems; a shift in behavior
patterns is needed as well. Like process changes, changes in production and
consumption patterns will also result in slower GNP growth. For example,
purchasing a bicycle instead of an automobile, or reducing one’s energy
use, will result in a decline in GNP. However, assuming that we value bicy-
cles, etc., and the ensuing environmental quality and a sustainable future,
more than cars, etc., and the subsequent destruction and depletion of envi-
ronment and resources, such shifts in the patterns of production and con-
sumption would increase our welfare.

Two conclusions can be drawn from the foregoing discussion: 
(1) stimulating GNP growth in industrialized countries will not solve the

problems of the developing countries; and 
(2) GNP growth and safeguarding the environment and resources are

conflicting ends. 

The extent of the environmental crisis we confront mandates a shift in
our priorities from promoting growth to saving the environment. This real-
ity does not necessitate a cessation of all growth; rather, it mandates a shift
to patterns of production and consumption that are sustainable, which may
still allow for increases in production.
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The Unsolvable Problem of Shadow Prices for 
Environmental Functions

It follows from the above discussion that the environment is constantly put
at risk by these misperceptions regarding growth and welfare, which lead to
economic policies that stress increasing production as measured in the
SNA. Therefore a correction in the national accounting system to include
resource use and environmental destruction is necessary; but two problems
make this correction difficult. First, the environment needs to be defined in
a manageable way, with the link explicitly made between the environment
and economics. In an economic approach, the environment can best be
described as the physical surroundings of humans on which they are
entirely dependent for all economic activities. The environment serves a
number of economic functions, and these functions may come into conflict
with one another if the use of one function inhibits the use of another. The
environment takes on an economic aspect when competition arises for the
use of functions, since competing functions are then scarce goods, and
losses of function are costs, irrespective of whether they are expressed in
money terms or whether actual markets exist. Qualitative competition arises
when additions (wastes) and subtractions (species and habitat extinction)
occur that compromise other potential uses of the environmental resource.
Quantitative or spatial competition arises when the quantity of matter or
space fall short of satisfying existing wants.

The second problem concerns the construction of shadow prices for
environmental functions. To address the problems of environmental
losses, it is necessary to construct these shadow prices in terms that are
comparable to the market prices used in national income accounts. For
this, demand and supply curves must be constructed. The supply curve
can, in principle, be constructed by estimating the costs of the measures
necessary to prevent environmental damage; this curve is referred to as the
elimination cost curve. However, constructing a complete demand curve
is difficult because the intensity of individual preferences for environmen-
tal functions cannot be expressed in market behavior or translated into
market terms. This is further complicated by the fact that the conse-
quences of today’s actions will often only be manifest in future damage.
Some efforts to resolve this difficulty have included asking people to esti-
mate how much they would be willing to pay to conserve environmental
functions, or how much function they are willing to lose over time. How-
ever, it is doubtful that this method will enable researchers to derive a
complete demand curve. Therefore, the construction of theoretically
sound shadow prices, necessary for the correction of national income
accounts, is not really possible.
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What Can Be Done Immediately?

There are a number of objections to equating levels of production with
measures of social welfare. One category of objections has to do with a
series of technical and theoretical difficulties with estimating and identify-
ing the variables used in the accounting process. A second category relates
to a number of expenditures currently treated as final goods and services
which are, in fact, intermediate costs. Simon Kuznets emphasizes three par-
ticular classes of such expenditures: 
(1) the numerous services designed to offset the disadvantages of intense

urbanization; 
(2) the myriad services associated with living in a technologically and

financially complex civilization (e.g., banks, unions, brokerage houses,
etc.); and 

(3) a major part of government activity, including legislative, legal, and
defense activities designed to facilitate the functioning of the system. 

A fourth class can also be added that includes expenditures designed to
offset the losses of environmental functions. All of these should be made
intermediate entries in the SNAs; doing so would lower estimates of GNP.

A third category of objections relates to those elements of our welfare
that are not directly related to production, such as leisure, employment,
working conditions, income distribution, the quality of the general envi-
ronment, and future environmental security. All of these factors play a part
in economic actions and must be weighed against one another when one
comes at the expense of one or more of the others. Thus, there is no sin-
gle common denominator for evaluating social welfare. From this perspec-
tive, policies that result in less output may actually enhance social welfare if,
at the margin, the environment is given greater weight than output.

A Practical Solution

While correcting for double-counting of intermediate services is conceptu-
ally straightforward, indicating environmental costs in monetary terms is
more problematic. A practical solution depends on defining a physical stan-
dard for sustainable use of resources and identifying the measures necessary
to meet it. Estimates can then be made of both the deviation from this
standard at current GNP levels and of the cost of achieving the standard
through either remedial activity or direct shifts from burdening to environ-
mentally benign activities. For example, soil erosion above replacement
rates can be measured, and the cost of soil restoration efforts can be esti-
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mated. This gives a monetary figure for the necessary GNP adjustment. For
nonrenewable resources, the appropriate figure would be an estimate of the
costs of introducing an alternative source, such as solar energy. For irre-
versible losses such as extinctions, an arbitrary value must be assigned.

Summary of

GNP and Market Prices: 
Wrong Signals for Sustainable Economic Success 

That Mask Environmental Destruction
by Jan Tinbergen and Roefie Hueting

[Published in Population, Technology, and Lifestyle: The Transition to Sustainability,
eds. Robert Goodland, Herman E. Daly, and Salah El Serafy (Washington, D.C. 
and Covelo, California: Island Press, 1992), 52–62. © 1992 The International 

Bank for Reconstruction and Development and UNESCO]

Consumer preferences dictate the goods and services that are generated
in a market system. The market works efficiently and stimulates productiv-
ity, enhancing the quantity, quality, and diversity of goods available to the
consumer. The national income accounts were devised in the 1930s to
measure the level of production and its change from year to year. While
economic policy over the last forty-five years has been directed toward
increasing the growth of national income, there are a number of problems
with this measure as an indicator of human welfare. The increase in pro-
duction of human-made goods and services has resulted in widespread
environmental destruction, leading to a number of natural disasters that
threaten the living conditions of future generations.

The Relationship between Growth and Environmental
Destruction

The three factors that determine the burden of increasing production on
the environment are the population level, the per capita activity, and the
nature of the activity. An analysis of the Dutch national accounts shows that
the more burdensome an activity is for the environment, the greater is its
contribution to GNP. This result is probably true for all industrialized
countries. Thirty percent of activities account for 70% of the growth, and
production and consumption in these activities harm the environment the
most. These activities include oil, petrochemical, and metal industries, agri-
culture, public utilities, road building, transport, and mining.
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The adoption of all available technical measures, including end-of-pipe
treatment, process-integrated changes, recycling, increasing energy effi-
ciency, terracing agricultural slopes and sustainably managing forests, is
necessary to save the environment and maintain current lifestyles as much
as possible. These measures require an increase in labor input and will
therefore result in a decrease in labor productivity and an increase in prod-
uct prices. However, although these measures will check the growth of
GNP, unemployed workers will be absorbed into the economy.

Due to price changes, the adoption of these technical measures may
result in changes in consumption activities toward environmentally benign
activities, but in some cases additional changes may be required. For exam-
ple, in a number of cases technical measures will not solve the problem but
rather will only help retard the rate of deterioration. In other cases no tech-
nical measure may be available. Therefore, in addition to technical mea-
sures, behavior patterns must be influenced by rules, incentives, and taxes.
A shift in production and consumption activities toward environmentally
benign activities (e.g., cycling instead of using cars) will check the growth
of GNP. Saving the environment will therefore lead to lower levels of
national income, but this reduction in GNP should not upset policy mak-
ers, since present GNP estimates do not account for environmental losses
that result from production and consumption.

Correction of National Income Based on Sustainable Use of
the Environment

Humans are dependent on the environment, which provides a number of
functions. Loss of function occurs when the use of one function by an activ-
ity is at the expense of the use of a function by another activity. When the
use of one function comes wholly or partially at the sacrifice of another
function, then environmental functions are scarce goods.

Shadow prices for environmental functions must be estimated to make
them comparable to the prices of human-made, marketed goods; this can
be done by constructing supply and demand curves for environmental
goods. Supply curves can be constructed by estimating the costs of mea-
sures that eliminate the burdens on the environment, arranged in order of
increasing costs per unit of burden avoided. Constructing demand curves
is more difficult, since preferences for environmental functions are rarely
manifested via market behavior. However, since the publication of the
Brundtland Report in 1987, preferences have been voiced by society in
favor of sustainable environments, which opens the possibility of using
standards for the sustainable use of environmental functions as a basis for
these demand curve calculations.
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Therefore, one way to correct GNP for environmental losses is to start
by defining the physical standards needed to maintain the sustainable use
of environmental functions, and then to identify measures for meeting
these standards. The difference in GNP between systems that do and those
that do not apply these measures will indicate, in monetary terms, how far
society has drifted from sustainable use of the environment. This method
can also be used to do cost–benefit analyses of projects with long-term
environmental effects.

Our Debt to Future Generations

Based on energy use and the resulting CO2 emissions, we can calculate a
rough estimate of the debt owed to future generations and how it can be
paid off. One approach to sustainability could be to keep the rate of con-
sumption of fuels, expressed as a percentage of known reserves, equal to the
rate of increase in the efficiency of energy use. This implies that sustainable
use of fuels requires that goods be produced and consumed with ever
smaller amounts of energy. For example, calculations show that in 315
years, today’s output must be produced with only 0.5% of today’s energy
use if we are to achieve sustainability. It is therefore important that new
technologies such as flow (solar) energy be developed. In addition, to avoid
greenhouse effects world output should be reduced by half. Resources
should be directed toward the generation of substitutes and the develop-
ment of technologies to improve recycling, and population growth should
be reversed.

Summary of

A Survey of Resource and Environmental 
Accounting in Industrialized Countries

by Henry M. Peskin with Ernst Lutz
[Published as Toward Improved Accounting for the Environment, ed. Ernst Lutz

(Washington, D.C.: World Bank, 1993).]

Current systems of national accounts (SNAs) reflect environmental and
natural resource changes either poorly or not at all. The existing framework
thus generates estimates of growth, income, and well-being that may be
neither accurate nor sustainable. Developing countries’ economies tend to
be more resource based and to have more severe environmental problems.
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As a consequence, traditional SNA methods will provide an even less accu-
rate reflection of environmental realities than is the case in the industrial-
ized countries. A number of industrialized countries are exploring various
methods to incorporate environmental and natural resource data into their
SNAs. This article surveys some of the proposals and problems of these
efforts, in the hopes that they may contain lessons for similar efforts in the
developing countries. Indications are given of which countries currently use
each method.

Modifying the Accounts to Include Resources and the
Environment: Alternative Approaches

In approaching the problem of altering SNAs, we must bear in mind the
fact that these accounts serve the dual purpose of providing both a frame-
work for compiling macroeconomic data and a measure of economic well-
being and performance. Attempts to incorporate environmental and nat-
ural resource data are complicated by the fact that no standard definition of
national environmental and resource accounting exists. In addition, many
of the methodologies surveyed here have not been adopted as standard
practice by their respective countries. The following systems are ordered
progressively from those that require relatively modest adjustments in
SNAs to those that would involve major restructuring of these accounts.

(1) Identification and Reclassification of Environmental Expenditures:
This approach proposes reclassification of expenditures on pollution
abatement—currently accounted as final demands—to treat them as
intermediate inputs, thereby subtracting them from GNP. Closely
related to this suggestion is the idea of identifying all “defensive” con-
sumption expenditures whose sole purpose is to ameliorate the ill
effects of pollution—for example, water filters, face masks used in
Tokyo, etc.—and deducting them from GNP as well. These data on
both environmental damage and defensive outlays can be useful even
if they are not used to adjust the final aggregates. (France, Japan,
Netherlands, Germany, and the United States)

(2) Physical Resource Accounting Approaches: In this approach there are a
set of satellite accounts (prepared utilizing an input–output format)
that describe the flows of resources, materials (including pollutants),
and energy that underlie any economic activity. These accounts could
show depletions of resource stocks, additions to the resource base
(through growth or discovery), contribution of resources to output,
and the flow of pollutants from various industries. There are two types
of physical accounts: a “stock account” indicates initial stocks, any
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additions and subtractions, and the final stocks of key natural
resources; and a “pollutant account” typically describes air and water
pollution generation by polluting source. However, since these types
of accounts avoid valuation of stocks in monetary terms, it is difficult
to use them to adjust the economic indicators found in most SNAs.
Moreover, if they are to be comprehensive, the data can be very
unwieldy and difficult to aggregate. (France and Norway)

(3) Depreciation of Marketed Natural Resources: The focus here is on the
failure of SNAs to depreciate environmental and natural resource assets
as the economy expands. This approach generally emphasizes “mater-
ial resources,” in particular those resources that contribute directly to
GNP (e.g., timber or oil) or that closely contribute to the making of a
marketed product (e.g., topsoil). This approach is particularly relevant
for resource-based developing economies where resource problems
may be more important than environmental problems. (Indonesia,
Costa Rica, China, and the Repetto framework)

(4) Full Environmental and Natural Resource Accounts with Valuation:
This approach is the most ambitious, since its intent is to incorporate
all of the elements of physical resource accounting and to assign mon-
etary values to all physical entries. Thus an attempt is made to assign
market values both for environmental and resource contributions to
economic activity as well as for losses in welfare due to environmental
and natural resource degradation. The Dutch and the United Nations
Statistical Office (UNSO) estimate the losses by calculating the cost to
repair the damage, but this approach does not provide for evaluation
of the efficiency of the policy. Peskin adopts a neoclassical framework
in which benefit–cost calculations are based on estimates of willing-
ness-to-pay to gain environmental benefits or to avoid costs. In prac-
tice, these estimates are derived from several environmental
benefit–cost approximation methods. (Netherlands, UNSO, and the
Peskin framework)

Implementation Considerations

All of these approaches encounter implementation problems.

(1) Difficulties in Estimating Pollution-Control Expenditures: Costs may
be difficult to identify because either they are not discrete or they are
not identified as such in corporate accounts. Since this information is
acquired through surveys, nonresponsiveness is also a problem.
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Reliance upon theoretical engineering estimates of pollution abate-
ment costs may also present problems of accuracy.

(2) Difficulties with Physical Accounting: There are enormous practical
problems in assembling data on stocks and flows of resources, and on
their contributions to output and environmental degradation. The lack
of a common monetary unit creates aggregation problems, as does the
difficulty in identifying a single appropriate alternative (non-monetary)
unit of measurement.

(3) Difficulties in Estimating Natural Resource and Environmental Depre-
ciation: Most criticisms of this approach have centered on the depreci-
ation calculation, which is derived from multiplying the reduction in
the resource stock by the difference between the market price of a
good and the cost of extraction. The resulting figure is only an approx-
imation of depreciation and does not, for example, take into consider-
ation profits that are reinvested in welfare enhancing ways. We must
distinguish carefully between the depletion of a natural asset and its
loss of economic value. Over-reliance on market valuation may under-
estimate the value of an asset; for example, a forest may be worth more
than the sum of its trees.

(4) Difficulties with Valuation in Estimating Environmental and Natural
Resource Accounts: In addition to the problems with assessing physical
stocks and flows and assigning value to them as cited above, there are
also difficulties in estimating monetary values for services generated by
environmental assets and for damages arising from consumption of
these services. In particular, the willingness-to-pay concept is subjec-
tive and tends to favor the rich over the poor.

Implications for Developing Countries

It is difficult to deduce clear lessons for the developing countries, as most
of these accounting programs are in the early stages of development. Those
that have been in use for some time are also the least ambitious. We do not
conclude from this, however, that simpler is better. A simple, inexpensive
data system that fails to facilitate the policy process is no bargain. On the
other hand, a system that exceeds the collection capacity of a developing
country is not effective either. The particular system developed in each
instance must reflect the policy goals and the resources a nation is willing
to devote to the process. Thus a system that succeeds or fails in an indus-
trialized country may or may not inform the efforts to transform SNAs in
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a given developing country. The logistical problems encountered in imple-
mentation do provide lessons to assist developing countries in their own
research efforts. Given the severity of environmental and natural resource
problems in these countries, a productive strategy for them would be to ini-
tiate their own low-cost pilot programs now.

Summary of

Toward an Exact Human Ecology
by Malcolm Slesser

[Published in Toward A More Exact Ecology, eds. P.J. Grubb and J.B. Whittaker
(Oxford, England and Cambridge, Massachusetts: Blackwell Books, 1989), 423–436.

Summarized by permission of Blackwell Scientific Publications, Inc.]

The science of ecology entails an examination of nature in all its inter-
connected complexity. Human ecology, on the other hand, has a strong
anthropocentric emphasis and is concerned more directly with mankind’s
interaction with the natural system. It is an integrative approach for look-
ing at the world’s economic system and the natural environment upon
which it depends in the context of sustainability. Human ecology holds that
one cannot understand either the economy or the environment without
assessing the impact of each upon the other. A problem for analyses that
link resource-based economic, environmental, and ecological considera-
tions is the absence of a common numeraire. However, a procedure called
natural capital accounting (NCA)1 has been used to model an economy
using an embodied energy numeraire.

Finding a Numeraire

In everyday life, our activities are quantified and interrelated in monetary
terms; this has given rise to a set of conventions called “accounting prac-
tice” and is the numeraire of economics. In both of these, the monetary
numeraire is used as a measure of value and as a reflection of preferences.
In those spheres where a clear monetary valuation may be absent, such as
many environmental resources or the value of goods and resources in the
future, the standard response of the economics profession has been to uti-
lize cost–benefit analysis. This is a sophisticated but highly subjective
process whose outcome relies upon setting a discount rate and attaching
value to those goods for which no market exists.
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Development planning calls for estimates of how future choices will be
made and valued. Thus forecasts based on cost–benefit analyses face con-
siderable uncertainty, and they have been notoriously inaccurate. One con-
sequence of this is a growing distrust of economic models as a guide to
development planning, leading to a trend away from their use. This shift is
serious, since it implies the replacement of an explicit statement of one’s
assumptions with hunches, prejudice, and guesswork.

A means is needed for considering both the set of feasible options that
are determined by the physical aspects of the system and how each interacts
with the environment. This requires a common numeraire, and it is pro-
posed here that embodied energy be used rather than money. All transfor-
mations require energy, which must be available at the moment of use;
there is no possibility of credit, and there is no substitute for energy. It is
therefore desirable to make a model of the economy in which the flows of
capital and conversions of raw materials are expressed in terms of their
embodied energy.

Resource Accounting

The distinction between NCA and economic analysis is essentially one of
numeraire. Money as a reflection of value subsumes all human inputs to
production. NCA, which reflects energy, subsumes only the work (in a
thermodynamic sense) done. With few exceptions, physical resources are so
abundant in the earth’s crust as to be virtually inexhaustible, provided
energy and capital are available. Resources may be used, but they are never
used up. However, access to them may become increasingly costly in energy
terms. It is therefore clear that a flow of energy must be sustained if a given
standard of living is to be maintained.

It is possible to network back all of the inputs to a production process
and show that each is traceable to the twin actions of prior energy and labor
use. These two inputs are in turn the only inputs that are irretrievably dis-
sipated in production processes. Capital inputs are themselves the product
of a previous process of manufacture and of dissipated energy. Similar rea-
soning can apply to all other inputs, including the life support systems for
labor, with the result that energy is the only resource that is irretrievably
dissipated. Economists contend that this argument amounts to an energy
theory of value, but it is not exactly that. It is an embodied energy theory
of production. Thus the dissipation of energy in the production process is
a measure of the nonrenewable resource consumption of all economic
activities, and it enables us to compare any action or policy that has a phys-
ical resource implication. Every economic activity thus becomes a sink for
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energy, and energy drives the economy rather than circulating the way
money does. The procedures for evaluating economic activities in these
terms are well established and are known as “energy analysis.”

Application of NCA

Since all economic activity subsumes energy and is quantifiable, one may
choose to model the development of an economic system in embodied
energy terms. A common objection to this is that energy cannot be used as
an allocation system since people do not make their decisions based on the
differing energy inputs of economic alternatives. However, that is not its
purpose, which is instead to quantify the long-term consequences of pres-
ent-day decisions. On the other hand, NCA has less to offer in short-term
decision making.

In NCA, a set of wants (demands) incur a demand for resources and
human-made (manufactured) capital. The evolution of the system is set by
the rate at which resources can be turned into human-made capital and
thus provide for wants and liberate additional physical resources. This is not
to say that wants or needs cannot be stipulated, or that there exists an
inevitable future. It merely expresses a set of constraints—for example, nat-
ural laws, resource endowments, climate, sociocultural attributes—that will
determine relationships and changes within the system. This is a more real-
istic view than the open-ended one implied by a purely economic approach,
and it enables planners to probe for an acceptable future.

The approach of using energy resources as a starting point makes NCA
suitable for studies of carrying capacity. Economic carrying capacity refers
to the number of people who can share a given territory and be supported
on a sustainable basis. Sustainability in the context of NCA can be defined
very precisely: “Economic growth depends on the growth of capital stock
(= embodied energy) to enable labor to provide enhanced output (= dissi-
pation of energy). If this is to be sustainable, then the rate of energy flow
(more precisely, flux) must always be maintained.”[433] Economic sus-
tainability, then, is a state in which the rate of growth of energy flow into
the economy is sufficient to harness the resources necessary to indefinitely
maintain or improve the standard of living of those within the system.

Assessment of these issues is carried out through simulation rather than
optimization models. NCA has been put to work through a dynamic sim-
ulation model called enhancement of carrying-capacity options (ECCO).
This model has been tested in a number of contexts, first in Kenya, and sub-
sequently in several Asian countries.2 In a validation modeling of the Uni-
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ted Kingdom from 1974–1984, ECCO was eight times better than other
conventional models in key areas. Among the uses of ECCO are studies to
explore the consequences of policies for food and energy self-sufficiency, as
well as assessments of the impact of population growth on the carrying
capacity of an area and the resulting welfare of future generations. Many
other policy options remain to be tested, and the potential for incorporat-
ing environmental factors has yet to be fully exploited.

Notes
1. In the original text the term used is “resource accounting.” This term is used

in an entirely different context by economists, and in later and current publications,
the term used is “natural capital accounting.”

2. Author’s note: Since this article was written, the model has also been tested in
the United Kingdom, European Community, Netherlands, and New Zealand.

Summary of

Energy Analysis and Economic Valuation
by Nicholas Georgescu-Roegen

[Published in Southern Economic Journal 45 (April 1979): 1023–1058.]

The “energetic” dogma refers to the view that only energy matters, and
the energy crisis of the 1970s has revived this view. This article argues that
it is not only energy that is important but that “matter matters, too.” 

The Energetic Dogma

There are different justifications for the energetic dogma. Fred Cottrell1
argues that net energy is all that mankind needs. Following Cottrell, H.T.
Odum2 defines efficiency in terms of net energy extraction: the greater the
net energy extracted, the more efficient the process. However, the question
should be extended to ask why efficiency should not be related to net mat-
ter as well? For example, copper is used in the production of copper, result-
ing in a positive amount of net copper. Moreover, copper mining results in
negative net energy, while energy production results in negative net matter.
The bias of energetics is in looking only at positive net energy as a criterion
of efficiency.
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Another justification for the energetics view is made in the 1957 book
The Next Hundred Years, by Harrison Brown, James Bonner, and John
Weir. They claim that any material can be obtained by increasing the energy
inflows to a system. This view has been extended by a number of writers
who argue that, with adequate energy, the complete recycling of matter is
possible.

The energetic view of the economic process in relation to the environ-
ment can be represented by a multiprocess matrix of flows and funds. This
economic process can be divided into five parts:
(1) producing “controlled” energy from in situ energy;
(2) producing capital goods;
(3) producing consumer goods;
(4) recycling material wastes from all processes into recycled matter; and
(5) supporting the population.

To test the energetic dogma, a stationary state must be considered in
which the only inflow to the economic process from the environment is
energy, i.e., there is no inflow of matter. The only outflow from the eco-
nomic process into the environment is dissipated (unavailable) energy. The
system reproduces itself, including the material funds that are a part of it:
capital, people, and land. The energetic model of the economic process
must therefore be a closed system, since only a closed system can exchange
only energy with its surroundings. The energetic view suggests that the
economic system can provide internal mechanical work at a constant rate as
long as there is a constant inflow of energy. However, this is impossible as
a result of the inevitable degradation of matter over time (a principle that
may be regarded as the Fourth Law of Thermodynamics).

The energetic view does not take into account that matter also continu-
ously degrades into unavailable forms. For example, friction leads to the
dissipation of both matter and energy. The energetic dogma instead claims
that the dissipation of matter can be reversed completely given enough
available energy.

Matter Matters, Too

Since complete recycling is impossible even in a steady state, there must be
an input of available matter into the economic process from the environ-
ment to compensate for matter that dissipates and becomes unavailable. For
example, if all of the iron produced in the United States between 1870 and
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1950 were still in use in 1950, there would have been 13.5 tons per capita
in use. However, in fact there was only half of this amount, the rest having
been dissipated due to oxidation, corrosion, and general wear. This dissi-
pation occurs for all forms of matter, and the flow of dissipated matter
increases with the size of the material stock.

Two separate accounts must therefore be maintained in accounting for
environmental transactions: one for matter and the other for energy. The
relationship between the economic process and the environment described
earlier must then be modified to include:
(1) an additional process that transforms matter in situ into controlled

matter;
(2) a new set of flows to account for dissipated matter that will be passed

into the environment; and
(3) a set of flows to account for “refuse” that flows into the environment.

Energy Analysis and Economics

The entropy law is the reason for economic scarcity; all commodities that
have any usefulness must consist of low entropy. However, all commodities
with low entropy are not necessarily useful. In spite of the role that entropy
plays in the economic process, it is wrong to think of this process as a set
of thermodynamic equations. There is no quantitative law that links the
amount of pleasure to the amount of low entropy consumed.

A number of writers have argued in favor of an energy theory of value.
This is surprising, as there is no consensus on how to measure energy val-
ues. An examination of either net energy or gross energy methods of eco-
nomic valuation shows that “in absolutely no situation is it possible for the
energy equivalents to represent economic valuations.” [1048]

Global Analysis and Economic Choice

The delivery of goods to the consumer requires both energy in situ and
matter in situ, so we must pay attention to the depletion of available mat-
ter. Given our present industrial system, in the long run matter will become
a greater constraint than energy. Furthermore, natural resource economic
choices cannot be reduced to physicochemical reactions, since matter and
energy cannot be transformed from one to the other. All economic choices
should therefore not be based on energy calculations alone. For example, if
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there are two technologies, one that results in more net energy and the
other in more net matter, then the appropriate choice is an economic, not
a technical, problem. If both the technologies result in the same net energy,
then the technology that results in more net matter should prevail.

Global Analysis and Technology Assessment

Solar energy is considered “free,” and this point is used to argue for tech-
nologies based on this source. However, one must be careful before accept-
ing such a claim. There is a difference between feasible technologies and
viable technologies. At present, solar energy is feasible, but not viable, due
to the material and energy requirements of producing solar collectors.
Clearly, attempts must be made to find viable solar energy techniques, but
solar energy should not be viewed as a panacea that can overcome the prob-
lems of resource limitations.

Notes
1. Fred Cotrell, Energy and Society (New York, McGraw-Hill, 1953).
2. Howard T. Odum, “Energy, Ecology, and Economics,” in Ambio 6, 220–227

(1973).

Summary of

Integrated Environmental–Economic Accounting,
Natural Resource Accounts, and Natural Resource

Management in Africa
by Glenn-Marie Lange and Faye Duchin

[Prepared as Technical Report No. 13 of Winrock International Environmental
Alliance for USAID Bureau for Africa, (May 1993): 1–73. Contact author at the

Institute for Economic Analysis at New York University for reprints.]

In the traditional approach to national income accounting, net domestic
product (NDP), which is defined as gross domestic product (GDP) minus
the value of produced capital used up in the course of production, has been
interpreted as a measure of sustainable income. However, because NDP
does not consider the maintenance of natural capital, it overestimates sus-
tainable income. Many aspects of natural capital are omitted from the tra-
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ditional accounts since they are not subject to market transactions. Natural
resource accounts (NRAs) are designed to rectify this problem. The design
of NRAs is still in a nascent stage and no conventional format has been
agreed upon, though the United Nation’s recently published handbook on
NRAs helps to rectify this situation. Nevertheless, two major categories can
be identified: summary NRA and management-oriented NRA. This article
discusses the conceptual and methodological problems associated with
these two categories of NRA and their application to policy issues. It argues
that management-oriented NRAs are more appropriate than summary
NRAs for the analysis of economic–environment interactions.

Summary National Resource Accounts

Summary NRAs attempt to calculate a single monetary value for all natural
resource use and environmental deterioration and then to subtract this
number from NDP to arrive at environmentally adjusted domestic product
(EDP). Among the measures included in calculating the deterioration of
natural capital are defensive expenditures (expenditures on pollution pre-
vention and cleanup) and the value of depletion and degradation of mar-
keted and nonmarketed natural resources.

There are three conceptual problems with EDP as a measure of sustain-
able income:

(1) In calculating EDP, it is assumed that produced and natural capital are
near-perfect substitutes for each other. However, as natural capital is
depleted, the scope for substitution of one for the other decreases. A
single index that blurs the distinction between produced and natural
capital is not useful from a policy perspective.

(2) The lack of markets for a number of environmental resources requires
imputing values for these resources when calculating EDP, but there
are two serious problems with these values. First, because of the wide
variety of valuation techniques and assumptions on which they are
based, EDP can take on almost any value—an unacceptable outcome
for national accounts. More fundamentally, imputed values are by def-
inition hypothetical. If these costs were actually incurred, all economic
transactions would change. It has been argued that this is more appro-
priately treated as a modeling exercise, not an accounting exercise,
since EDP would require estimation of the new economic transactions.

(3) Two important omissions in traditional national accounts also affect
EDP estimates: the accumulation of human capital, and the informal
sector. Both of these factors are important in understanding and for-
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mulating sustainable development policies, especially in developing
countries.

How good is EDP as a measure of sustainable income and how useful is
it for policy makers? The above discussion indicates that NRAs are not a
comprehensive measure of sustainable income. While proponents of sum-
mary NRAs would agree, they would also claim that summary NRAs are
better than traditional income accounts, and therefore are a step in the
right direction. However, differences in methods and assumptions adopted
to calculate EDP in each country can result in very different measures of
sustainable income, but there is no basis for standardizing these methods
and assumptions for use in all countries. Moreover, even if EDPs could be
estimated in a meaningful manner, their usefulness for policy is question-
able because the implications of the numbers are unclear. In addition, sum-
mary NRAs do not provide the sectoral detail required for most policy
analysis.

Management-Oriented Natural Resource Accounts

Management-oriented NRAs record the extraction of resources and their
use in production, as well as the discharge of waste materials associated with
each economic sector and with households. The UN has recommended
that the NRA be linked to the input–output table of the system of national
accounts (SNA) to bring out the interconnections between the environ-
mental and economic activities. Management-oriented NRA are based on a
physical approach to accounting. The physical data are then interpreted in
policy terms through the use of physical indicators (like sustainable yields)
and economic valuation. They can also be used to calculate EDP, subject to
the weaknesses identified above.

The compilation of data at the sectoral level poses a considerable chal-
lenge, especially for developing countries with limited financial and human
resources. This is one of the serious drawbacks of management-oriented
NRAs. However, a large amount of data has already been collected or can
be estimated from technical parameters calculated in other countries for
similar problems. In these circumstances, the challenge of constructing
NRAs becomes the difficult but less daunting one of integrating diverse
data sets. In order to assure the usefulness of the NRA, it is essential that
this undertaking be guided by a country’s development problems and
strategies. The article describes how a country could simultaneously pursue
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identification of sustainable development strategies and compilation of
NRAs.

Use of Management-Oriented Natural Resource Accounts in
Developing Countries

Management-oriented NRAs can be and already are being used for policy
analysis and decision making in both developed and developing countries.
They can be used to monitor resource use and environmental degradation
at both the sectoral and economy-wide levels. They can also be used for
policy analysis and planning, especially when linked to an input–output or
related (Social Accounting Matrix, Computable General Equilibrium)
model which brings out the direct and indirect effects of possible changes
in the economic and environmental sectors. This is critical at the economy-
wide and regional levels, where coordination among sectoral policies is nec-
essary and spillovers or trade-offs must be identified.

While developing countries can learn from the experience with manage-
ment-oriented NRAs of developed countries like Norway, France, and the
Netherlands, developing countries may benefit from different emphases—
for example, the importance of including both formal and informal sectors,
creating NRAs for distinct geographical regions, and concentrating on dif-
ferent environmental issues such as biodiversity.

Management-oriented NRAs are already being used in developing coun-
tries like Indonesia and the Philippines to address issues such as the feasi-
bility of continued food self-sufficiency as income growth changes the aver-
age diet of an increasing population, and the environmental impact of
establishing a large pulp and paper industry or liberalizing trade.

In Africa, only Botswana has begun to construct NRAs, but a number of
other African countries are planning to do so, including the Gambia, Zim-
babwe, Namibia, and Ghana. Construction and effective utilization of
NRAs require that a number of obstacles be overcome. In addition to the
data issues mentioned above, and the need to coordinate development pol-
icy with NRA construction, NRAs pose institutional challenges. The com-
pilation and use of NRAs cuts across ministries and professional disciplines
and cannot be handled by one agency alone. Leadership is needed that 
can coordinate ministries, international donors, and university and profes-
sional research organizations, and which can link data collection with pol-
icy analysis.
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Summary of

Development, the Environment,
and the Social Rate of Discount

by Anil Markandya and David W. Pearce
[Published in The World Bank Research Observer 6 (July 1991): 137–152.]

Many environmentalists have questioned the use of the discount rate in
formulating economic policies related to natural resource use. This article
examines and evaluates the use of the discount rate in environmental deci-
sion making. It argues that rather than trying to “do something” about the
discount rate for environmental reasons, the problem might be better
addressed by developing the concept of sustainability as a policy instru-
ment.

The Rationale for Discounting and the Choice of the 
Discount Rate

Sixty-one cents invested today at a 5% compound interest rate will be worth
$1 in 10 years; $0.61 is called the present value factor when the discount
rate is 5%. The higher the discount rate or the longer the time horizon, the
lower the present value factor. Discounting is used because less weight is
attached to future benefits or costs than to those in the present. This is
either because people are impatient or because a dollar’s worth of resources
now will generate more than a dollar’s worth of goods and services in the
future, and an entrepreneur will therefore be willing to pay more than a
dollar in the future to acquire a dollar’s worth of those resources now.

The two main criteria used to determine the discount rate are the social
rate of time preference and the opportunity cost of capital. Time preference
rates tend to be lower than the opportunity cost of capital. The impact of
costs and benefits on levels of consumption relative to savings are crucial in
determining the discount rate. Both in theory and in practice, there is dis-
agreement about the choice of discount rates.

Discounting and the Environment

There is no unique relationship between high discount rates and environ-
mental degradation. While high discount rates may shift the cost burden to
future generations, they also reduce the level of investment, and lower
investments reduce the use of natural resources. For example, high dis-
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count rates discourage development projects with large capital needs, such
as dams, and may therefore help preserve large areas in their existing state.
We can consider five discounting methods and their implications for envi-
ronmental problems.

Pure Individual Time Preference 
There are three arguments as to why social discount rates should not be
influenced by individual time preference rates. First, it is not necessarily
true that an individual’s welfare will be maximized if the individual acts on
the impatience principle (which is the basis for the pure individual time
preference rate). Second, individual wants carry no necessary implications
for public policy. Finally, there are problems with the expression of the basic
value judgment involved. Societies that seek to satisfy wants should be con-
cerned with satisfying wants as they arise, and thus actually achieving
tomorrow’s satisfaction, rather than trying to achieve today’s assessment of
tomorrow’s satisfaction.

These objections are debatable. Overturning the fundamental value
judgment of the liberal economic tradition—i.e., that individual prefer-
ences should count in social decisions—requires more compelling reasons.
While the third objection is philosophically persuasive, the discount rate
should be retained on pragmatic grounds to deal with serious environmen-
tal problems in developing countries.

Social Rate of Time Preference 
The social rate of time preference measures the rate at which the utility of
consumption decreases over time. The social rate of time preference can be
expressed thus:

where i is the social rate of time preference, z is the rate of pure time pref-
erence, g is the rate of growth of real consumption per capita, and n is the
percentage decrease in marginal utility for each percentage point increase in
consumption.

The first concern that environmentalists have with this formulation is the
presumption that the growth of real consumption per capita, g, will always
be positive. They argue that there are limits to growth based on natural
resource and environmental sink constraints. For example, in low-income
sub-Saharan Africa, real per capita consumption fell by 1.9% between 1973
and 1983, yielding a negative g. While this might imply a negative i as well,
these regions have individual time preference rates, z, as high as 10–15%
that may result in positive social rates of time preference. However, the

i = ng + z
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high individual time preference rates themselves can be questioned. One
argument for high individual time preference rates in situations of poverty
is that the need for immediate food is more urgent than the need for assur-
ance of food in the future, but this argument is problematic in the context
of environmental degradation; high discount rates may lead to environ-
mental degradation, which may result in further poverty. Thus a vicious
cycle is operating in which poverty calls for high discount rates, which
themselves cause poverty. As a result, a social time preference rate based on
the above equation may not be useful when real consumption per capita is
negative or falling, because the value of z may not be relevant. A better
method for determining a social rate of time preference is needed.

Opportunity Cost of Capital 
The opportunity cost of capital is the rate of return on the best alternative
investment of similar risk that is foregone as a result of undertaking a par-
ticular project. Basing the discount rate on the opportunity cost of capital
is justified on the grounds that it is reasonable to expect a return on a pro-
ject that is at least as high as the return on the best alternative use of funds.
Environmentalists have objected to opportunity cost discounting on two
grounds. The first objection is that opportunity cost discounting implies
that the benefits of the investment will be reinvested at opportunity cost
rates. If, however, the benefits of the investment are consumed rather than
reinvested, then the consumption flows have no opportunity cost, and
opportunity cost discounting becomes irrelevant. This problem has led to
the development of weighted discount rate procedures, whereby the under-
lying discount rates are modified according to the levels of consumption
and reinvestment.

Another problem with opportunity cost discounting relates to compen-
sation across generations. If an investment today will cause x dollars worth
of environmental damage T years from now, the damage will be valued
today at much less than x dollars. The actual amount of the present value
will depend on the discount rate and the length of time, T. The logic is that
if this lower value is invested today, it will amount to x in T years, and it
could therefore be used to compensate for the environmental damage when
it occurs. Environmentalists have argued that the lower discounted value
for the environmental damage is legitimate only if the compensation will
actually be paid, but this argument confuses potential and actual compen-
sations. Efficiency only requires that a sum for compensation be generated,
not that it be distributed.

Risk and Uncertainty 
As the uncertainty of an occurrence increases, the value of associated ben-
efits or costs should decrease. Three kinds of uncertainty are relevant to dis-
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counting. First, the risk-of-death argument (i.e., will an individual be alive
or dead in the future) is used to justify consumption today rather than in
the future. The objection to this argument is that while individuals are mor-
tal, society is not. A second type is the uncertainty about individual prefer-
ences in the future. This uncertainty may be relevant for some goods, but
the future preferences for goods such as food, shelter, water, and energy are
not uncertain. The third source is uncertainty about the size of benefits or
costs in the future. It is often assumed that the further away in time bene-
fits or costs will occur, the greater the uncertainty of their occurrence.
However, there is no reason why this must be true. Economists accept this
objection in theory, but use of risk-adjusted discount rates is still common
in policy analysis. Rather than add risk premiums to discount rates, uncer-
tainty can instead be dealt with by calculating certainty equivalents. How-
ever, these calculations are complex and the methodology is unclear.

Interests of Future Generations 
A matter of debate and concern is whether the use of positive discount rates
actually safeguards the interests of future generations. Models have been
constructed in which the utility of the present generation depends on the
utility of future generations, but these models reflect what the present gen-
eration thinks future generations will want, rather than what future gener-
ations actually want. Also, the results of these models depend on the extent
and nature of the way present generations think about the future. There are
a number of arguments suggesting that, for reasons relating to future gen-
erations’ interests, social discount rates may be below market rates. How-
ever, there is no practical procedure to determine a social discount rate that
accurately reflects future generations’ interests, so using discount rates to
account for these interests is a complex and probably untenable approach.

Discount Rates and Specific Environmental Issues 

Two specific environmental issues—irreversible damage and the manage-
ment of natural resources—can be analyzed to see how they are affected by
the discounting process.

Irreversible Damage 
Krutilla and Fisher1 developed a cost–benefit methodology for analyzing
projects that have irreversible outcomes, such as the flooding of a valley or
the loss of tropical forests. For this analysis, all of the costs and benefits
must be expressed in present value terms to determine whether or not the
project should be undertaken. The lower the discount rate is, the larger will
be the benefits of preservation and the lower the benefits of the project. In
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their analysis, Krutilla and Fisher do not adjust the discount rate. Instead
they claim that the value of the wilderness will increase over time because
the supply of such areas is shrinking and the demand for their services is
increasing. The advantage of their approach is that it has the benefits of
using a lower discount rate without the disadvantage of distorting resource
allocations in the economy by using variable discount rates. They also argue
that the value of the benefits from the project will decrease over time
because better technologies will be available in the future. The basis for this
argument is unclear, but it has the effect of lowering the discounted value
of the benefits of development without altering the discount rates.

Management of Natural Resources 
In general, the relationship between the discount rate and the pattern of
exploitation of natural resources is complex, but the fundamental point is
that higher discount rates lead to faster exploitation of resources. Discount
rates also have important effects on the time profiles of costs and benefits.
For example, in comparing two projects, one that would exhaust a resource
in 10 years and another that would exhaust it in 25 years, a high discount
rate will favor the shorter term project. Overexploitation will also occur if
the resource is held by the private sector and the private rate of discount is
higher than the social rate of discount. High discount rates may exist due
to anti-inflationary monetary policies or capital rationing, and they may be
justified within these contexts; but at the same time they can have undesir-
able consequences with respect to natural resource management. However,
while high discount rates can lead to overexploitation of resources in sev-
eral ways, overexploitation can be more effectively controlled by the impo-
sition of taxes than by trying to change discount rates, due both to the
practical difficulties of controlling the rates and to the need to use them as
tools to control other problems within economies.

Sustainability

Environmentalists’ objections notwithstanding, the discount rate should
not be tampered with. The paramount concern of environmentalists is to
protect the interests of future generations. This can be accomplished with-
out rejecting discounting by pursuing a policy that recognizes the con-
straints imposed by the need for sustainability. The central idea behind sus-
tainability is the protection of the natural resource base for future
generations. While it would be absurd to require that no individual project
harm the environment, it is possible to require that a portfolio of projects
not cause harm, implying that some projects should improve the environ-
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ment. Such a policy would permit the discount rate to function as a mech-
anism for resource allocation while protecting the environment.

Note
1. John V. Krutilla and Anthony C. Fisher, The Economics of Natural Environ-

ments (Washington, D.C.: Resources for the Future, 1975). 

Summary of

Economic Indicators of Resource Scarcity: 
A Critical Essay
by Richard B. Norgaard

[Published in Journal of Environmental Economics and Management 
19 (July 1990): 19–25.]

The theoretical and empirical literature in economics has discussed alter-
native indicators of long-run resource scarcity. This article criticizes the use
of economic indicators to determine whether resources are scarce.

A Review of the Literature

The literature on economic indicators of long-run natural resource scarcity
can be divided into empirical and theoretical parts. In the empirical litera-
ture, Barnett and Morse (1963) analyzed the changes in the amount of
labor and capital needed to extract a unit of resource, finding that extrac-
tion costs declined by a factor of four between the latter part of the nine-
teenth century and the middle of the twentieth century. This finding
formed the basis for the argument that natural resource scarcity could not
be determined by simply looking at physical quality and availability of
resources; past effects and the future potential of technological change and
substitution must be considered as well. Other economic indicators of nat-
ural resource scarcity have subsequently been developed and thoroughly
analyzed. Despite doubts raised by the effects of the energy crisis, the supe-
riority of these economic indicators as measures of resource scarcity has
become a basic premise of the empirical literature.

Starting with Hotelling’s (1931) model, and considering the quality of
information available to resource allocators, the theoretical literature has
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explored the paths of several indicators, including costs, royalties and
prices. The results indicate that prices and royalties, may follow various
paths, depending on a number of factors, including the size of the resource
stock, interest rates, market structure, taxation policies, and substitute tech-
nologies. Moreover, changes in any of these factors will reset the paths.
However, despite these theoretical findings, the empiricists have ignored
these factors and continue to focus only on their economic indicators to
identify scarce resources. But the superiority of this focus only on the indi-
cators must be questioned, given the difficulty both of determining all of
the effects of the other factors on the economic indicators and of distin-
guishing these effects from those actually caused by scarcity.

The Logical Fallacy

The theoretical models of Ricardo and Hotelling can be reduced to the fol-
lowing simple syllogism:

Major Premise: If resources are scarce, and 
Minor Premise: If resource allocators are informed of resource scarcity,
Conclusion: Then economic indicators will reflect this scarcity.[22]

The empirical literature has looked at resource indicators (the conclu-
sion) to deduce whether resources are scarce (the major premise), and
empirical work has ignored the minor premise. In the theoretical literature
there are no connections made between the nature of information pos-
sessed by resource allocators and the interpretations of the cost or price
paths of resources.

In commenting on this critique, many economists have suggested that a
true contribution to economics should help correct the problems, not sim-
ply point them out. A proper analysis would entail looking at economic
indicators of resource scarcity while controlling for whether resource allo-
cators are informed. However, to find out whether resource allocators are
informed about scarcity, it is necessary to know whether resources are
scarce, and this is the very question under investigation. Thus there is a log-
ical fallacy. If allocators are well informed, then we should get information
from them directly rather than analyzing indicators that are based on their
actions.

How Did We Go Wrong?

The empirical analyses of the 1970s that were based on Hotelling’s model
did not clearly reveal the implications of the model because they suppressed
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both the stringent assumptions of the model and the sensitivity of the
results to a number of factors. Moreover, despite the fact that both the
Ricardian model and Hotelling’s model do not fit the historical record of
the United States, they were still used in the difficult empirical analysis of
natural resource scarcity.

Conclusion

While there have been changes in views about what constitutes science, two
tenets have remained unchanged:
(1) science feeds on the tension between theory and reality; and
(2) individual scientific arguments must be logical.

The use of economic indicators to determine whether resources are scarce
over the long run does not meet either of these two criteria of a scientific
approach.

Summary of

Valuing Environmental Damage
by Per-Olov Johansson

[Published in Oxford Review of Economic Policy 6 (Spring 1990): 34–50.
By permission of Oxford University Press.]

Policy changes result in benefits for some groups and costs for others;
often the costs of a project are costs to society, not to the individual or firm
undertaking the project. Social cost–benefit analysis entails transformation
of costs and benefits into monetary units to assess the desirability of a proj-
ect. This article reviews several ways in which economic theory accounts for
environmental damage.

Money Measures: An Example

The willingness-to-pay concept measures the maximum amount of money
that individuals are willing to pay so as to undertake a project. The total
that all individuals are willing to pay is a measure of the benefits of the proj-
ect. This is compared to the costs of the project to determine its profitabil-
ity. An alternative monetary measure is the concept of monetary compensa-
tion, which measures the minimum amount of money that individuals must
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be paid to agree that the project not be undertaken. Two other related con-
cepts are compensating variation and equivalent variation. In the former,
the individual is kept at a pre-project level of satisfaction, and the willing-
ness-to-pay for environmental improvements or the required compensation
for environmental degradation resulting from the project are calculated. To
calculate equivalent variation, the individual is held at the level of satisfac-
tion that would be attained if the project were carried out. In this case, we
measure the willingness-to-pay to avoid environmental deterioration or the
compensation required to accept that environmental improvements are not
carried out.

A useful alternative interpretation of the willingness-to-pay approach is
the referendum. Voters can be asked to vote on whether they are willing to
pay a certain amount for a project, say £1000 per individual. If the major-
ity vote yes, then it is fair to assume that the average voter is actually will-
ing to pay more than £1000.

On the Total Value of a Resource

Four values can be attributed to environmental resources:
(1) consumptive use values, e.g., fishing and hunting;
(2) nonconsumptive use values, e.g., bird-watching;
(3) indirect services, e.g., services provided through books, movies, etc.;

and
(4) existence values, e.g., satisfaction derived simply because a resource

exists.

The total value of a resource is the sum of the four values, where all are
expressed in monetary terms. Environmental damage affects the total value
of a resource. Nonconsumptive uses and indirect uses can be thought of as
public goods, and reductions in their supply cause reductions in welfare
across a number of individuals. Existence values depend on both the stock
and quality of a resource, so environmental degradation could affect the
existence value of a resource by decreasing its quality, even if the stock
remains the same. Environmental damage can affect the price of a resource
and of commodities related to it, causing a loss in consumer surplus.

Valuation Under Certainty: Option Value

The discussion of changes in consumer surplus can be extended over many
time periods. However, economic agents do not have perfect information
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about the future, and this uncertainty about the future value of resources
gives rise to the concept of option value. There are two interpretations of
the precise definition of an option value. The first sees option value as a risk
premium arising from uncertainty. In this case, the option value is the dif-
ference between the option price and the expected consumer surplus. The
expected consumer surplus is obtained by multiplying the consumer surplus
by the probability that the resource will be destroyed, while the option
price is the maximum the consumer is willing to pay to ensure that the
resource is available. In some cases, the calculation of option values may be
more complicated.

The second interpretation of the option value concept has been labeled
the quasi-option value. For example, the decision on whether to develop a
tract of land may lead to the destruction of plant and animal populations
that may have economic uses in the future. Furthermore, the destruction
of any one species may lead to the destruction of some ecosystems. The
quasi-option value, then, is the increase in expected benefits of preserving
rather than developing an area until the uncertainty is resolved. It can be
calculated based on appropriate biological, engineering, and economic
data.

Some Practical Methodologies

There are a number of methods used to estimate the willingness-to-pay for
public goods, three of which are described briefly:

(1) Survey Data: This method entails asking individuals how much they
will be willing to pay for a change in the provision of a public good, or
how much they should be paid not to undertake a change. The prob-
lem with this method is that there is an incentive for some people to
understate their willingness-to-pay if they believe they will be asked to
pay the stated amount. On the other hand, some people may overstate
their willingness-to-pay if they believe that the amount they claim will
not affect what they must actually pay.

(2) Travel Cost Method: While a number of services (e.g., fishing or recre-
ational services) are free or priced very low, the travel cost that indi-
viduals pay to undertake these activities can be recorded. The service
will be used less by those from regions with greater travel costs. This
information can be used to derive a demand curve for the service, and
consumer surpluses can be calculated for different groups. One prob-
lem with the travel cost method is that it does not capture the exis-
tence value for those people who do not travel to use the service.

(3) Hedonic Prices: This method attempts to calculate the willingness-to-
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pay for environmental services by comparing property values across
regions. For example, if there are two similar houses in two different
areas and the only difference is the air quality, then the difference in
their values is assumed to be due to the difference in air quality. The
main drawback with this method is that public goods such as parks and
endangered species do not have prices attached to them, so this
method cannot be used in these cases.

General Remarks and Problems

In theory, the same monetary measure should result regardless of the
method used for valuing environmental damage. However, in practice this
does not happen. Work therefore needs to be done to compare the relative
reliability of different methods. In addition, in many studies there is a large
difference between the willingness-to-pay and the willingness-to-accept
measures. In this case the problem is not with the existence of differences
but with their magnitude. A third problem in social cost–benefit analysis is
that even if the benefits are greater than the costs, those who gain may not
be able to compensate the losers. Fourth, in expressing their willingness-to-
pay, respondents may not understand all of the consequences of a compli-
cated policy change.

Summary of

Some Problems with Environmental Economics
by Mark Sagoff

[Published in Environmental Ethics 10 (Spring 1988): 55–74.]

Economists are increasingly using contingent valuation methods “to
assess the economic value of recreation, scenic beauty, air quality, water
quality, species preservation, and bequests to future generations.”1 These
methods attempt to determine individuals’ willingness-to-pay to preserve
natural environments (preservation or existence values), to maintain the
option of using natural environments (option values), and to bequeath nat-
ural environments to future generations (bequest values). This article
argues against the defense of the contingent valuation method put forward
by Steven Edwards in his article “In Defense of Environmental Econom-



Mark Sagoff 277

ics,” and then describes the outcome of an experiment conducted in
Wyoming.

Edwards’ Defense of Environmental Economics

Edwards’ first point in defense of the contingent valuation method is that
a relationship exists between an individual’s willingness-to-pay and personal
utility. His argument is that as people’s incomes increase, so will their level
of happiness, as they can procure more things that provide satisfaction.
However, there is no empirical evidence that supports this claim. Albert
Hirschman has pointed out that consumption can lead to both satisfaction
and disappointment, and, according to Frank Knight, it is the education of
desire, not necessarily its satisfaction, that leads to happiness. It is therefore
wrong to argue that willingness-to-pay reflects the level of happiness that
individuals will obtain if the purchase is actually made. In fact, resource
economists define personal utility as that which willingness-to-pay mea-
sures; the two terms are interchangeable, and the relationship between
them is purely tautological.

Edwards’ second point is that the economic analysis that is applied to tra-
ditional markets (i.e., markets in which buyers and sellers transfer property
voluntarily at agreed upon prices) can be extended to contingent markets.
In effect, Edwards is arguing that the kind of economic analysis that is used
to assess private markets can be extended to publicly owned resources, and
that public resources should be auctioned off to the highest bidder. The
problem with this line of reasoning is that in private markets individuals do
not have to sell to the highest bidder. In technical terms, property rights in
traditional markets are backed by property rules that allow the owner the
right to exclude or not to transfer. When property rights are instead backed
by liability rules, then the property must be sold to the highest bidder. The
nature of property rights is therefore important in determining the nature
and rules of transactions in markets. The economic analysis that Edwards
defends creates an abstraction of the marketplace, without the ideals of
exclusivity and consent, to justify the auctioning of public resources to the
highest bidder. If, on the other hand, property rights are taken seriously,
then the public may prefer not to sell at any price.

In many cases, respondents in contingent valuation surveys refuse to
indicate the price at which they are willing to buy or sell environmental
goods and resources. Why is this so? Edwards argues that respondents are
indulging in strategic behavior in order to influence the final outcome, and
he claims that they are misrepresenting their actual thoughts. However, it
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may be that respondents are motivated not by an attempt to deceive but by
the belief that environmental policy—with its ethical, cultural, and aesthetic
aspects—should be discussed and debated before decisions are made. In
other words, respondents may be suggesting that the democratic process,
not prices at the margin, should determine the moral and political ques-
tions involved in environmental policy. Or respondents may be aware that
a number of publicly owned environmental resources are not marketable by
statute, and they may therefore be unwilling to assist in a “backdoor”
cost–benefit analysis of these resources. Finally, respondents may see
through the circular definitions of utility used in these surveys. Whatever
the actual reason, Edwards’ claim that it is simply strategic behavior shows
his unwillingness to take liberty and consent seriously.

Tangible and Intangible Values

The Clean Air Act and the Endangered Species Act dictate certain envi-
ronmental regulations and standards on aesthetic and ethical grounds. Even
the most ardent environmental idealist will acknowledge that at some point
these regulations impede economic growth. We must then ask how much
regulation is appropriate? This question is made more difficult by the fact
that a number of these aesthetic and ethical considerations are intangible
and unmarketable, and therefore they do not have market prices.

Two Approaches to Rationality

There are two senses in which the economic approach to environmental
policy can be described as “rational” and “scientific.” In the first, a decision
is rational if it uses mathematical criteria and methodologies that are laid
down in advance to arrive at conclusions based on exogenous preferences.
Economists approach rational decisions in this framework by collecting data
on prices and consumer preferences to determine the trade-off between
environmental protection and economic development.

The second sense in which a decision can be seen as rational or scientific
is if it is reasonable or sane according to a set of moral virtues: tolerance,
respect for others’ views, willingness to listen, and reliance on persuasion
rather than force. This second notion of a rational decision depends on an
open decision-making process that takes legal, ethical, technical, economic,
and other realities into account. The conflict between these two methods
arises when determining how much information should be presented, or
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how much discussion, deliberation, and education should be allowed in a
survey. For the decision to be scientific in the first sense no discussion
should be allowed, as it may influence people’s views, i.e., the exogenous
variables. However, without deliberations and discussions the decision will
not be rational and scientific in the second sense.

The Wyoming Experiment

Adopting the economic notion of rational and scientific, three economists
at the University of Wyoming undertook a study to determine the value of
an intangible good: atmospheric visibility.2 Atmospheric visibility is one of
the requirements of the Clean Air Act. The economists showed pho-
tographs with different degrees of visibility to a variety of people and asked
two questions:
(1) How much would you be willing to pay to prevent a given deteriora-

tion in visibility (as demonstrated by comparing two of the pho-
tographs) that would be caused by a power plant?

(2) How much should you be compensated if a loss of visibility does
occur? 

The economists had to decide whether they should explain to their sub-
jects why the change in visibility would occur, since respondents’ opinions
might vary depending on whether the change would be caused by nature
(e.g., an approaching storm) or by emissions from the smokestacks of a
coal-fired utility plant. When the respondents were informed that pollution
from a power plant would be the cause of the visibility loss, a majority of
them refused to cooperate in the survey. They rejected a cost–benefit
framework for the trading of pollution rights.

Information plays a key role in determining how people feel about envi-
ronmental resources and contingent markets. Rather than pretending that
respondents are being strategic when they do not cooperate in contingent
valuation surveys, we should realize that they are thinking, political beings
who are, in fact, rejecting the methodology of the surveys.

Notes
1. Steven Edwards, “In Defense of Environmental Economics,” Environmental

Ethics 9 (1987): 80; cited by Sagoff, 55.
2. R. Rowe, R. D’Arge, and D. Brookshire, “An Experiment on the Economic

Value of Visibility,” Journal of Environmental Economics and Management (1980).
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Summary of

The Worth of a Songbird: Ecological Economics
as a Post-Normal Science

by Silvio O. Funtowicz and Jerome R. Ravetz
[Published in Ecological Economics 10 (August 1994): 197–207. Reprinted 

with kind permission from Elsevier Science B.V., Amsterdam, The Netherlands.]

Economics has traditionally neglected uncertainties both in knowledge
and in ethical issues. The economic paradigm is modeled on classical
physics, and it is a “normal” science in the sense articulated by Thomas
Kuhn.1 The scientific enigmas and policy riddles of global environmental
policies call for a “post-normal science.” Central to this concept of a post-
normal science is the organizing principle of quality, which requires a new
methodology and social organization of work. The irreducible uncertain-
ties and ethical complexities inherent in some issues can thus be managed
as knowledge is democratized and the peer group is broadened to include
a number of different perspectives and norms of evidence and discourse.
This article lays out the framework for valuation techniques in a post-nor-
mal science.

Valuations

The “songbird” in the article title refers to species and ecosystems that are
irreplaceable, whose market value does not represent their true worth. Val-
uation issues of this kind force us to focus on what value is, what is being
valued, and how valuation is done.

In the case of the songbird, valuation cannot be divorced either from the
methodology used or from ethical issues. While some people argue that
rational policy debates require that valuations only be done in monetary
terms, others object strongly when dollar values are assigned to species. In
the middle lie those who reluctantly accept monetary valuation on prag-
matic grounds but are against this method in principle. At present, the bur-
den is on those who favor preservation of a wetland or a species to demon-
strate—with a monetary yardstick—that the benefits of preservation are
greater than the benefits of exploitation. The current convention of using
money as the language of valuation constrains all valuation processes, so its
adoption and use by all stakeholders in any environmental issue therefore
seems appropriate.

With the development of ecological economics and a clear vision of what
a sustainable future is, different conceptions of value and how it is mea-
sured will arise, and monetary values expressed through the commercial



Silvio O. Funtowicz and Jerome R. Ravetz 281

market will become only one of many forms of valuation. Operational def-
initions of value will reflect what is important and real, as well as the level
of commitment of different stakeholders. Based on a number of legitimate
perspectives, a new common language that is not dominated by any single
group will evolve when negotiators recognize the irreducible complexity of
the issues at stake. The problem with the present system is not only that the
market is expected to determine value, but also that all valuation must be
reduced to a one-dimensional standard. New forms of valuation will not
and should not be unidimensional, and they will be the products of nego-
tiations and mediations in the institutionalized political process. The task is
to develop a set of concepts and practices whereby all of the complemen-
tary perspectives contribute to a rational dialogue in which ethical commit-
ments are articulated.

Elements of a Post-Normal Science

This section sketches the elements of a post-normal science that can be
used in the development of an ecological economics. An article by W.D.
Nordhaus (1991)2 is used as an example to demonstrate that mainstream
economists are adopting the rhetoric of an ecologically sensitive approach,
although not in a selfconscious and disciplined manner. These elements are
discussed in the following subsections.

Appropriate Management of Uncertainty 
The many uncertainties associated with ecological problems force econo-
mists to be more cautious with quantitative arguments than they usually are
in regard to other issues. The article by Nordhaus is full of caveats, reflect-
ing the fact that economics applied to environmental issues does not pos-
sess the same degree of control of uncertainties as, for example, analytical
chemistry. The task is to manage the uncertainties so as to get the best qual-
ity of information from them.

Managing imperfectly understood uncertainties requires explicit guide-
lines. A set of guidelines called NUSAP—standing for “numeral, unit,
spread, assessment, and pedigree”—have been developed. The first two cat-
egories of NUSAP are easily understood, but spread, assessment, and pedi-
gree describe three distinct kinds of uncertainty. Spread refers to the preci-
sion or “random error” of data; assessment refers to the degree of accuracy
or “systemic error;” and pedigree describes model uncertainties, i.e., the
border with ignorance or the boundaries of knowledge about the informa-
tion being expressed. An analogy with target shooting can clarify these
terms: we have precision if the shots cluster closely, accuracy if they are near
the bull’s-eye, and pedigree determines whether there is a target at all.
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The article by Nordhaus contains all three forms of uncertainty. How-
ever, despite clearly acknowledging uncertainty, the problems associated
with it have not been well managed. Some of his entries have large inter-
vals, some are unquantified, and others are based on adjustments that are
ad hoc or derived from hunches. These problems notwithstanding, the final
results are calculated with hyper-precision. The hyper-precision of final
numbers represents an attempt to establish objective facts from intuitive
fuzz. This defect of hyper-precision is not peculiar to the Nordhaus article
but in fact is widespread in economic analysis. NUSAP provides frameworks
to deal with uncertainty, to critique information offered in discussions of
ecological economics, and to evaluate information as a basis for policy rec-
ommendations.

Appropriate Management of Quality 
The Nordhaus article demonstrates inappropriate management of the qual-
ity of information in relation both to its inherent uncertainties and to its
function as a basis for policy. Definite policy recommendations are based on
less certain conclusions. Very different policy recommendations would
emerge if the author had different hunches. The hunches themselves are
buried in mathematical sophistication, giving the analysis an image of quan-
titative science, as opposed to what it really is: doctrine reinforced by guess-
work. The important point is that it is wrong to manipulate uncertainties
in information and conclusions in such a way that recommendations appear
to be far more certain than can be scientifically justified.

Another problem is that value commitments, i.e., the different weights
attached to the various risks and benefits, are masked in Nordhaus’ argu-
ments. Ecological economics must acknowledge the importance and legit-
imacy of value commitments and should take ethical stances. It should be
explicit about where it believes the burden of proof must lie in debates on
environmental policy. Forensic advocacy and scientific research both have
their place in post-normal science, but it is illegitimate to claim to use one
form of discourse when actually employing the other. Quality of discussion
can best be maintained by expanding the peer group to involve a multi-
plicity of participants and perspectives. This will require both an explicit
statement of ethical principles and development of appropriate modes of
discourse, norms, and institutional arrangements, all based on the organiz-
ing principle of quality of dialogue rather than on abstract truth.

Plurality of Commitments and Perspectives 
The organizing principle of post-normal science is quality, which is com-
prised of ethics and morality. The old ideal of scientific truth is no longer
attainable or relevant for policy; no single perspective can claim a monop-
oly on wisdom. A number of different groups, including consumers, NIM-
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BYs, representatives of the disadvantaged, champions of the natural envi-
ronment, spokespersons for industries and governments, and academics,
should all be part of the decision-making process. Negotiations and medi-
ations based on principled advocacy rather than the pretense of uncommit-
ted scholarship should also be part of the process. An honest recognition of
conflicting interests and power relationships will prevent any single group
from co-opting others.

Intellectual Structures 
Traditional research in science has been motivated by curiosity, and there it
is reasonable to attempt to define “foundations” that can serve as the basis
for unity among researchers. More recently, mission-oriented research is
based on producing “corporate know-how” rather than “public knowl-
edge,” and the traditional conceptual basis of scientific research has been
eliminated. In an issue-driven post-normal science, searching for founda-
tions can be the cause of confusion. Common commitment to certain
approaches, rather than shared knowledge, is the most important factor in
problem solving. Commitment to a resolution of the problem will give rise
to appropriate problem-solving activity and dialogue.

Social Structures 
Mission-oriented scientific research is carried out in bureaucratic institu-
tions and is directed by managers based on the needs of the institution
rather than on publicly defined issues. Moreover, many aspects of this kind
of research are unknown to the public. Issue-driven post-normal science
should be opened up to make research transdisciplinary and accessible to
the public. Institutional changes will be needed to make this transition.

Conclusions

The worth of a songbird goes beyond questions of valuation in monetary
terms; we must move beyond the commodification of all resources for the
determination of their worth. The management of scientific uncertainties
and value commitments is at the core of establishing an effective post-nor-
mal science.

Notes
1. Thomas S. Kuhn, The Structure of Scientific Revolutions (University of Chi-

cago Press, 1962).
2. W.D. Nordhaus, “To Slow or Not to Slow: The Economics of the Greenhouse

Effect,” The Economic Journal, 101(1991): 920–937.
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PART VI

International Economic
Relations, Development,

and the Environment

Overview Essay
by Rajaram Krishnan

Introduction

Global environmental problems demand global solutions because irrespec-
tive of the root of any particular problem the consequences are felt by many.
In our present political system no single nation or group of nations can
impose direct penalties on perpetrators of environmental degradation. Even
if we assume that such penalties might be imposed, in a number of cases
(where the causes of environmental degradation are indirect and complex)
we cannot point to a single actor or source as the cause of the problem.

This part of the book deals with issues related to international economic
relations, development, and the environment. The articles selected for
inclusion in this part attempt to bring into focus perspectives which run
counter to the dominant attitudes—“free trade is best” and “let the mar-
kets work”—in international economic relations. These philosophical
underpinnings and dominant attitudes, long advocated by the World Bank
and the International Monetary Fund, have been strengthened by the
recent collapse of planned economies and the apparent triumph of the free
market alternative in Eastern Europe. However, a reconsideration of these
views is imperative given the disastrous results with respect to poverty alle-
viation in an absolute sense, widening income inequality in a relative sense,
and the direct relationship between global environmental degradation and
the dominant policy regimes.

This essay lays out the major issues related to how international economic
and policy relations have been thought of in the development literature,
and how they should be modified in the context of the ecological crisis that
affects the globe. Such a discussion must be informed by, and must take
into account, the very different perspectives which people hold depending
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on their class and national origins. The differing groups do not lend them-
selves to simple dichotomies such as North and South, rich and poor, urban
and rural, or anthropocentric and biocentric. This is not to suggest that
these differences are unimportant, but that no simple stereotypes can be
formed. A history of the nature, costs, and benefits of international eco-
nomic relations in the post-colonial world would be very different depend-
ing on who was the narrator. There will be no consensus on the causes of
environmental problems or on an ideal international policy package to
address the environmental crisis that we all face. The differences arise
because of varying interpretations of history, differences in where environ-
mental problems fall in the larger scheme of problems, the perceived bene-
fits and opportunity costs of meeting the environmental challenges, and the
varied cultural and social backgrounds that people bring to the problem.

The complexity of such dichotomies notwithstanding, where issues
regarding the environment are concerned there is one essential difference
between the rich countries of the world and the poor ones. To the rich, the
environmental problem stands as a constraint to ensuring for the future the
affluence that is today taken for granted. Arguably, the environmental
problem is the most serious threat and should be the primary policy con-
cern of these countries. For the poor countries of the world, on the other
hand, the environmental problem, while serious, is secondary to the prob-
lem of poverty. Even though poverty and environmental degradation feed
on each other in a vicious cycle of cause and effect, if asked which one prob-
lem they would rather have solved first, political reality if nothing else will
point toward poverty. This fundamental difference is bound to result in dif-
ferences in policy prescriptions between the rich and the poor.

The rest of this essay is divided into three subsections. The first of these
discusses what Wilber and Jameson1 label the “orthodox” paradigm in
development. Given its widespread influence in the practice of development
policy it could well be called the mainstream or dominant paradigm. The
second subsection discusses a critique of the orthodox paradigm—the
dependency school—which was influential in the 1960s and 1970s. The
third subsection is a guide to the articles included in this part of the book.
The conclusion outlines the need for a reformulation of development the-
ory and international economic relations in the context of global environ-
mental problems.

International Economic Order—the “Orthodox” Paradigm

Until recently, international economic relations were governed by the
realpolitik of the Cold War. The race between the East and the West dic-
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tated political and economic realities. Both sides were determined to estab-
lish that their respective ideologies and methods were not only better than
those of the other side but that they were the best path for humankind.
However, the common thread in the policy prescriptions of the East and
the West was the propagation of economic growth. The desire for growth,
so dominant in directing domestic economic policies of the East and the
West, has also been central to the organizational structure of international
economic relations. This section will analyze the philosophical underpin-
nings of the international economic order influenced by the ideology of the
West. The primary intellectual foundations for this perspective can be
traced back to European liberalism of the late eighteenth and nineteenth
centuries.

The international economic order, with its emphasis on “free” trade and
“open” markets, works on the premise that goods and services should be
produced on the basis of comparative advantage for worldwide consump-
tion. While there is widespread disagreement in the theoretical literature on
the “free trade is best” doctrine,2 its hold as a working concept ideologi-
cally and in policy is strong. Influential institutions, especially the World
Bank and the IMF, have by and large advocated a rather doctrinaire line of
getting the prices right and opening up markets to integrate the global
economy. These policies are aimed at improving the global economic sys-
tem based on the efficiency criterion.

A history of development economics since the 1950s reveals this bias
toward a growth-oriented strategy. In the 1950s, surplus labor models asso-
ciated with Sir Arthur Lewis and the “vicious cycle of poverty” concept
suggested that investment shortfalls were the bane of developing countries.
The argument was that developing countries were caught in a vicious cycle
in which low investment led to low output and employment (read as low
growth) which led to low savings which led to low investment, etc. The rel-
evant policy was therefore to boost investment and encourage growth.
Investment in developing countries was to be made available in the form of
aid and favorable loans, and by the transfer of technology from the West.
On the international front it was argued that open markets were best for
development.

The evidence in support of these policies was seen in the success of West-
ern Europe after the end of World War II and in the success of the “Gang
of Four” (Hong Kong, Singapore, South Korea, and Taiwan) economies.
Unfortunately such evidence is misleading. At the domestic level it was
naive to believe that what was right for Western Europe was right for the
newly independent countries of the Third World. The success of the “Gang
of Four,” while remarkable, cannot be attributed to a policy of open and
free markets but rather to a planned policy of export-led growth. Further-
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more, doubts have been expressed as to whether the success of these coun-
tries can be universally replicated.3

In the 1960s and 1970s, a realization that the policies pursued had a very
small effect on poverty alleviation led to a modification of development
theory and strategy. “Growth with equity” and “basic needs” put direct
poverty alleviation at the center of development strategy. Growth was not
abandoned, but poverty alleviation was added. The problem with these
policies was that the processes that accompanied growth worked against
poverty alleviation. Put simply, the policies were schizophrenic. Also the
power of forces, both domestic and international, that work against redis-
tributional policies was underestimated.

International Economic Order—the Dependency School

An important school of development thought whose influence has waned,
but whose relevance has not, is the dependency school. The dependency
school rejected the theories of linear progress from underdevelopment to
development as espoused by W.W. Rostow. It had its origins in Latin Amer-
ica and is best expressed in the words of one of its leading proponents: 

Studies of dependency continue a live tradition of Latin American
thought, reinvigorated in the 1960s by the proposition of themes and
problems defined in a theoretical–methodological field not only distinct
from what inspired Keynesian and structuralist–functionalist analyses (the
theory of modernization, and of the stages of development that would
repeat the history of industrialized countries), but radically distinct with
respect to its inherent critical component.4

The dependency school attempted to explain the process of development
of some nations and underdevelopment of others as part of the same
process. Development and underdevelopment are two sides of the same
coin, one responsible for the other. The processes that caused these dual
outcomes were a result of the international economic system and the
arrangements within it which are cultivated to ensure the spread of capital-
ism worldwide.

The term dependency is used to suggest that the nature of international
economic relations is configured in a manner such that “most important
decisions about development strategies—decisions about prices, investment
patterns, government macroeconomic policies, etc.—are made by individ-
uals, firms and institutions external to the country.”5 The dependent econ-
omy becomes integrated into a larger trading system and plays to the
demands of the world economy, especially those of the developed
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economies. The developed countries of the world constitute the center and
the developing countries constitute the periphery. The development of the
periphery is dependent on the center, and the center “exploits” the periph-
ery in its development.

As can be expected, there has been strong criticism, and indeed a dis-
missal, of dependency theory by the proponents of the orthodox school.
Marxian analysts have also objected to the dependency school on a number
of fronts. They see it as emphasizing nationalistic issues at the cost of class
issues in explaining international exploitation.6 While there is validity to a
number of the critiques of the dependency school, there is an important
aspect of the dependency analysis that bears on an analysis of environmen-
tal issues in the context of international economic relations. The nature of
international economic relations has had an adverse impact on ecological
systems, which has benefited some nations and classes while simultaneously
hurting others. Domestic and international economic arrangements pat-
terned after nineteenth century liberalism can in some circumstances be
seen as zero-sum games, with some participants gaining at the cost of oth-
ers because of impacts on the environment, rather than as arrangements
which benefit all participants. However, unlike the dependency school
argument, the gains and losses from environmental degradation do not cut
across national lines but are instead a function of nation–class lines.

Introducing the Environment—Guide to Selected Articles

The above two sections have outlined the major themes which the eco-
nomic development literature has put forth to understand the positive and
normative aspects of international economic relations. Interesting from
today’s perspective is an absence of any direct discussion of environmental
consequences and feedback effects. This is understandable since environ-
mental problems were not on the radar screen when the theories were ini-
tially formulated. The articles in this part of the book attempt to fill in this
gap. The selected articles do not have any single message but rather they
represent different perspectives which are important for a reassessment of
international economic relations given global economic concerns.

A reformulation of the nature of international economic relations must
begin at the top. The article by Robert Goodland and Herman Daly, “Ten
Reasons Why Northern Income Growth Is Not the Solution to Southern
Poverty,” argues that the present set of arrangements wherein the growth
of the North is seen as important for markets of the South is fallacious.
They argue that Northern growth and its offshoot, consumption, result in
the North appropriating a disproportionate share of natural resources, and
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squeezing the South. It is interesting that the opposite argument, that the
South should develop so as to create markets for Northern goods, has also
been made by proponents of the “grow to consume, consume to grow
school.” While Goodland and Daly do not make the argument explicitly in
this article, the end of economic activity cannot be growth and consump-
tion, but must be development. Growth can in fact retard development due
to its impact on the environment. An important empirical question is
“How extensive are the environmental costs of growth and who pays for
them?”

One way in which the rich have attempted to help the poor grow is
through aid. The article by David C. Korten calls into question the under-
lying growth-oriented philosophy on which these aid programs are
premised. Korten argues that the policies pursued result in environmental
degradation and an extraction of ecological surplus, and that they perpetu-
ate poverty in the South. Aid as it is presently construed is thus counter-
productive, benefiting the North and the rich in the South, and hurting the
environment and therefore the poor who depend on the environment.

The two articles discussed above clearly have elements of the dependency
analysis in them. The general themes are that while the welfare of the rich
depends on the use of environmental resources, exploitation of these
resources makes matters worse for the poor, who depend on them for their
livelihood. The dual nature of the process, described in the dependency
argument as resulting in simultaneous development and underdevelop-
ment, corresponds to an analysis of the environment aiding in the creation
of wealth, while environmental degradation perpetuates poverty. Future
research should concentrate on further analysis of this dual process at the
micro level and attempts to establish such effects empirically. Otherwise this
line of analysis risks being dismissed on the grounds that it lacks analytical
and empirical rigor.

The most powerful “instrument” in the ideology of the orthodox school
at the international level is the doctrine of free trade. There is a voluminous
debate between the proponents and opponents of free trade. However, it is
only now that connections between trade and the environment are being
analyzed. While a lot of work remains to be done, the articles by Jagdish
Bhagwati (a distinguished and renowned proponent of the free trade doc-
trine) and Herman Daly (one of the founders of the subdiscipline of eco-
logical economics) ably present the two sides of the trade and environment
debate. One major difference between the two perspectives is the nature of
the question that is posed. While Bhagwati dismisses the notion that
growth can have a detrimental effect on the environment, to Daly trade and
increased growth may be inherently wealth reducing rather than wealth
enhancing in a global sense. In addition, the ecological economics perspec-
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tive is interested in the distributional aspects of trade, because such effects
have an impact on levels of poverty, the deepening of which has an adverse
impact on the environment.

A systematic overview of trade theory and its application to social and
environmental issues is provided by Paul Ekins. He stresses that the eco-
logical critique of the standard trade model is not a recent development but
in fact has significant roots in the development of trade theory. A number
of mainstream economists, from Samuelson to Krugman, have pointed out
that the optimistic conclusions of free trade advocates are strongly depen-
dent on unrealistic assumptions. In many instances, expanding trade can
have negative effects both on resource-dependent developing economies
and on the environment. Ekins argues that the goal of environmentally sus-
tainable trade may be significantly different from the goal of free trade, and
that GATT agreements or the new World Trade Organization rules must
reflect this.

The next three articles we consider are by Jayanta Bandyopadhyay and
Vandana Shiva, Martin W. Lewis, and Ramachandra Guha. They address
the issue of alternatives to the present structure of international economic
relations. The article by Bandyopadhyay and Shiva discusses the develop-
ment of ecology movements which have micro foundations but which
result in macro changes. It describes how the dominant ideology, with
growth as its centerpiece, has destroyed the economy of nature upon which
a vast number of the poor depend, and it stresses that trade-offs between
development and the environment are false. Since the poor depend upon
the environment, an important element of poverty alleviation is to protect
the environment. A point made by Bandyopadhyay and Shiva, in common
with radical environmentalists in the North, is that market capitalism works
against both poverty alleviation and environmental sustainability and
should be rejected in the process of development.

Martin Lewis critiques this position in his article, arguing that it is not
modernization and industrialization that is the problem, but how these are
pursued. In addition, Lewis introduces the population growth variable into
the analysis. The vicious cycle of poverty and population worsens the exist-
ing vicious cycle of poverty and environmental problems. He argues that
urbanization and industrialization can be achieved in environmentally pos-
itive ways and that population growth is one of the problems but not the
primary problem for development policy. A policy response to these three
problems simultaneously calls for a thorough understanding of the interre-
lated causes and feedback effects.

Ramachandra Guha, like Lewis, critiques the radical deep ecology posi-
tion, calling it irrelevant for an understanding of environmental policy in
Third World countries. However, he finds common ground with Bandy-
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opadhyay and Shiva in suggesting that environmental protection policy
must emphasize issues of equity and social justice. The task before us is to
figure out how this should be achieved. Equity and social justice are impor-
tant elements in the call for “sustainable development” strategies. Effort
should be concentrated on making the good intentions associated with this
call into a coherent and workable strategy. If not, it will prove to be another
fad in the development literature, like so many before it.

In their article “Environmental Conflict and Violent Change,” Homer-
Dixon et al. add a political dimension to the economic and environmental
interrelations. Garnering evidence from a number of different case studies,
they demonstrate the connections between resource scarcities and
inequities and violent conflicts at the local and international level. This is an
important point to make when dealing with global environmental policy. In
a purely economic sense, to say nothing of other aspects of human suffer-
ing, the prevention of such conflicts in many cases would be cheaper than
their expected costs. Economic policy analysts have often made recom-
mendations on the grounds that they can do very little with the political
aspect. Such a limited perspective is inadequate given the interdisciplinary
nature of the issues at hand.

The final article in this part deals with the international nature of
responses to global environmental problems. Neva Goodwin’s “Intro-
duction to the Global Commons” discusses the prospects and possibilities
for the creation of a humanitarian third sector to deal with the public goods
aspects of problems facing the world. The nation-state as the main unit of
analysis and policy prescriptions is inadequate given the global nature of
many of the problems that we face. When everybody’s business is nobody’s
business within the nation-state, governments step in. Who steps in and
how do they do so when everybody’s business is nobody’s business at the
global level? It is with these questions in mind that Goodwin presents a new
vision of a “civic corps” working toward the solution of global problems. I
anticipate that many bred on the philosophy of self-interest cast in its nar-
row dimensions will dismiss Goodwin’s third sector as “pie in the sky.”
However, without working toward such a sector we may have neither pie
nor sky to worry about. Clearly Goodwin’s vision is only the first word, not
the last, in developing a framework which can be truly international in its
solutions.

Conclusion

Environmental concerns call for a change in the nature of international eco-
nomic relations. The reason environmental problems are different from
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other problems associated with traditional development issues is that every-
body is affected by them simultaneously. While the poor in Third World
countries were a concern for all, they did not directly affect the lives of the
well to do. Macro environmental problems, such as global warming and the
depletion of the ozone layer, have a public goods quality in that none of us
can escape their effects. Even micro environmental problems, such as soil
erosion and destruction of forests, adversely impact all, though at different
levels.

The intimate interconnections between economic growth, population
growth, environmental problems, poverty perpetuation, and wealth cre-
ation call for a interdisciplinary, holistic paradigm shift in international eco-
nomic analysis. Richard Norgaard’s call for “methodological pluralism” is
especially relevant in issues regarding trade, development, and the environ-
ment. Here we must break through well-entrenched stereotypes and
dichotomies. For example, criticizing growth is not the same thing as
rejecting the marketplace. However, not rejecting the marketplace does not
mean accepting market solutions for all places at all times. Similarly, we
should consider issues of power and intentions in understanding interna-
tional economic relations. The underlying philosophical spirit of the depen-
dency paradigm will be a useful starting point. A simultaneous endorse-
ment of the “market perspective” along with an endorsement of the
“dependency school” may seem rather contradictory. I contend that there
can be a useful synthesis of these apparently exclusive perspectives. We
should focus on theoretical and causal explanations of poverty, rather than
simply attempting to figure out how people can be made rich. The default
position that people are poor because they did not do the things that make
them rich is inadequate.

The articles in this part do not offer definitive answers for the serious
issues that face humankind. Rather, they introduce the reader to different
strands of thought which are relevant but do not find an expression in the
mainstream discussions of trade, development, and the environment.
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Summary of

Ten Reasons Why Northern Income Growth 
Is Not the Solution to Southern Poverty

by Robert Goodland and Herman E. Daly
[Published in from Population, Technology and Lifestyle, eds. Robert Goodland,

Herman E. Daly, and Salah El Serafy (Washington, D.C. and Covelo, California:
Island Press, 1992): 128–145. © 1992 The International Bank 

for Reconstruction and Development and UNESCO]

There are two views on how poverty in Southern countries can be
decreased. The traditional view argues that rich Northern countries should
consume more in order to provide markets to support Southern growth.
The alternative view argues that Northern countries should stabilize their
resource consumption. This article discusses these two views and provides
ten reasons why income growth in the North is not a solution to poverty
in the South. It then makes recommendations on how the North can help
the South.

Two Views: the Traditional and the Alternative

The traditional view argues that Northern income growth, resulting in
Northern consumerism, is necessary to ensure that the South will not stag-
nate. The export of natural resources from the South to the North is seen
as a source of income and growth for the South. It is suggested that the
import earnings of rich elites in the South will then trickle down to the
poor. In addition, the South can use the foreign exchange earned from
these exports to import the latest consumer goods. This view assumes that
the South is incapable of transforming these resources into necessities for
its own people and therefore must remain dependent on the North. One
problem with this approach is that, because both environmental sink capac-
ities and stocks of natural resources are finite, growth and use of these
capacities in the North implies less room for growth in the South.

The alternative view argues that, in the context of a finite, inexpandible
ecosystem, the North should stabilize its consumption patterns to free up
resources and ecological space for the South. The North has overused both
the source and the sink capacities of the global commons, thus limiting the
options of the South. The solution to Southern poverty therefore lies in the
North reducing its throughput, while the South directs its efforts toward
producing necessities for the many poor, rather than luxuries for the few
rich.
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Ten Reasons

There are ten reasons why the alternative view rather than the traditional
view is the solution to Southern poverty. They are:
(1) GNP: A Flawed Measure of Human Well-Being: GNP is a poor mea-

sure of human welfare and a poor guide for prudent economic devel-
opment and environmental management. Despite this, economic
development takes GNP maximization seriously. Environmentally
benign activities have a substantially smaller impact on GNP than
environmentally harmful activities. For example, the clean-up costs in
the aftermath of the Exxon Valdez oil spill increased GNP, but walk-
ing, biking, and use of mass transit contribute less to GNP than the
use of automobiles. Preventive methods of environmental protection
need not be an expensive choice that only the rich can afford, as is
often suggested. However, cleanup of the detrimental environmental
consequences of growth is expensive. In the case of the health of the
environment, inexpensive prevention is better than expensive cure.

(2) Importance of Relative Incomes: The proponents of the traditional
view who advocate global income growth must acknowledge that one
unwanted side effect of this growth is an increasing income disparity
between the North and the South. The gains from income growth
accrue much more to the North than to the South. Since relative
income is more influential than absolute income when competing for
finite resources, the poor will increasingly be excluded from domestic
and international market economies.

(3) Differential Utility of Needs and Wants: The utility gained from
increases in income and consumption is much less in the North than
in the South. Because levels of consumption are already high in the
North, further increases are subject to sharply declining marginal util-
ities. In the South, on the other hand, increasing income still meets
basic human needs with high marginal utilities. In addition, there are
environmental costs associated with increasing incomes. Further
income increases in the North could therefore actually result in
decreasing welfare in absolute terms. If instead the North consumes
less and saves more, while transferring resources to poverty alleviation
in the South, then utility in the South will increase with relatively low
environmental costs.

(4) Misplaced Technological Optimism: New technology is adopted to
improve productivity and increase the material standard of living.
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However, considering population growth and the disparity in incomes
between the poor countries and the United States, it will be exceed-
ingly difficult for poor countries to catch up with the rich despite any
technological improvements, even over the next forty years.

(5) The Value of Economic Self-Reliance: Poverty alleviation in the South
will be more readily achieved by promoting employment and self-
reliance strategies in the South than by pursuing the traditional
trickle-down approach. While obsolete technology in developing
countries may initially result in waste, this problem can be solved by
the export to the South of up-to-date technologies and industrial
ecology strategies.

(6) Throughput Growth as a Source of Both Income Growth and Environ-
mental Damage: Measured in terms of labor volume, one-quarter of
all economic activities account for 65% of GNP, and it is these same
activities that are most detrimental to the environment. In addition,
these activities increase the real income of the other 75% of the econ-
omy’s labor volume, thus causing additional consumption. A small
part of the economy in terms of labor volume is responsible for a large
part both of GNP and of environmental degradation.

(7) Subsidized Resource Pricing: The undervaluation of raw material
exports from the South to the North means that the South is subsi-
dizing the North through both government subsidies and the costs
due to environmental externalities. International organizations should
promote full-cost pricing that reflects the true economic costs.

(8) Inequitable Trading Systems: At present, the world trading system
favors the North at the expense of the South. Much Northern growth
is based on depleting Southern resources at prices below the cost of
sustainable exploitation. Individual countries must take world prices as
given. However, a number of goods exported from the South face low
elasticities of demand in world markets, so world prices may fall as all
of these countries attempt to reach their production targets. This
results in declining export revenue, adversely affecting imports to
these poor countries.

(9) Dysfunctions of Imbalanced Trade: The virtues of free trade have been
overestimated, and this goal can conflict with the goal of “getting the
prices right.” Tariffs imposed to internalize costs should not be
labeled “protectionism.” In fact, ignoring the environmental costs
associated with liquidating natural resources should be seen as a type
of subsidy similar to “dumping.” In addition, the environmental costs
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of repaying debts through raw material exports and natural resource
liquidation should be recognized.

(10) The Insecurity of Inequality: Increasing Northern incomes at the cost
of Southern sustainability will lead to global insecurity. It will result in
an increase in “environmental refugees” fleeing human-made disas-
ters, poisoned water, air, and soils, soil erosion, and desertification. It
is in the interest of the North to intervene to reduce income inequal-
ities with the South and to work toward poverty alleviation.

Recommendations

The North and South should work together to achieve the goal of sustain-
ability. The primary recommendations for how the North can help the
South are:

(1) The North should reduce its consumption to more sustainable levels.
Most importantly, there should be a transition toward the use of
renewable energy sources. This can be achieved with a combination of
carbon or nonrenewable energy taxes and tradable pollution permits.

(2) Northern countries should internalize the costs of disposal of toxics
and other wastes, rather than passing them on to low-income coun-
tries.

(3) The North should change current policies that harm the South, such
as underpricing of Southern exports.

(4) The North should review the debts of the South and conditionally
write them off based on environmental progress. Loans and grants
made for unsustainable purposes should be stopped. In addition,
socially and ecologically beneficial technologies should be made more
available to the South.

(5) Grants should be provided through the World Bank and other inter-
national organizations to encourage environmental investments in the
South, including grants to support investments that promote mainte-
nance of the biophysical infrastructure.

(6) The North should be directly involved in alleviating Southern poverty,
rather than relying on the trickle-down approach.

(7) The South should be encouraged to pursue policies of population sta-
bilization, transition to renewable energy, human capital formation,
job creation, and direct poverty alleviation.
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Summary of

International Assistance: 
A Problem Posing as a Solution

by David C. Korten
[Published in Development 3/4 (1991): 87–94.]

A common measure for assessing the aid performance of high-income
countries is the total aid given as a proportion of GNP. The accepted tar-
get among international agencies is currently 0.7%, although in 1988 the
actual average for OECD countries was only 0.36%. The prevailing assump-
tion is that more is better. However, despite total aid levels reaching $60
billion in 1988, as we enter the fourth official United Nations Develop-
ment Decade we are confronted with several harsh realities: more people
live in desperate poverty now than ever before; environmental destruction
has reached crisis proportions; the number of economic and environmental
refugees is increasing; and many southern economies are saddled with
debilitating debts. Something is terribly wrong, and official assistance is not
fixing it.

Growth—Solution or Problem?

Most development strategies are driven by the underlying premise that the
central task of development is to increase output. Growth is viewed as the
key to creating jobs for the poor and generating surplus to clean up the
environment and control crime and violence. Unfortunately this logic
seems flawed. The Worldwatch Institute calculates that global production
has increased four-fold since 1950, with no measurable impact in terms of
reducing poverty, stabilizing the environment, or eliminating the causes of
violence. The reasons for this can be readily identified:
(1) increased output increases strains on the environment;
(2) when economic and political power are already concentrated, increases

in wealth tend to flow to the already wealthy; and
(3) treating labor as a commodity forces people to place impersonal

employment above all else, with negative implications for family, com-
munity, and culture.

In the 1980s we have begun to confront the ecological limitations on this
approach, not so much in terms of oil or mineral resources supplies as in
terms of the limits on both the demands we can place on water and soil sys-
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tems and on the disposal of wastes in the air, water, and soils. We have com-
pleted the transition from an open, frontier system to a closed, zero-sum
system; we can no longer treat the earth’s ecological system as an expand-
ing pie. Today, one person’s increase in wealth comes at the expense of
another’s impoverishment. To complicate matters further, at this same time
a new institutional force has been created: the transnationalization of capi-
tal. This force transcends the state and threatens the ability of people to
control their own affairs and to demand accountability from the state.

Many of the official international development agencies have been
instrumental in bringing about these processes of change, steadfastly pro-
moting growth as the solution to global problems. They continue to fund
large projects that displace the poor and destroy the ecosystem in order to
enable the more privileged to expand their consumption, and they perpet-
uate the South’s ecological subsidies to support the North’s unsustainable
overconsumption. Created to serve such a growth-centered development
vision, these institutions have been reluctant to challenge the basic premises
of that vision, because to do so would challenge their legitimacy and
acknowledge that their very existence may be part of the problem.

Sustaining Overconsumption

The industrial nations, with roughly 20% of the world’s population, con-
sume two-thirds of the world’s important metals and three-fourths of the
world’s energy. Their economies are overwhelmingly responsible for the
pollutants that are depleting the ozone, causing acid rain, producing green-
house warming, and otherwise threatening the global ecosystem. Northern
lifestyles depend upon the South both for extraction of a disproportionate
share of its mineral and ecological resources and for absorption of a dis-
proportionate share of the wastes. This North–South expropriation is a
component of many development projects subsidized and managed by
development assistance. As the poor are evicted to make room for indus-
trial parks, power plants, and commercial agricultural, timber, or fishery
projects, their welfare is sacrificed to benefit those already better off. Fur-
thermore, the debt taken on by the South to finance these projects allows
the North to dictate economic policies to the South. Southern poverty is
therefore not the consequence of inadequate charity from the North but a
result of the North’s expropriation of its ecological surplus.

The market is a powerful force of both technological and economic
progress, and of political pluralism. However, when unrestrained, market
forces can become destructive and oppressive; they must be balanced by the
power of the state and of civil society. Unfortunately, the fall of the com-
munist regimes has strengthened the position of the ideological extremists
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who advocate all power to the market, and the international institutions
have followed this trend. In addition, the market itself is changing, as firms
become increasingly remote from the communities in which they function,
and transnational corporations move ever further beyond the reach of
national governments and civil power. These trends erode the legitimacy of
laissez-faire capitalism.

Even those few nations that have experienced a degree of success in
achieving economic development by pursuing export-oriented strategies—
specifically Japan, South Korea, and Taiwan—are not the free market mir-
acles that they are often touted as. In fact, they all began by implementing
radical land reform, while accepting substantial government guidance and
protection to shape their economic growth trajectories. Even so, they are
confronting real difficulties today with respect to the sustainabilty of their
economies. The international assistance agencies continue to push free
market strategies on developing nations, emphasizing production for global
markets and dismantling trade barriers. However, this is not the path trav-
eled by the Asian examples cited above; rather, in pursuing these policies,
the agencies are aggressively aligning themselves with the interests of
transnational capital.

Whether or not international assistance contributes to self-sufficiency
depends in large part upon the discipline with which it is used by the recip-
ient. Assistance applied appropriately can boost productivity in ways that
enhance local control and self-reliance. Where discipline is lacking, how-
ever, assistance is more likely to produce profits for suppliers and contrac-
tors, subsidize the expropriation of resources, aid capital flight, mask eco-
nomic mismanagement, and make governments dependent on foreign
interests. Under these conditions, aid is often counterproductive.

International Cooperation: Agenda for the 1990s

The days of international assistance via capital transfers have passed. We
cannot buy our way out of the current global crisis. Most of the conven-
tional assistance organizations have become a problem posing as a solution,
actively blocking more constructive approaches to these problems. It is
time to sharply reduce their roles and to consider the possibility that many
of them ought to be eliminated. We must come to terms with global reali-
ties and learn to live in constructive balance with the earth’s ecology,
achieving a semblance of economic justice and bringing the forces of
transnational capital under human control.

The essential task is to reduce the flow of environmental resources from
the South to the North so that they may be used to improve the South’s
quality of life. To accomplish this, Northern lifestyles must be brought into
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line with ecological realities. This effort must be accompanied by negotia-
tions to substantially reduce the current debt burden and to begin holding
transnational capital accountable. This is no small task, and it will require
an enormous investment of intelligence and personal energy to make it
happen. One of the major challenges of the current decade will be creating,
strengthening, and shaping appropriate institutions to become a support
system for global development and cooperation.

Summary of

The Case for Free Trade
by Jagdish Bhagwati

[Published in Scientific American 269 (November 1993): 42–49. Summarized with
permission from Jagdish Bhagwati, “The Case for Free Trade.” 

© 1993 by Scientific American, Inc. All rights reserved.]

Economists are disconcerted by the opposition—at times illogical and
disregarding the facts—expressed by environmentalists to both free trade
and the General Agreement on Tariffs and Trade (GATT). The disagree-
ments between economists and environmentalists on the issue of free trade
are perhaps inevitable, as there are clearly times when seeking maximum
gains from trade conflicts with environmental protection objectives. Con-
flicts also arise because trade typically functions through open markets
without government intervention, but for environmental protection to
occur governments must often intervene to create special markets. An
underlying philosophical difference also arises because environmentalists
assert nature’s autonomy, while most economists see nature in the service
of humankind.

While some of the concerns of environmentalists are valid, others are
baseless. For example, the fear that free trade must increase growth and
growth harms the environment is baseless. In reality, growth enables gov-
ernments to raise the taxes needed to support many government activities,
including protection of the environment. Growth can increase both the
demand for a good environment and the level of pollution. The net envi-
ronmental effects therefore depend on the kind of growth. Gene M. Gross-
man and Alan B. Krueger1 found that sulfur dioxide pollution fell as per
capita income rose in cities around the world, except in areas where per
capita income was less than $5,000. In addition, rising incomes and freer
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trade enable countries to import pollution-fighting technologies available
elsewhere.

The genuine conflicts between economists and environmentalists are
divided into two categories of environmental issues by economists: prob-
lems that are intrinsically domestic, and those that are transnational. The
first category includes environmental problems for which the causes and
effects arise wholly within a country, while transnational environmental
problems occur when the causes or effects cross national boundaries. Some
of the most important examples of transnational problems include acid rain
and global warming.

Domestic environmental problems create international concern because
differences in environmental standards can affect competitiveness. Business
and labor unions worry that countries with lower environmental standards
may gain a competitive edge, and so they insist that these standards must
be raised. Environmentalists fear that if countries with lower standards do
not increase them, then standards may be lowered in high-standard coun-
tries so that they can remain competitive. Environmentalists also view lower
environmental standards in other countries as unfair subsidies, or “social
dumping,” and call for import duties to be levied on goods from these
countries.

Environmentalists should realize, however, that even if two countries
have the same environmental objectives they might attack different specific
types of pollution. Different countries may also value environmental goods
differently. The main consequence of different environmental standards
and values is that each country will have less of those industries whose pol-
lution it does not like. Since these are legitimate differences, trying to cor-
rect for different standards through import duties is not a logical or desir-
able approach. One step that might be taken, however, is for high-standard
countries to insist that their industries maintain these standards even when
they relocate abroad.

Environmentalists also oppose free trade because they wish to impose
their values on other countries. For example, they have demanded that the
United States impose sanctions on Mexico based on Mexico’s use of purse-
seine nets (which kill dolphins) for tuna fishing. Such sanctions put the
interests of dolphins ahead of those of the Mexican people. Also, once value
systems start to intrude on free trade, there will be a never-ending stream
of similar demands. The militant environmentalism being imposed on the
South has led to accusations there that the North is indulging in “eco-
imperialism,” when in fact the North has the most adverse impacts on the
environment. Rather than attempting to restrict free trade, environmental-
ists should use other methods, such as lobbying countries with inadequate
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environmental standards or organizing private boycotts of commodities
from these countries.

Transnational problems require cooperative, multinational solutions that
are both efficient and equitable. Any nation that is unwilling to join a mul-
tilateral environmental protocol must be given a chance to air their objec-
tions before trade sanctions are imposed. Promoting free trade and a pro-
tected environment simultaneously does pose problems, but none that are
beyond resolution with goodwill and imaginative institutional innovation.

Note
1. Gene M. Grossman and Alan B. Krueger, “Environmental Impacts of a North

American Free Trade Agreement,” in The Mexico–U.S. Free Trade Agreement, ed.
Peter M. Garber (The MIT Press, 1993).

Summary of

The Perils of Free Trade
by Herman E. Daly

[Published in Scientific American 269 (November 1993): 50–57. Summarized with
permission of Herman E. Daly, “The Perils of Free Trade.” 

© 1993 by Scientific American, Inc. All rights reserved.]

The consensus among economists is that free trade based on interna-
tional specialization is good, unless proven otherwise in specific cases. This
article questions this consensus and argues that, as a general rule, countries
should favor domestic production for domestic markets. Trade can be used
when convenient, but not at the risk of environmental and societal disaster.

Economists are sometimes represented as being for free trade and envi-
ronmentalists as being against it, but this characterization does a disservice
to the issue. The real question is what regulations and goals are legitimate.
Free traders favor maximizing output and profits, without considering the
hidden social and environmental costs. They argue that the damage that
results from growth can be dealt with using the wealth it generates. Envi-
ronmentalists and some economists, on the other hand, believe that the
environmental costs of growth are increasing at a faster rate than the ben-
efits, thus making us poorer when growth occurs, not richer.

The rationale for free trade rests on the notion of comparative advantage
that was formulated in the nineteenth century by British economist David
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Ricardo. Ricardo argues that different countries with different technolo-
gies, customs, and resources will have different costs to produce the same
product. Therefore, if each country produces goods for which it has com-
paratively lower costs and trades with others, then all parties will benefit.
Ricardo assumed that capital was immobile across countries, but this is no
longer true. In fact, free traders encourage a policy of capital mobility as a
development strategy, but their argument is based on a theory that assumes
that capital is not mobile.

When countries specialize, they no longer have the option not to trade,
so they become locked in to free trade. This loss of independence can be a
liability. Specialization also leads to a reduction in the occupational choices
available in a country. Therefore, while diversity does lead to some reduc-
tion in efficiency, it is necessary for strong communities and nationhood.
Proponents of free trade completely ignore the community dimensions of
welfare. In addition, if high subsidies for the energy-intensive transporta-
tion costs associated with international trade are factored in, then the gains
from trade are even lower.

However, there are arguments against the free trade approach that are
even more fundamental than those described above, including problems
with respect to efficient allocation of resources, fair distribution of
resources, and maintenance of a sustainable scale of resource use. Trade
leads to inefficient allocation of resources on a global scale because it
encourages trade with nations that do not internalize their costs. For exam-
ple, competition can lower costs by lowering standards rather than by
increasing efficiency, as when companies move into nations with lower pol-
lution control standards, lower worker safety standards, etc. One solution
to this problem is for nations that do internalize their costs to impose tar-
iffs on those that do not.

Problems of resource distribution arise because when capital moves from
high-income to low-income countries it reduces wage levels in the high-
income countries and increases income inequality there. Meanwhile, the
tendency for wages to increase in the low-income countries due to capital
inflows is thwarted by overpopulation and rapid population growth. Other
groups in low-income countries may also suffer due to the effects of trade;
for example, Mexican peasants will be the losers when low-price corn enters
Mexico from the United States as a result of NAFTA.

The third fundamental problem with the free trade argument has to do
with the goal of a sustainable scale of total resource use. The steady-state
economic paradigm suggests that the economy is an open subsystem in a
finite, nongrowing ecosystem. There is thus an optimal level of throughput
for the economy, or in other words, there must be limits to economic
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growth. Free trade increases the growth of the economy, and therefore
throughput increases as well. Moreover, free trade allows a country to
exceed the regenerative and absorptive capacities of its ecosystem by
“importing” these capacities, and it also makes comparisons of the costs
and benefits of environmental exploitation difficult because they will be
spatially separated. This will result in economies overshooting their optimal
scales and postponing the day when they must face ecological limits.

For all of these reasons, the stance in favor of free trade should be
reversed. If it is not, then we are headed for national disintegration.

Summary of

Trading Off the Future: Making World Trade 
Environmentally Sustainable1

by Paul Ekins
[Published as a pamphlet of the New Economics Foundation,

London, United Kingdom, September 1993.]

“Globalization” is one of the most significant trends of our times and can
be seen in almost every facet of human life. Perhaps this trend is most
clearly visible with regard to the economy. World trade increased eleven-
fold between 1950 and 1990. This increase is twice as fast as world prod-
uct, which increased only five-fold during the same period. A principal
actor in world trade is the large transnational corporation. The turnover of
the world’s 100 largest corporations now exceeds the GDP of almost half
of the countries in the world. No less significant has been the trend of the
degradation of the global environment, which is a result of much of this
economic activity. In the context of these changing conditions, interna-
tional trade is currently being rethought and restructured. Paramount in
this thinking should be the relationship between trade, environment, and
development.

Basic Trade Theory

In most recent discussions of international trade, free trade has been incor-
rectly assumed to be an unequivocally superior choice, regardless of the cir-
cumstances involved. A reexamination of basic trade theory, however,
reveals that current discussions of the superiority of free trade are more
dogmatic then scientific.
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The theory of trade originated with the nineteenth century classical
economist David Ricardo. The principal tenets of his theory were based on
the distinct notions of specialization and comparative advantage. Individu-
als, firms, and nations all have the choice to produce smaller quantities of a
diverse array of goods, or to specialize in the production of greater quanti-
ties of a few goods that they produce well (because of talent, geographic
location, economies of scale, historical circumstances, etc.). With special-
ization, surpluses of the goods can be traded for those goods that either
cannot be produced or that are not produced because of specialization.
Thus, specialization tends to increase the number, variety, and value of
goods and services. Lower overall costs of production in some area may be
said to give a country an absolute advantage in that area; however, it is not
necessary for a country to have an absolute advantage in any area for it to
benefit from trade. The theory of comparative advantage suggests that, in
a situation with two countries and two goods, if each country chooses to
specialize in the production of that good which has the greatest relative
cost advantage compared to another country, then both countries will gain
from trade between them. This conclusion is held to be valid for multi-
good, multi-country situations.

The theory of comparative advantage rests on assumptions which in-
clude:

(1) No externalities: If costs of production are externalized, a product will
be underpriced and appear to have more of a comparative advantage
then it really does.

(2) Stable prices: Several countries may assume that they have a compara-
tive advantage in a certain good and increase its supply substantially.
However, if demand for these goods is inelastic, the market could be
“flooded” and prices would fall, changing the distribution of compar-
ative advantages.

(3) Equally dynamic comparative advantages: Some types of production
have more dynamic comparative advantages than others, for example,
production of chemicals versus bananas. Countries with less dynamic
comparative advantages (banana producers) may not be able to exer-
cise much range in innovation and could become “locked into eco-
nomic stagnation” and inequality.

(4) International immobility of factors of production: Inherent in Ricardo’s
theory is the assumption that a country’s capital and labor will stay
within its borders to produce according to the country’s comparative
advantage. If they become mobile, trade will increasingly be based on
absolute rather than comparative advantage. In the effort to remain
competitive, countries will experience pressure on wages, environmen-
tal laws, and working conditions.



308 Part VI. International Economic Relations, Development, and the Environment

What Gains from Trade?

The gains from trade occur because countries specialize in production and
trade according to their comparative advantage, which increases the total
volume of goods to be consumed. However, several qualifications are nec-
essary with regard to this extra product and the benefit it yields. To begin
with, in less-industrialized countries a large amount of subsistence produc-
tion and consumption occurs. When subsistence production, which is not
accounted for in economic accounts, is shifted to production for trade,
which is included in these accounts, a false amount of gain is perceived;
“the actual gain is the traded product less the subsistence product it
replaced.”[3] Second, increased consumption does not necessarily improve
social welfare. Gains from trade should be related to social welfare functions
before any welfare determinations are made. Third, the gains from trade are
unequally divided. It cannot be assumed that those who lose will be com-
pensated; the stronger trading partner may set the terms of the exchange,
leaving the weaker with few gains from trade. Lastly, specialization can lead
to dependency. For example, the demand for a specialized exported prod-
uct could decrease, but a shift to domestic production may be costly. More-
over, production for export is often dependent on external financing.
Repaying the high foreign debt that results often requires structural adjust-
ment programs, which in turn require more export-led activity. Rather than
exporting to meet domestic needs, countries may be forced to export in
order to repay debt, making it even harder to shift production to meet
domestic needs should this become desirable.

The Reality of Trade

It is clear than many of the assumptions underlying the theory of compar-
ative advantage currently do not hold. The level of unaccounted environ-
mental degradation indicates that externalities abound. With regard to the
second and third assumptions, i.e., stable prices and equally dynamic com-
parative advantage, the UNCTAD Secretariat has reported that:

The price index of principal non-fuel commodities exported by develop-
ing countries fell by a staggering 50% in real terms between 1979/81 and
1988/90. . . . The main reason for these price declines is over-supply of
almost all commodities due to productivity improvements and export sub-
sidization especially in developed countries, and to increased production
in developing countries prompted by debt-service obligations and struc-
tural adjustment efforts. There has also been a fall in demand for some
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commodities as consumers move to synthetics or technologies that need
fewer commodity inputs.2

Concerning the last assumption, the international mobility of factors of
production, although labor has not been very mobile, capital mobility has
never been greater than today.

Trade in the real world is increasingly based on competitive advantage in
the market, with results which diverge significantly from the classical the-
ory of comparative advantage, whereby the strong get stronger at the
expense of the weak. Instead of prosperity, the weak’s experience of
increased trade has often been low commodity prices, poor terms of trade,
high debt service, protected Northern markets, and an increasingly
degraded environment. The North is also affected as unemployment and
underemployment in the South put pressure on wages worldwide. There is
a danger that trade will increasingly become a “zero sum game” rather than
the “positive sum game” of traditional trade theory.

Trade and Environment

Trade institutions have long ignored the linkages between trade and the
environment. Recently this linkage has been recognized, but trade propo-
nents tend now simply to claim that free trade will cause more economic
growth, which will in turn increase the demand for environmental protec-
tion and provide more resources to fund such protection. This benign out-
come is, however, unlikely, for several reasons. First, economic growth cre-
ates more absolute environmental damage. Second, in many cases the
additional resources that could be allocated for environmental protection
are not in fact so allocated. Third, much environmental degradation cannot
be repaired. Fourth, countries with comprehensive environmental protec-
tion will experience increasing pressure to reduce this in the name of com-
petitiveness.

David Pearce has argued that externalizing the cost of environmental
damage is actually a subsidy that is as economically distorting as any
financial subsidy.3 But for environmental externalities to be treated as
such would require major changes in GATT’s trading rules. In addition,
trade is dependent upon transportation for its existence. It has been esti-
mated that trade accounts for nearly one-eighth of world oil consump-
tion, which is a major cause of environmental degradation. Again, if this
degradation were internalized, trade—and indeed entire systems of pro-
duction and consumption—could look radically different. Finally, changes
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in property rights due to trade may be among its most important envi-
ronmental effects. For example, when land is primarily used for subsis-
tence crops, small farmers and indigenous people are usually left undis-
turbed. However, when land can be used for export production to generate
cash, pressure to expropriate it increases. The original owners may then
migrate to and cultivate marginal land, causing enormous environmental
degradation.

Trade can also contribute to improving the environment in some cases.
If consumers demand products that are environmentally benign, some
countries will produce or import such goods for competitive reasons. More
empirical research is needed to reveal how trade actually affects the envi-
ronment in the long run. Without this understanding, uncritical support
for trade is as dangerous as its uncritical rejection.

Toward Sustainable Trade

The notion that the global environment is at risk is an almost undisputed
fact. If the international trade regime were to suddenly collapse, much
hardship would certainly result, but a collapse of the world’s environmen-
tal systems would be much worse. It is in this context that policies should
be devised to make trade (and economic activity in general) environmen-
tally sustainable.

Many trade theorists and the GATT Secretariat have argued that the best
way to address domestic environmental degradation is through domestic
policy. This is correct in principle; however, such policies may not be polit-
ically feasible given the increased pressures of international competition.
Comprehensive environmental protection may only be politically feasible if
trade policies protect domestic industries from foreign competitors with
lower environmental standards. It has also been argued that international
treaties are the best way to approach global environmental problems, but
such treaties are very difficult to ratify and enforce. Trade policies have an
important role in overcoming these difficulties.

It will not be easy to adapt the world’s trading rules to promote sustain-
able development. In any negotiations to do so, other North/South issues
will play a large role. Many Southern countries fear that measures in the
area of sustainable development in GATT negotiations are yet another
avenue for trade discrimination against the South, where many of the worst
effects of environmental degradation occur. In addition, environmental
protection regulations could impose higher short-term costs which many
Southern countries cannot absorb. With these considerations in mind,
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Arden-Clarke has advocated recycling revenue from environmental tariffs
on goods from developing countries back to those countries to provide
funds for improving the environmental sustainability of their economies.4

Finally, it should be realized that the present highly integrated world
economy dominated by transnational corporations bears little relation to
the world economy of the 1960s, in which GATT’s rules originated. Mod-
els of perfect competition have even less relevance now than then. The
world needs to create a trading system that is predicated on civil, political,
economic, and social human rights, as well as social justice and environ-
mental sustainability.

Notes
1. This article is adapted from the introductory article to a special issue:  Paul

Ekins, Carl Folke, and Robert Costanza, “Trade, Environment and Development:
The Issues in Perspective,” in Ecological Economics 9 (January 1994): 1–12. 

2. UNCTAD, “Commodities: A Struggle to Survive,” paper UNCTAD/
PSM/CAS/380/ADD.12, UNCTAD, Geneva, 1992, 1; cited by Ekins, 4.

3. David Pearce, “Should the GATT be Reformed for Environmental Reasons?”
CSERGE Working Paper GEC 92-06, CSERGE, University of East Anglia/Uni-
versity College London, 1992, 21 and 29–30.

4. C. Arden-Clark, International Trade, GATT and the Environment (Gland,
Switzerland: World Wide Fund for Nature, 1992).

Summary of

Development, Poverty and the Growth 
of the Green Movement In India 
by Jayanta Bandyopadhyay and Vandana Shiva

[Published in The Ecologist 19 (May/June 1989): 111–117.]

In precolonial times economic processes in India did not cause serious
environmental problems. The arrival of the British, however, resulted in
major changes in natural resource use, as resources were increasingly used
to meet demands in Western Europe. Resources such as water, forests, and
minerals, which had traditionally been part of the commons, now came
under the control of the British; peasants were forced to cultivate indigo
and cotton, forests were felled to promote ship building and to meet the
requirements of the expanding railway network, and control over water
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resources was monopolized. These changes resulted in new forms of
poverty and deprivation, and in local protests as people sought to regain
control over their resources.

Gandhi: Exploding the Myth of Resource-Intensive
Development

The end of colonial rule saw the control of natural resources transferred to
the new, politically independent state. However, the institutions set up
under the colonial system to control natural resources did not change as the
state pursued the goal of “economic development” in the name of meeting
the basic needs of local people. That the nature of these institutions and
their ideological underpinnings made them unsuitable for meeting this new
goal was not seriously considered. Gandhi warned, however, that if India
followed a Western industrial pattern of economic exploitation of natural
resources, the consequences could be disastrous. He advocated a resource-
prudent development strategy to meet the basic needs of the Indian peo-
ple. However, his call was ignored, due in part to pressure on the newly
independent nation to develop, and in part to the fact that natural resource
parameters were not included in the framework of conventional economics.

The educated elite have been the main beneficiaries of economic devel-
opment, while the mass of people have experienced increasing poverty. The
natural resource base has been exploited and degraded to support the
urban enclaves where commodity production is concentrated. For example,
the revenues of commercial forestry companies have increased through
expanded production of timber and pulpwood, but this has had detrimen-
tal effects on those people who are dependent on other forest products
such as leaves, twigs, fruits, nuts, medicines, oils, etc. Destruction of the
forests has also affected climate patterns, with adverse impacts on agricul-
tural production. One response to this ecological destruction and environ-
mental deprivation has been the initiation of a new politics by ecology
movements to protect the interests of minorities, including women, tribals,
and poor peasants.

Ecology Movements and the Development Process

The number of ecology movements in India has increased both as a
response to threats to the survival of local people, and in order to demand
the conservation of vital life-support systems, including clean air, water,
forests, and land. These movements are present throughout the country,
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and they have opposed the exploitation of forests and mineral resources and
the construction of dams that have detrimental ecological consequences.
Though these movements are of local origin, their impacts are both
national and global. This micro–macro connection results from the exis-
tence of “two Indias”—one that is poor and less powerful, and the other
rich and powerful—competing for limited quantities of natural resources.
The ecology movements are bringing the inherent injustice in the present
process of development to the forefront, and they are attempting to redi-
rect the development process in favor of those demanding a right to sur-
vive. This new process seeks to ensure justice with sustainability and equity
with ecological stability. These movements question not only the impacts
of individual projects, but the very foundations—political, economic, sci-
entific, and technological—of the existing development paradigm as well,
as they seek to create a new economics for a new civilization.

A linear view of progress, with origins in the eighteenth and nineteenth
centuries, underlies the dominant development paradigm. This view, best
articulated in Rostow’s “stages of economic growth,” equates development
with economic growth, market economies, modernity, and consumerism,
while non-market economies are equated with backwardness. However,
productivity—in the sense in which it is used in the dominant paradigm—
comes at the cost of environmental deterioration and declining resource
productivity. In Rostow’s framework, the first stage of economic develop-
ment consists of traditional society, while the second stage is seen as a tem-
porary coexistence of the “dynamic and progressive” modern sector and
the “stagnant and backward” traditional sector. Rostow’s third “take-off”
stage envisions a breaking down of “old blocks and resistances” and the
spread of the modern sector throughout society. The problem with this
view of development is that inherent in it is an internal dynamic by which
the impoverishment of the traditional sector is necessary to pay for the
material basis of the modern sector. The underdeveloped sectors are not
those that are yet to be affected by economic growth but rather those that
pay the economic and ecological costs of growth, while others benefit.

The dominant paradigm has paid attention to the use of natural resources
for commodity production and capital accumulation, while neglecting the
processes responsible for regenerating natural resources. The neglect of two
vital economies—the economy of natural resources and natural processes,
and the economy of survival—has resulted in ecological destruction and
threats to human survival. Ecology movements in the Third World are a
reaction to these threats, which have been caused by expansion of the mar-
ket economy.

It is naive to view the critique of the market economy as a critique of all
forms of intervention in nature, but neither can the solutions to current
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ecological and environmental crises be found either by following the same
strategies of growth that gave rise to the crises in the first place, or by sim-
ply adding an environmental aspect to the old development process. Eco-
logical and economic crisis should not be seen as separate. The emerging
ecology movements are set on a path of improving living standards without
undermining ecological stability; implementing a new holistic development
process will be their major task.

Summary of

Third World Development and Population
by Martin W. Lewis 

[Published in Martin W. Lewis, Green Delusions: An Environmentalist Critique 
of Radical Environmentalism (Durham, North Carolina: 

Duke University Press, 1992): 191–241.]

Economic development and population growth are of essential concern
to environmentalists. In those areas of the Third World where countries are
experiencing rapid industrial expansion, there is evidence that air- and
water-borne toxins are being generated at enormous rates, and that they are
being disposed of far more carelessly than in the North. Meanwhile, in the
least developed countries, population growth is exerting dangerous pres-
sure on the carrying capacity of the ecosystems and producing widespread
desertification and deforestation. In both cases the ecological problems are
severe. There is a crucial paradox in that the very development deemed nec-
essary to alleviate misery and poverty in the Third World by elevating con-
sumption levels to those enjoyed in the North simultaneously has appalling
ecological consequences. As a result, radical greens argue that the pattern
of development in the South today must be quite different from that which
occurred in the First World.

For and Against Development

The most extreme eco-radicals casually dismiss the very concept of devel-
opment as one that constitutes an enormous threat to the environment and
to society at large. The majority of eco-radicals, however, realize that a
return to tribal subsistence is impossible. Moreover, much overgrazing and
deforestation occurs precisely because so many in the Third World are so
poor. The most common eco-radical position is therefore that Third World
environments can only be preserved if poverty is alleviated through partic-
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ular kinds of development initiatives. The challenge, then, is to develop
environmentally benign methods of improving living standards, i.e., to pur-
sue the path of eco-development.

The tenets of eco-development follow directly from the propositions of
deep ecology: development should be based on small-scale projects, admin-
istered locally, and governed through participatory democracy. Communi-
ties would be better off in every sense if they simply bypass modern indus-
trialization, focusing instead on local crafts and manufacturing using locally
appropriate technology. Production should be for subsistence rather than
for global exchange, and it should be aimed at achieving bioregional self-
sufficiency and severing links with the global economy.

The eco-development approach has roots in dependency theory. It is
based in part on the idea that the development of the North was a direct
product of the colonial imperialist exploitation of the Third World, a pro-
cess that simultaneously underdeveloped these colonized areas. The econo-
mies of the First and Third Worlds are therefore systemically linked in such
a way that the ongoing prosperity of one is structurally dependent upon the
impoverishment of the other. From this perspective, the industrialized
economies are doubly objectionable, as they are based upon both the rapa-
cious and unsustainable consumption of natural resources and upon the
unconscionable exploitation of the land and peoples of the Third World.
Development in the Third World along these traditional lines is therefore
impossible. Investments in agricultural and industrial schemes will fail to
generate a take-off into independent development even as they strain the
environment.

Different perspectives on population growth also divide environmental-
ists into several camps. To many, it is the most troubling problem. Every
gain in pollution control or habitat protection may be outweighed by the
effects of population growth, and the earth is in danger of being suffused
in a Malthusian nightmare. Writers who share this view tend to advocate
relatively coercive population control measures as the solution, although
radical greens of a more leftist bent tend to discount these sorts of argu-
ments. However, the focus on population as the source of poverty and envi-
ronmental degradation obscures the true underlying systemic causes; the
real culprits are market production, Northern exploitation of the South,
and overconsumption by the North.

From Eco-Development to Sustainable Development

Though many ecologists continue to cling to the views discussed above,
they have increasingly come to question the feasibility or desirability of the
eco-development approach. They recognize that such severe tactics will
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neither produce genuine development nor be politically feasible. The
approach promotes unrealistic eco-panaceas amidst the very real and imme-
diate grinding poverty of billions in the Third World. Moreover the single-
minded, anti-industrial focus on small-scale development will not necessar-
ily ease environmental pressures.

The concept of sustainable development has therefore emerged as a
means to unite the concerns of both ecologists and Third World develop-
ers. The basic premise of sustainable development is that economic growth
must never undercut the productivity of the natural ecosystem. From this
perspective, rapid economic growth is possible provided it is accompanied
by a rapid reduction of energy and raw material inputs per unit of produc-
tion.

Most writings by sustainable development advocates tend to focus on
rural problems and small-scale programs targeted at the needs of rural peas-
ants. As a consequence, crucial urban issues have been systematically
neglected. This neglect arises from the mistaken impression that cities can
only be treated as part of the problem, because they are seen as both unin-
habitable hells for those that must reside in them and as threats to the envi-
ronment due to the wastes of millions of people and numerous industries
that befoul their air and water. Ironically this view ignores one central envi-
ronmental benefit of cities, especially given the critical population pressures
that confront many Third World countries: urbanization can ease land pres-
sures in the countryside, thus reducing rates of deforestation and desertifi-
cation while helping to preserve habitats and biodiversity. This is not to say
that urban environments are not appalling and dangerous in many devel-
oping nations but these problems are not insuperable; the city of London
was once an environmental disaster but development and planning have
rendered it a pleasant urban habitat. Urban problems may result more from
underdevelopment than from overurbanization per se.

Once it is acknowledged that cities have their place, then industrializa-
tion must be given its due as well. The anti-industrial bias of many eco-rad-
icals is a legacy of the earlier dependency theory perspective. However, they
have clung to the early simplistic arguments of dependency theory, evi-
dently unaware that substantial revision and reformulation of ideas has
occurred even within that school. There is now a more broad-ranging dis-
cussion and debate about issues of development and progress. While
exploitative relations between the North and South undoubtedly exist, it is
now recognized that the dependency model, particularly in its simplest ver-
sion, fails to describe reality. The emergence of the NICs testifies to the
possibility of industrial development in the Third World and the fact that
this development can alleviate poverty. Industrial development is therefore
a necessary part of the transformation process. This is not, however, to min-
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imize the environmental problems of industrial production. Both industri-
alized and industrializing nations confront monumental problems of
resource use and waste generation. One of the tasks of sustainable devel-
opment, then, must be to address these legitimate concerns.

While population growth clearly does not threaten us with the immedi-
ate Malthusian catastrophe envisioned by many, it remains a serious prob-
lem. A rapidly growing population clearly poses staggering strains on any
economy. With population growth rates approaching 3–4% in many devel-
oping countries, economic growth must also achieve at least this pace just
to maintain current standards of living. The infrastructure and educational
needs of a burgeoning population can exceed the capacity of a developing
economy to service them. Population stabilization is also essential to main-
tain biotic diversity. Population control therefore remains a crucial part of
sustainable development programs, but population growth is not the pri-
mary cause of today’s problems. Pollution and resource depletion are still
primarily attributable to the wealthy societies, not to developing countries,
even with their high birth rates.

Most radical greens are on shaky ground when they enter the Third
World. They desperately desire to solve the devastating problems of poverty
in the Third World, yet they advocate programs and policies that preclude
genuine development.

Summary of

Radical American Environmentalism and Wilderness
Preservation: A Third World Critique

by Ramachandra Guha
[Published in Environmental Ethics 11 (Spring 1989): 71–83.]

This article critiques the deep ecology movement and argues that, despite
its claim to universality, it is a uniquely American phenomenon.

The Tenets of Deep Ecology

While there are political and philosophical differences among deep ecolo-
gists, there are four defining characteristics of the movement:
(1) Deep ecology argues that the environmental movement needs to shift

from an “anthropocentric” to a “biocentric” perspective. Anthropo-
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centrism is thought to be at the core of Western society and many of
our current environmental problems, and others such as “shallow ecol-
ogists” are criticized for continuing to frame arguments in human-cen-
tered terms. There is also a belief in the intrinsic value of preserving
nature quite apart from the benefits it would bestow on humans.

(2) Deep ecology focuses on “the preservation of unspoilt wilderness—
and the restoration of degraded areas to a more pristine condi-
tion.”[73] This obsession with wilderness follows logically from the
biocentric world view described above. Scientifically, preservation of
wilderness is supported on the grounds that it maintains a gene pool
for future generations.

(3) Eastern spiritual traditions are invoked as the forerunners of the deep
ecology movement, helping to strengthen its claims of universality.

(4) Deep ecologists see themselves as the spiritual, philosophical, and
political vanguard of American and world environmentalism.

Toward a Critique

Some critiques of the deep ecology approach include the following:

(1) The call by deep ecologists for a shift from an anthropocentric to a bio-
centric perspective should be welcomed. However, the radical conclu-
sions that they draw from this shift are unacceptable. Deep ecologists
argue that preserving biotic integrity should be the guiding principle
of intervention in nature, rather than human needs. However, focus-
ing on the anthropocentric–biocentric dichotomy sheds little light on
the true dynamics of environmental degradation, since the two major
ecological problems facing the world are overconsumption (by the
industrial economies of the West and Third World elites) and growing
militarization. These two problems are consequences of the interac-
tions between economic and political forces as well as individual
lifestyle choices; they cannot be explained in terms of the anthro-
pocentric–biocentric dichotomy. Blaming environmental problems on
anthropocentrism is therefore “at best irrelevant and at worse a dan-
gerous obfuscation.”[74]

(2) While the anthropocentric–biocentric dichotomy may be merely irrel-
evant, the focus on preservation of wilderness is actually harmful to the
Third World. For example, setting aside wilderness in India results in
a redistribution of resources from the poor to the rich. Project Tiger,
an internationally acclaimed program, displaced poor peasants who
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had been living in the areas around the new reserves. The initial impe-
tus for programs like Project Tiger came from members of the Indian
feudal elite and from organizations like the World Wildlife Fund,
which wanted to transplant the American system of national parks into
India. Until recently, environmentalism has been equated with wild-
land preservation, ignoring the environmental problems that affect the
poor, such as shortages of fuel, fodder and water resources, soil ero-
sion, pollution, etc. The deep ecology approach provides a justification
for such inequitable conservation practices.

(3) In invoking Eastern traditions to buttress their position, the deep ecol-
ogists lump together a number of complex and different traditions:
Hinduism, Buddhism, and Taoism. The philosophers of these tradi-
tions are identified as the forerunners of modern deep ecology. How-
ever, while it is true that thinkers in these traditions such as Lao Tzu
did reflect on the interactions between man and nature, the develop-
ment of their philosophies must be understood within the context of
the communities and societies of which they were a part. Their reflec-
tions were based on the active relationship between man and nature
within these communities, rather than “on a mystical affinity with
nature of a deep ecological kind.”[77]

(4) Deep ecology should be seen as a radical movement within the wilder-
ness preservation movement in America, but its radicalism is limited.
The movement for preservation of wilderness in America is an out-
growth of economic expansion; having met the earlier goals of attain-
ing necessities and conveniences, the national parks have been devel-
oped as the avenue for meeting newer aesthetic goals. In this sense, the
deep ecology movement parallels the consumer society and reflects the
coexistence of wilderness and civilization in America. By concentrating
on the preservation of wilderness, however, the deep ecologists do not
question the ecological and sociopolitical basis of the consumer soci-
ety. Equating environmental protection with the protection of wildlife
is a uniquely American phenomenon.

In contrast, the environmental movement in Germany (particularly the
Greens) finds the roots of the problem in industrial societies themselves,
and calls for limits to growth. Their prescription for ecological problems is
a change in cultural values, arguing for an ethic of renunciation and self-
limitation, with spiritual and communal values playing a bigger role in
social life. This view has a strong resonance in countries like India, where
industrial development has benefited only a small elite. The environmental
traditions in both Germany and India therefore emphasize equity and social
justice.
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A Homily

Concerns about overconsumption, efforts to develop ecologically benign
technologies, and opposition to a permanent war economy are all missing
from the deep ecology perspective. By highlighting the anthropo-
centric–biocentric dichotomy rather than concentrating on a synthesis of
appropriate technologies, alternate lifestyles, and peace movements, the
deep ecologists are doing American and world environmentalism a dis-
service.

Summary of

Environmental Change and Violent Conflict
by Thomas F. Homer-Dixon, Jeffrey H. Boutwell, and George W. Rathjens

[Published in Scientific American 268 (February 1993): 38–45. Summarized with
permission from Thomas F. Homer–Dixon, “Environmental Change and Violent

Conflict.” © 1993 by Scientific American, Inc. All rights reserved.]

Over the next fifty years, growth of both population and world output
will result in a sharp increase in the scarcity of renewable resources and a
degradation of natural and environmental resources. The University of
Toronto and the American Academy of Arts and Sciences commissioned
studies to collect data on the impact of environmental problems on civil,
social, and international strife. The studies suggest that scarcities of renew-
able resources are already contributing to violent conflicts, and this trend
will probably increase further in the coming decades.

Environmental problems can affect social stability both indirectly and
directly. Resource scarcity can contribute to social strife by altering the pol-
itics and economics governing resource use. In the face of scarcity, power-
ful actors may appropriate an inequitable share of resources. In addition,
when environmental degradation is irreversible, even enlightened social
change that removes the original political, economic, and cultural causes of
degradation may not help. Irreversible environmental degradation may
thus be an independent variable contributing to social strife.

Some claim that conflicts arising out of resource scarcity are nothing new,
as they have been occurring throughout history. However, the pace, com-
plexity, and magnitude of renewable resource scarcities in the next several
decades will be unprecedented. In addition, because of the complex, inter-
dependent relationships and linkages of renewable resources within ecosys-
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tems, sudden and unexpected problems can occur when they are rapidly
overexploited.

There are three principal ways in which human action can bring about
scarcity of renewable resources: (1) by using up natural resources at a rate
faster than they renew;  (2) through population growth; and (3) through
an inequitable distribution of resources within a society, resulting in scarcity
for the many. Specific cases are described below in which these three fac-
tors—singly or in combination—have resulted in environmental scarcity
and social strife.

Specific Cases

Bangladesh and India 
Population growth in Bangladesh has caused social strife in some adjoining
states of India, and it will continue to do so. The United Nations estimates
that by the year 2025 the population of Bangladesh will nearly double to
235 million people. At present, the population density is 785 people per
square kilometer, a number much higher than that in the adjoining Indian
state of Assam. The tremendous pressure on land in Bangladesh has caused
large migrations of people into Assam, changing the distribution of land
and economic and political power between different religious and ethnic
groups in Assam. These changes have generated serious social tensions in
the state of Assam, including the violent massacre of 1700 Bengalis in one
five-hour period. Similar tensions are felt in the Indian state of Tripura.
While religion and politics have contributed to the tension and violence, a
shortage of land due to the increasing population is at the root of the prob-
lems.

Senegal and Mauritania
The underlying causes of a conflict between Senegal and Mauritania can be
traced to increases in population and reductions in the quantity and qual-
ity of renewable resources. These factors led to a large-scale development
project that changed patterns of access to resources for the rich and poor,
thus causing social tension. Senegal has relatively abundant agricultural
land, but its quality has declined due to wind erosion, over-irrigation, and
intensification of agriculture. Mauritania is primarily arid or semi-arid
except for the Senegal River Valley (on the border with Senegal), which is
suitable for agriculture. The UN Food and Agricultural Organization has
projected that neither nation will be able to meet its population’s food
needs without large increases in agricultural inputs. The Manantali Dam
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project was designed to increase the agricultural and energy outputs in
Senegal and Mauritania. In anticipation of the project, land values increased
along the river, and the elite white Moors in Mauritania rewrote legislation
to strip black Africans of the right to farm, herd, or fish along the Mauri-
tanian riverbank. This struggle for resources resulted in tension between
Senegal and Mauritania, culminating in loss of life, destruction of property,
and deportations based on ethnic and racial considerations (blacks were
deported from Mauritania).

Philippines and Similar Cases 
In the Philippines, unequal access to resources combined with population
growth has caused environmental degradation. Insurgency and rebellion
have arisen due to economic deprivation caused by the environmental
degradation. While improved agricultural techniques have increased the
demand for labor, they have not kept up with population growth. There
has been downward pressure on agricultural wages and increasing rural
unemployment, resulting in mass migrations to urban centers, as well as
ecologically detrimental movement onto the hillsides. The lack of resources
for an increasing number of people has fueled a communist-led insurgency
and increased violence. This marginalization of the poor is not unique to
the Philippines; it can be seen all over the globe, including the Himalayas,
the Sahel, Indonesia, Brazil, and Costa Rica. Similar circumstances were
responsible for the “Soccer War” between Honduras and El Salvador, and
the decade-long civil war in El Salvador.

China 
The loss of renewable resources can make increasing numbers of people
dependent on government assistance, thereby overwhelming the adminis-
trative capacities of the Chinese state. Violent challenges to the state may
result as different factions seek to protect their interests and jockey for
power. Vaclav Smil suggests that environmental problems have had detri-
mental effects on productivity in many sectors. Crop yields are falling due
to the degradation of water, soil, and air that has been caused by erosion,
construction, and deforestation. Smil estimates the current losses to be 15%
of China’s gross domestic product and predicts that they will rise further.
He expects mass migrations from the northern and interior regions due to
scarcity of water, fuelwood, and land. All of these factors could lead to con-
flicts between different regions as they compete for scarce resources, thus
weakening the state.1

The Middle East 
Political instability as a result of water shortages is imminent in the Middle
East. Israel depends on aquifers in the West Bank to meet a substantial part
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of its water needs. To protect this source, the Israelis have limited the use
of water on the West Bank. Israeli control of Arab water use, as well as the
general water scarcity in the region, contributes to tensions there.

Conclusion

Some analysts have argued that problems arising due to environmental
scarcities can be avoided if proper incentive structures and the necessary
means are provided to alleviate them. They contend that it is not environ-
mental problems per se that are important, but the responses to them. The
research presented in this article neither supports nor opposes this view-
point. The research does, however, point to a strong link between scarcities
of renewable resources and violence.

Note
1. See Vaclav Smil, China’s Environmental Crisis: An Inquiry into the Limits of

National Development (M.E. Sharpe, 1993).

Summary of

Introduction—Global Commons: 
Site of Peril, Source of Hope1

by Neva R. Goodwin
[Published in World Development 19 (January 1991): 1–15.]

Since Garrett Hardin’s Tragedy of the Commons appeared in 1968, the
metaphor of the “commons” has been applied in a wide range of contexts.
Today we think of natural resources that we feel do or should belong to the
entire human race as the “global commons.” The global commons includes
the earth’s atmosphere, its oceans, frozen poles, forests, and the entire
genetic reserve. Humankind did not make these biophysical structures but
inherited them, and they may be referred to as the “global natural com-
mons.” The global natural commons are increasingly threatened by human
action that is based on self-interest. To help counter these problems within
the natural commons, we should turn to the “global human commons” for
solutions.

The global human commons refers to behaviors and motivations tending
toward “cooperation and sharing in the interest of pan-human, or even
biosphere-wide, welfare.”[2] The global human commons can be observed
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in institutions built and shared by all humans, including the world’s uni-
versities, the different branches of the United Nations, nongovernmental
organizations such as Oxfam America and the International Committee of
the Red Cross, and international financial organizations like the World
Bank and the International Monetary Fund. The global human commons
also includes international treaties for the benefit of all humankind, such as
the Law of the Sea, the Montreal Protocol, and the General Agreement on
Tariffs and Trade. The role of the global human commons is to regulate
access to the global natural commons in such a manner as to minimize con-
flicts between nations and interest groups, to increase equity of access
among different groups, and to ensure sustainable resource use so as to bal-
ance the needs and wishes of present and future generations.

The issue of goals or intentions is central to the question of what entities
are considered part of the global human commons; their main intention
should be to serve pan-human welfare. These organizations belong to the
“third sector;” they are designed to serve needs for which neither national
governments nor the profit-oriented business sector are sufficient. Differ-
ent people have different views about what constitutes the common good,
and these views change over time. The third sector offers the best hope for
providing a constant reassessment of what the common good is, in the con-
text of a variety of often competing interests.

In the individualistic Anglo-Saxon tradition, national governments are
viewed as institutions needed to solve problems arising out of market fail-
ures—for example, public goods, free rider problems, and externalities.
However, some problems that exhibit characteristics of market failures tran-
scend national jurisdictions and are of global concern, such as environmen-
tal problems, the spread and effects of science, technology and research,
military conflicts, diseases and their cures, and human rights. National gov-
ernments, markets, or a combination of both cannot solve these problems.
The global human commons, working through the third sector, must tran-
scend national interests in seeking solutions that serve the good of all of
humankind in such cases. Whether the third sector works with or against
governments will depend on whether both share a common ethic about
what is right and assume the responsibility to follow through. Trust and
responsibility are important if globalism is to succeed. The third sector
needs to earn the trust of all concerned by acting in a responsible manner
for the welfare of the whole of mankind. A “civic corps” comprised of vol-
unteers working in a spirit of pro bono publico toward global goals must
form the basis of the third sector.

What are the prospects for the significant development of the third sec-
tor in the future? A number of contemporary trends and processes give rea-
son for optimism. First, the world is quickly coming to understand the eco-
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nomic and ecological interdependence between all people and nations, and
it is recognizing the need for international institutions and regulations in
the light of this interdependence. Second, communications technology is
fostering a shared global culture and a commitment to solve global prob-
lems. Third, as affluence becomes more widespread, the meaning of work
is being redefined. In the past, when people worked to pay for the necessi-
ties of life, work was meaningful by definition. A number of factors, includ-
ing increased affluence and the welfare state, have weakened this nexus
between work and providing the necessities for survival, contributing to a
new spirit of redirecting work for the welfare of humankind.

Increasing global problems necessitate giving some institutions overarch-
ing powers to undertake long-term global planning. This planning could
help coordinate and regulate a number of factors that are critical to human
and ecosystem welfare. With the fall of the planned economies of Eastern
Europe, there is skepticism about planning at the global level. It is impor-
tant to emphasize, however, that there are different approaches to plan-
ning. Rather than the inhumane central planning experienced in Eastern
Europe, the search must begin to put into place “decentralized, bottom-
up, democratic, pluralistic planning.”

“The promotion of ‘global thinking,’ as the final flowering of ‘civic
virtue,’ may be seen as continuing, through education, the historical civi-
lizing process: of expanding the way we define and understand our ‘self-
interest.’”[12]

Note
1. This article is an introductory article to a special volume of the journal World

Development focusing on global issues that may require response on a global scale.
Parts of this article that discuss the origins of this special issue and the other arti-
cles appearing in it have been omitted from the summary.
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PART VII

Ethical and Institutional Issues 
in Ecological Economics

Overview Essay
by Neva R. Goodwin

The ethical and institutional issues discussed in the articles summarized
in this part raise a number of recurrent themes. These include the future
(and how people of the present do and should relate to it); questions about
how to mitigate the effects of the pressures of human population and
human technology upon our natural environment; and the combined ten-
dencies toward globalism in some aspects of human affairs and toward
localism in others.

These are, of course, among the major themes that have given rise to the
environmental movement itself, as well as to the discipline of ecological
economics. The environmental movement has generated, by now, a fair
amount of knowledge about some of the practical things (such as recycling
and reduced packaging, improved public transportation, and more rational
pricing of energy and natural resources) that should be done to alleviate the
dangerous stresses now being placed by humanity upon our environment.
The questions remain, however: how much does “society” care about alle-
viating these stresses? What costs will be accepted by “society”—and how
should those costs be allocated?

Here we come to what has always been at the heart of economics: the
issue of motivation. The entire edifice of neoclassical economics is formally
supposed to be derived from a single statement about human motivation—
the “rationality postulate”—which says that “rational economic man maxi-
mizes his (perceived) utility.” The logical objections to this axiom empha-
size, in particular, the tautological way in which each of the critical concepts
it contains (“rationality,” “maximization,” and “utility”) is defined in rela-
tion to the others. While such a tautological character establishes an exces-
sive degree of internal consistency, so that it becomes impossible to break
out of this tight logical loop to say anything about the real world, another
set of problems (of inconsistencies between the theory and the real world,
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or “external inconsistency”) arises when the critical concepts are defined
separately. Then (as observed by Nobel Laureate Herbert Simon) it turns
out that maximization is usually not a feasible behavior; utility is unobserv-
able and immeasurable; and rationality, in the neoclassical definition, has an
inadequate ethical grounding.

This last problem is the one which is most critical for the big issues tack-
led in this part. A rationality that is poorly matched with the ethical system
to which it looks1 can neither generate nor support the final principles, or
goals, that must be brought into play if we are to bring genuine, and widely
valued, human concerns to bear on questions about the future, about the
impact of humanity upon our natural environment, or on the tensions
between globalism and localism.

In fact, neoclassical economics does not have a monopoly on ways of
understanding rationality (although, during much of the twentieth century,
it has come close to achieving such a monopoly position in Western, indus-
trialized cultures). One alternative will be considered in the following dis-
cussion, which will contrast precautionary rationality with neoclassical
rationality. The latter stems from the rationality postulate, cited above; its
implications will be spelled out further below. The first is named after one
of the most powerful propositions of the environmental movement, the
precautionary principle. That principle says, in effect: “since we do not
know everything about the natural systems on which we are dependent, it
is only rational to be extremely careful; where we cannot predict the eco-
logical effects of our actions, we should assume that they are dangerous
until proved otherwise.” (For more on the precautionary principle, see Per-
rings, 1991, summarized in Part III of this volume.) Evidently this kind of
rationality is, to begin with, closely related to the primary goal—of species
survival—that has been bred into all living beings through the process of
evolution.

The simplest way to see the contrast between these two approaches is to
consider what each would consider irrational:
(1) “It is irrational to do something that will harm you.”
(2) “It is irrational not to do what you want.”

Both of these appear to be simple, obvious statements that are not hard to
agree with. However, they lead in what ultimately turn out to be dramati-
cally different directions. Precautionary rationality, in pointing to actions
that perhaps should not be taken, is open to such concepts as responsibil-
ity, and even sacrifice. Neoclassical rationality is all too easily translated into
the dominant commercialized value of modern societies: “doing what you
want” very often is assumed to mean, simply, “having fun.” 

How can it be that two apparently simple and compatible statements
about rationality can lead in such different directions as responsibility versus
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fun? One explanation for this bifurcation comes from the verb tenses of the
contrasting statements about what is irrational. The first includes attention
to the future—“something that will harm you;” the second speaks only to
the present.

Neoclassical rationality is not supposed to be especially shortsighted, any
more than it is supposed to be purely local or selfish. Indeed, in formal
writings about rationality, this postulate, like everything else that is formally
admitted as a part of the structure of the theoretical system of neoclassical
economics, is put forth as value-neutral.2 Neoclassical rationality is about
maximizing utility: utility can be whatever you wish; if you feel better when
you do right, then ethics can enter your utility function.

That is the theory. However, ethics are, most often, politely ignored by
neoclassical economists,3 in a context that, by default, leaves ethics to be
dominated by preferences; as Talbot Page (summarized in this part) says:
“within the utilitarian framework used by neoclassical economics, ‘prefer-
ences are all.’ They soak up and explain all forms of choice and behavior at
the individual level.”[page 49 of Page’s original article] Thus, mainstream
economic modeling implies that ethics only affect economic behavior when
they enter individual utility functions; and they only enter individual utility
functions because they are chosen on the basis of preferences.

Ecological economics, by contrast, has apparently accepted some addi-
tional assumptions. Although these have not been explicitly laid out in the
form in which they will appear here, it is easy—and useful—to infer these
assumptions, in the form of one interpretation of facts and two psycholog-
ical postulates: 
(1) We are facing a serious environmental crisis (whether already arrived or

just impending; the article by Goodland, summarized in Part I, is a
good expression of this belief). 

(2) It is natural and normal for human beings to care about the crisis and
its opposite (healthy survival): That is, we assume that it matters—from
a broader, longer term perspective than that of a single individual.
(The perspective may be that of the human species; it may be that of
the biosphere; or some, rather radical views may even attempt to rep-
resent the perspective of a portion of the natural world that does not
include our species—seen, in this radical view, as a dangerous and
destructive cancer upon the rest.)

(3) It is natural and normal for human beings to adopt the position of pre-
cautionary rationality, which says that it is foolish not to bend our
efforts to avert or alleviate this crisis.

Thus, by contrast to the neoclassical position which claims value-neutral-
ity, we see ecological economics as coming from a world view wherein a
belief in ecological crisis is related to overt basic values that are assumed to
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be widely shared among normal, sane members of our species. These
assumptions are not, however, sufficient to determine what kinds of
responses, including institutions, are required to deal with the crisis. Such
a determination requires a more formally worked out ethical system. 

There are a number of ethical systems that are potentially compatible
with the ecological economics world view. The articles summarized in this
part have been selected, in part, because they help to clarify the options
among several more or less formal ethical positions that are relevant to the
issues of ecological economics. The following are some of the leading can-
didates:
(1) Utilitarianism is the ethical system that has informed the neoclassical

value system. It is described by Talbot Page, especially with a view to
what the classical and neoclassical versions of utilitarianism permit
and/or require as ways of achieving intergenerational justice.

(2) “Justice as Opportunity” is proposed by Page as an alternative
approach—one that includes a more realistic theory of mind and of
human motivation than the utilitarian, and that emphasizes the
resource base as a special concern of both inter- and intragenerational
justice.

(3) J. Ronald Engel claims that there is an ethic of sustainable development
(in the introduction to a book by that name). This ethic was charac-
terized at the Ottawa Conference on Conservation and Development
as resting upon five criteria: integration of conservation and develop-
ment; satisfaction of basic human needs; achievement of equity and
social justice; provision for self-determination and cultural diversity;
and maintenance of ecological integrity. [Engel, pages 8–9] Engel
adds that “the key to a normative understanding of sustainable devel-
opment is to be found in the idea of ‘individuals-in-community;’ ” this
idea is held up as a leading fact about life by ecologists in general and
may therefore also be expected to play an important role in the world
view of ecological economists. Hence, “one task on the agenda of the
ethics of sustainable development is to reconceptualize our inherited
moral ideas so that they can do justice to the full complexity of inter-
actions within and between biological and social communities.”
[Engel, page 19]

(4) Religious Traditions have been called upon by various authors, some
claiming that religions are the cause of the faulty value systems which
have brought about the environmental crisis; others finding in the
same or other religious traditions the ethical system that is needed as a
basis for institutional and other solutions. E.F. Schumacher describes
an ethical system based on the Christian beliefs that man was created
in order to “save his soul,” and that “all the other things were created
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in order to aid him.”[Schumacher, page 129] Such an anthropocentric
view has been criticized by Lynn White, Jr. and others as the problem,
not the solution (see the summary of White’s famous article in Part
I); however, Schumacher derives from it his favorite four criteria of
smallness, simplicity, capital saving, and nonviolence. (He derives
rather similar criteria from Buddhism, in an article on “Buddhist Eco-
nomics.”4)

Other religious traditions, associated with the native peoples of the
Americas, the Orient, or other parts of the world, are also often cited
as sources for ecological values, and sometimes for ethical systems.
This approach also has its critics. A particular strain of environmental-
ism, called eco-radicalism by Martin Lewis, is described by him as
using an often uninformed or misinformed idealism of native religions
as a contrast to modernity, in which the West is singled out as “the sole
source of environmental degradation, and indeed, in the most extreme
examples, as the single repository of human evil.”5

(5) J. Baird Callicott has written a long article which examines a number
of different ethical systems that can serve as the basis for an environ-
mental ethic. In addition to deep ecology and two versions of the
Judeo-Christian tradition (“stewardship” and “citizenship,” as
expressed in various parts of Genesis), he also considers traditional
humanism, which he finds problematical on account of its anthro-
pocentrism, and ecofeminism, which he sees as suffering from a “theo-
ryless pluralism” that, in refusing to choose between different, cultur-
ally based moral traditions, ironically leaves might as the ultimate
arbiter of right.

In the portion of his article which has been summarized for this
part, Callicott proposes another alternative, based upon Aldo
Leopold’s land ethic; he calls it ecocentrism. This term may be mis-
leading, as it implies an emphasis upon ecosystem rather than on
humanity. In fact, “the land ethic makes explicit provision for respect
for individual members, both human and non-human, of the biotic
community as well as for the community as a whole. . . . instead of
overriding familiar social ethics, the land ethic creates additional, less
urgent obligations to additional, less closely related beings. . . . The
land ethic obliges us to look out for the health and integrity, the diver-
sity and stability, of nature in a way that is consonant with these prior
duties to human beings and human aspirations.”[Callicott, pages
375–76]

The first four articles summarized in this part have been selected as espe-
cially well-argued representatives of positions that are important for eco-
logical economists to take into account. The remaining summaries are of
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articles which take more or less for granted the importance of these ethical
issues and pose the institutional question: How should we organize our
society to take such ethical issues into account? 

Thus, the debate between Stone and Elder, on whether we should under-
stand trees as having rights, starts with some fairly similar beliefs about the
goals; it is the question of how to reach the goals that is most at issue. In
debates such as this it often appears that there is most agreement upon the
long run, where the requirements for a healthy economy seem to converge
with those for a healthy ecosystem. The greatest divergence seems to be in
the medium run—after we will have presumably taken the obvious
“win/win” first steps, but while short-term self-interest still asserts itself in
opposition to long-run convergence. An underlying tension is the assump-
tion accompanying neoclassical rationality, that people are only motivated
by self-interest (which is usually assumed, in practice if not in principle, to
operate in a short-term, narrow way), as opposed to the assumptions made
outside of the neoclassical social sciences that there is a broader range of
motivations to take into account.

Brian Barry’s article centers on the issue of fairness—a subject about
which we find the comment, in an introductory economics textbook: “the
concept of fairness is indeed a difficult one for an economist to treat. There
is no economic definition of fairness, to be sure.”6 Barry asks “What hap-
pens when the principles for justice between generations are combined with
moral principles governing distribution among people who are contempo-
raries, whether they live now or in the future?” [Barry, page 25]7 The chal-
lenge is thrown down for ecological economists to go beyond the neoclas-
sical approach, in which it is commonly recognized that the emphasis upon
efficiency leaves out questions of equity.

The last two articles summarized in this part provide especially good
examples of the ethical and institutional issues that ecological economists
must take into account when thinking about sustainable development.
Miguel Altieri and Omar Masera make interesting and important connec-
tions among three ways of approaching these issues: sustainable develop-
ment; the activities of NGOs (especially in Latin America), and a bottom-
up, grassroots approach. They propose practical steps to enhance the
effectiveness of each approach, stressing, in particular, two emerging eval-
uation procedures: participatory rural appraisal and natural resource
accounting. (This emphasis is a good start toward addressing the problem
mentioned earlier of naive expectations about simple translations from val-
ues to prices.)

The final summary, of an article by Jonathan Harris, takes a more global
look at some of the issues of sustainable development, considering who (or
what institutions) can be entrusted to implement a sustainable develop-
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ment strategy for the benefit of the people who most need it, now and in
the future. Harris stresses that the first line of answers economists have
given to these conflicts are not in themselves sufficient. Specifically, markets
and prices alone will not create the appropriate incentive structures to
address the diverse goals simultaneously, for they do not amount to feed-
back systems which are sufficiently sensitive, forward looking, or intelligent
to convey all of the critical information. Similarly, local internalizing of
externalities does not necessarily solve global problems.

Like Altieri and Masera, Harris urges a reassessment of the Keynesian
perspective that has been out of fashion for the past decade and a half. He
proposes a sweeping reassessment of global institutions (i.e., the World
Bank, the IMF, and GATT) and the establishment of new institutions that
will promote Keynesian tools for needs-focused (as opposed to wants-
focused) development simultaneously with “the new functions of resource
conservation, waste management, environmental protection, and planning
for ecological sustainability.”[Harris, page 119]

Harris notes that the efforts and costs involved in creating such new insti-
tutions, oriented especially toward the protection and enhancement of enti-
ties that now lack legal rights and of people who are without economic
power, “would require the replacement of the ‘yuppie’ ethic with a revital-
ized ‘Peace Corps’ ethic.”[Harris, page 121] In other words, the need is to
replace neoclassical rationality with precautionary rationality.

Is this likely to happen in the world? What is being proposed here is a
shift in ways of thinking—specifically, to understand our rationality in pre-
cautionary rather than neoclassical terms. Such a shift is proposed as the
pivotal connection between how we (intentionally) act and how we
(instinctively) react. Where the need is for a change in ways of thinking, it
is appropriate to look to thinkers (for example, academics and other writ-
ers) to lead the way. Ecological economics is a valuable force fostering the
new ways of thinking that are essential for the kinds of ethical and institu-
tional change required to respond to present and looming ecological crises.

Notes
1. While utilitarianism is the ethical system cited by neoclassical economists when

their ethical grounding is challenged, there is, in fact, a serious discontinuity
between that ethic (which assumes altruism, both in those who adopt “the great-
est good for the greatest number” as their goal, and in those whose actions are
determined by this goal) and neoclassical rationality (which formally permits altru-
ism, but certainly does not assume it, and in some ways actually works to discour-
age it). Unfortunately, neoclassical economics’ claim to value-neutrality has
obscured this discontinuity, so that the limitations of utilitarianism as a basis for any
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economic theory (as spelled out, for example, in Talbot Page’s article) have not
been confronted or dealt with in much of the theory that supposedly relies upon
this ethic. The exceptional economist who has done the most to overcome this
philosophical lacuna is Amartya Sen.

2. Here the structure of the system of neoclassical theory is contrasted with its
subject matter. The latter does not, of course, have to be value-neutral, since it
importantly includes the value-laden preferences of all economic actors.

3. There are, of course, exceptions. Again (as in note 1), the most obvious mod-
ern one is Amartya Sen. We have to go back to Alfred Marshall (1842–1924) to
find an economist who was a leader in the field and who considered ethics to be of
central concern. Marshall, however, did not attempt to model ethics; he continued
to resist (even as he helped, ironically, to foster) the trend toward accepting the
false syllogism: everything of importance to economics must be represented
through formal models; whatever cannot be included in a formal model must not
be of economic importance. 

4. E.F. Schumacher, “Buddhist Economics,” Resurgence 1 (January–February
1968); reprinted in Economics, Ecology, Ethics: Essays Toward a Steady-State Econ-
omy, ed. Herman E. Daly (New York and San Francisco: W.H. Freeman and Com-
pany, 1980), 138–145.

5. Martin Lewis, Green Delusions (Durham, NC: Duke University Press, 1992),
244.

6. Roger LeRoy Miller and Robert W. Pulsinelli, Understanding Economics (St.
Paul, Minnesota: West Publishing Company, 1983), 48.

7. In relation both to Berry’s article and to Stone’s, the reader might wish to be
aware of the classic essay on the legal rights of future generations: Edith Brown
Weiss, “The Planetary Trust: Conservation and Intergenerational Equity,” Ecology
Law Quarterly ii (1984): 495–581.
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Summary of

Intergenerational Justice as Opportunity
by Talbot Page

[Published in Energy and the Future, eds. Douglas MacLean and Peter G. Brown
(Totowa, New Jersey: Rowman and Littlefield, 1983), 38–58. 

© 1983 by Rowman and Littlefield]

Resource use can potentially result in long-term costs, and how we view
these costs can determine how much emphasis we put on conservation and
other alternative courses of action. This article distinguishes between two
views and considers each in the context of a utilitarian framework (the clas-
sical and neoclassical versions). The first, a global approach, discounts
future costs, thus assigning weights to present and future costs. A positive
discount rate implies that future costs count less than present costs. The
second view argues that if costs are potentially large and very long term, the
resource base should be preserved intact. Notions of justice between gen-
erations are central to this view; it is referred to as the specialized approach.

Global Versus Special Views of Long-Term Energy Costs

The central argument for discounting future costs (at a rate equal to the
opportunity cost of capital) is that intergenerational efficiency will result.
The criterion used for efficiency is that of Pareto optimality, i.e., a system
is said to be efficient in an intergenerational sense if no single generation
can be made better off without making another generation worse off. The
problem with this criterion is that efficient allocations may not be fair or
just. In contrast, the specialized approach is better suited to deal with issues
of intergenerational justice.

Defining Neoclassical Utilitarianism

The notion of maximizing behavior is central to the economists’ definition
of utilitarianism. In fact, maximization is a universal process in the utilitar-
ian framework. The following principles help define utilitarianism and clear
away distinctions that can interfere with the maximization process:
(1) Only preferences matter: Decisions can be made on a number of differ-

ent bases, including morality, religion, habit, or the maximization cal-
culus. If these different bases for decision making are recognized, then
to explain a decision we must explain the process used and the inter-
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action with other processes. Utilitarians do away with these differences
and their accompanying complexities by assuming that each individual
has only one preference ordering.

(2) All states are comparable: According to this principle, an individual is
always able to judge whether he prefers one complete description of
reality to another, or whether he is indifferent between the two states.

(3) Future and present states are directly comparable: This principle extends
the second principle, suggesting that individuals can compare different
future paths as well. One can think of different present states as differ-
ent snapshots, and different paths in the future as different movies.
The second principle argues that individuals can compare snapshots,
and the third principle argues that individuals can compare different
movies.

(4) Utilities of different individuals are not directly comparable: Neoclassi-
cal utilitarians argue that because utility is not observable, it is not
comparable across individuals, nor can it be summed across individu-
als. Therefore, while classical utilitarians want to maximize the sum of
utilities, neoclassical utilitarians believe that individuals maximize their
own utilities, and we should therefore aim for Pareto optimality in
decision making.

(5) Property rights must be well specified: Since the best way of revealing
preferences is through the market system, the only important rights for
neoclassical utilitarians are property rights.

Discounting within Both Utilitarian Systems

There are a number of arguments that use the principles described above to
argue in favor of discounting. Four of these arguments are discussed in this
section: two in the classical utilitarian tradition and two in the neoclassical
utilitarian tradition. A counterexample is also offered to show that dis-
counting does not inevitably follow from the principles outlined above.

The first argument for discounting involves an unselfish planner (a clas-
sical utilitarian) who weights each generation’s utility by the probability
that the generation will not exist. Thus, while the planner attaches equal
importance to the utility of each generation, he accounts for the possibility
that future generations may not exist, and therefore discounts their utilities.
The problem with this approach is that if a constant probability of extinc-
tion in each year is assumed in order to yield a constant discount rate, then
the probability of a future generation existing is independent of the actions
of the present generation.
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The second argument involves a selfish planner in the tradition of a neo-
classical utilitarian. He wants to maximize only his own generation’s wel-
fare, but he is also blocked by a veil of ignorance from knowing which gen-
eration he belongs to. Being selfish, this planner weighs the utility of any
generation by the probability that he will belong to it. As in the first case,
the declining probability of the existence of future generations leads to an
argument in favor of discounting.

The third argument involves a classical egalitarian utilitarian who is con-
cerned about productivity. In models that allow for capital productivity, dis-
counting at a rate of zero results in present generations sacrificing to invest
more in favor of future generations. To achieve an egalitarian solution when
generations achieve equal utilities across time, the discount rate must be
equal to the marginal productivity of capital.

The fourth argument, based on a theorem by Tjalling Koopmans, argues
that an intergenerational planner who is fair because he adopts a set of
axioms that are neutral, innocuous, and fair will select a social choice rule
that discounts the utilities of future generations.

While these four arguments are all examples that start from a utilitarian
tradition and favor discounting, discounting does not inevitably follow
from the utilitarian framework. For example, when Kenneth Arrow’s
axioms are combined with crucial axioms of Koopmans’, discounting does
not follow. It is also interesting that in these variations on the fourth argu-
ment, Pareto optimality is always satisfied, whether or not disounting is
favored. Therefore Pareto optimality cannot be the determinant of whether
or not discounting should be adopted.

Outside the Neoclassical System

It is important to move outside of the neoclassical system to develop a com-
mon sense concept of justice that does not depend on preferences or util-
ity. One reason for this is that the neoclassical framework is too narrow to
reflect the normative issues that go into decision making. The following
four distinctions are made with respect to the neoclassical principles out-
lined above:
(1) All ownership rights are not on par: This distinction is based on the

Lockean notion of “just acquisition,” in which ownership is a relative
rather than an absolute concept. According to this notion, the larger
the role one plays in the creation of a work, the larger is one’s claim
over the work. The present generation therefore does not have the
right to run down the resource base that it did not help to create,
when it is possible to treat it in a sustainable way.
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(2) Not all states or goods are completely substitutable: This distinction
argues that some commodities are more essential than others, so
equating the resource base with this generation’s capital stock accu-
mulation may be invalid. For example, energy and primary materials
are embodied in capital, and thus capital cannot completely substitute
for those ingredients.

(3) Offsetting harms with benefits: Utilitarians believe that avoiding harm
and doing good are really the same thing, and therefore they look for
net benefits. However, in some cases this may not be in keeping with
common sense notions of justice. For example, while killing one indi-
vidual to save two renal disease sufferers may result in a net gain, com-
mon sense suggests that this is unjust. Similarly, in the intergenera-
tional context, depleting the resource base and increasing the level of
pollutants may be unjust even if there is a corresponding increase in
the capital stock.

(4) Opportunity versus utility: Since it is easier to control the opportunities
available to the next generation than to control future utility, it seems
sensible to focus on passing on opportunities in the form of the cul-
tural and natural resource bases.

The Inefficiency Issue

The main objection of neoclassical economics to special treatment of the
resource base is that this could result in large inefficiencies. For example, a
great deal of effort could be spent preserving things that future generations
may not want. This proposition deserves empirical and conceptual consid-
eration.

From an empirical perspective, it seems unlikely that future generations
will not want essential goods like health, alternative energy resources,
water, soil, etc. Second, the increases in human-made capital are increasing
our dependence on the resource base. Until this trend reverses, we must
assume that future generations will value preserved resources. Third,
switching from the current system of subsidizing depletion to taxing it will
impose few, if any, costs today, while producing benefits in the future. Thus
preserving the resource stock based on a notion of justice as equal oppor-
tunity may also increase intergenerational efficiency.

Finally, at a conceptual level, we must consider compensating invest-
ments. It is important to note that, in some cases, if compensating invest-
ments to protect future generations are not made in the present, then the
compensation option is lost, since the investments must be made now in
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order to grow over time and actually become available in later years. In
addition, the argument for discounting suggests that a project that harms
the future is acceptable provided that enough benefits will accrue to com-
pensate the future, whether or not compensation will actually be made.
However, when the harm done to the future is grave, the argument that
only the possibility of compensation is important—not actual compensa-
tion—loses its appeal.

Summary of

Introduction: The Ethics of Sustainable Development
by J. Ronald Engel

[Published in Ethics of Environment and Development: Global Challenge, 
International Response, eds. J. Ronald Engel and Joan Gibb Engel (London: 

Belhaven Press, 1990): 1–23, and (Tucson: University of Arizona Press). 
Reprinted by permission of John Wiley & Sons, Ltd.]

(This is a summary of the introductory chapter of the book.)

In its 1987 report Our Common Future, the United Nations Commis-
sion on Environment and Development, under the leadership of Gro
Harlem Brundtland, concludes that global well-being may depend on rais-
ing sustainable development to a global ethic. Exactly what this statement
implies needs to be carefully examined. For example, we must ask what eco-
logical, social, political, and personal functions sustainable development
serves, and how human aspirations can be reconciled with our moral oblig-
ations to other species and to the ecosystem. We must also know on what
grounds sustainable development can be called a true ethic for humans.

The Growing Concern for Ethics

Human attitudes toward development have changed fundamentally over
time. The addition of a moral component, motivated by environmental
concerns, is a relatively recent occurrence. However, not everyone shares
the view that ethics are essential to solving the problems of the environ-
ment and poverty. Specialists, businessmen, and politicians argue that eco-
nomic and scientific solutions are adequate to deal with environmental and
material concerns. Past experiences with moral claims invoked in the pub-
lic arena have also led to skepticism with respect to any approach based on
ethics. Those in charge of policy must remember, however, that in the end
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all political and economic arrangements must be ethically legitimate in
order to survive. 

The Contribution of Ethics

Ethics can be defined as reflections on moral ideas and ideals. There are at
least five practical reasons for the new interest in this topic; the fifth—defin-
ing a new paradigm for sustainable development—incorporates and builds
on the other four.
(1) There has been growing awareness of the important role that the

moral values and beliefs of a culture play in determining human behav-
ior, and so the assumption that science and policy formulation can be
neutral and value free is being rejected. A study of ethics is necessary
to understand and evaluate the moral codes of cultures.

(2) There is a recognition that moral ideals can motivate people to act
even when the costs are high. A number of environmental move-
ments—including green consumerism, ethical investments, and volun-
tary simplicity—provide evidence of this.

(3) Ethics can have a role in clarifying the values at stake in policy deci-
sions, and offer moral reasons for pursuing different policies. Lack of
a clear understanding of the moral issues involved leads to policy for-
mulations based only on custom, personal preference, or political and
technical feasibility.

(4) Ethics can help resolve value conflicts that arise in development activ-
ities by redefining the issues so that the values in each position can be
identified and reconciled. For example, the conflict between “ecocen-
trists” and “anthropocentrists” can be recast as an issue between val-
ues of ecological integrity and social justice, both of which are worth-
while ends that may potentially be mutually enhancing.

(5) Ethics has an important role both as a basis for critiquing the existing
dominant paradigm of global development and in shaping the emerg-
ing paradigm of sustainable development. This paradigm shift is a
product of the growing consensus in the international conservation
and development communities that there are serious problems with
modern industrial development and its emphasis on competition, con-
sumption, and unlimited growth. The long-standing need to think in
terms of dichotomies such as conservation versus development or
humanity versus nature is being questioned. Many factors have moti-
vated this shift, but the most important one seems to be the failure of
modern societies to provide a good and sustainable way of life for all.
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The Moral Challenge of Sustainable Development1

The primary problem for thinking in terms of a new moral paradigm and
the ethics of sustainable development at a global level is that there is no
common moral language for discussion and deliberation among the differ-
ent cultures and religions. A common, cross-cultural set of moral principles
needs to be developed as an alternative to both the resurgence of abso-
lutism on the one hand and widespread relativism on the other. In fact, cul-
tural diversity can best be preserved through adoption of inclusive moral
principles that promote mutual respect among all peoples and cultures.
This common moral language and set of principles can be developed by
drawing on the resources of each culture and religion.

A second problem is that the term sustainable development is itself
ambiguous, and it is important to differentiate between two common but
irreconcilable interpretations. Some people understand sustainable develop-
ment to imply a genuinely new mode of development rooted in ethics, but
others understand it to simply support continued growth, with no ethical
content. The authors in this volume hold the first view, extending the mean-
ing of sustainable development beyond the concepts of growth with equity
or development with conservation, and developing the moral dimensions
implied by the term. In its broadest sense, sustainable development can be
defined as “the kind of human activity that nourishes and perpetuates the
historical fulfillment of the whole community of life on Earth.”[10–11]

A third difficulty facing the emergence of a new ethical paradigm is the
fact that the two main groups challenging the currently dominant develop-
ment paradigm—advocates of alternative development and advocates of
ecological integrity—are also at odds with each other. Thus, another chal-
lenge of the new paradigm of sustainable development is to bring these two
groups together by merging environmental concerns into the normative
discourse on development.

Religion, Science, and Sustainable Development

The development of modern societies has led in many cases to a growing
dichotomy between religious value systems and secular scientific ones.
While environmental and development issues were historically the concern
of the secular system, recently there has been a surge of reaction among
religious traditions to the environmental and development crises that have
beset modern societies. This interest arises from the spiritual failures 
of human beings in modern materialistic societies, evident in the levels 
of greed, lust, and pursuit of pleasure and power that are observed. A path
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of sustainable development will require a fundamental change in humans
with the help of spiritual disciplines. The mechanistic science that has dom-
inated modern Western societies is seen by some as a primary cause of our
present crisis. A new paradigm of sustainable development is needed that
transforms scientific and religious systems and develops a greater mutuality
between them.

Unity and Diversity in International Response

There is consensus that the concept of “individuals-in-community” is key
to an understanding of sustainable development. This implies that rather
than focusing on individuals or species as separate entities, they must be
viewed as part of a larger whole. Our choice of world view is therefore not
between the individual and the community, or between the environment
and people, but between different kinds of “mixed” communities. How-
ever, ethicists from different parts of the world and different cultures still
have different visions of what sustainable development means and what the
emerging ecological world view should be.

An Agenda for Ethics

Despite differences based on culture and social contexts, ethicists from
around the world are elevating sustainable development to a global ethic.
The first task on the agenda is to reconceptualize inherited moral ideas in
such a way that they do justice to the complexity of interactions within and
between biological and social communities. Simultaneously promoting
social and ecological values in a moral framework is a difficult task that is
too big for any individual or even a single group. It must therefore involve
the input of ecofeminists, ecophilosophers, religious leaders, and many oth-
ers. Ethicists should work with grassroots organizers so that the principles
of sustainable development can be developed from the ground up. In addi-
tion, the second issue on the agenda is to determine how moral principles
can be effectively implemented. Voluntary organizations and individuals
working in cross-cultural, cross-disciplinary, and cross-sectional coalitions
can be effective in promoting moral principles and an ethical approach.

Note
1. The sections that follow are an analysis of articles in the book. In this sum-

mary we discuss the issues raised in these articles, but not the authors associated
with the ideas.
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Summary of

The Age of Plenty: A Christian View
by E.F. Schumacher

[Published in Economics, Ecology, Ethics: Essays Towards A Steady State Economy, 
ed. Herman E. Daly (New York and San Francisco: W.H. Freeman and Company,

1980), 126–137. Reprinted in Valuing the Earth: Economics, Ecology, Ethics,
eds. Herman E. Daly and Kenneth Townsend (Cambridge, Massachusetts and

London, The MIT Press, 1993) 159–172.]

The optimism that modern science and technology could provide for all
is being questioned on all fronts. Environmental degradation, resource
scarcity, and the limits to growth are responsible for a reconsideration of
the efficacy of an industrial society. This article evaluates the future of
industrial society from a Christian perspective. The Christian perspective
flows from “The Fountainhead” of the St. Ignatius of Loyola which sug-
gests that man should use the goods of the earth only so far as they help
him attain a higher goal, and should withdraw when the material hinders
the attainment of the higher goal.

If this premise is accepted, then quantitative concepts like economic
growth and the gross national product become meaningless. Whether a
good or service is good or bad need not determine the amount it adds to
such quantitative measures. Rather than quantitative measures, qualitative
concepts should be developed. The nature of income distribution is such
that about one-quarter of the world is immensely rich and about three-
quarters are immensely poor, with very few in between. This duality is
abnormal and unhealthy for both groups, since one has too much and the
other too little. What exacerbates the problem is that rich societies are per-
ceived as the model which poor societies must follow and aspire to be like.
The rich nations have used exorbitant resources in pursuit of their wealth.
To suggest that modern science and technology has solved the production
problem is fallacious, since modern production has required nonrenewable
energy resources. From a physical perspective it is impossible for poor
nations to follow the path of the rich. Furthermore, modern societies are
facing a crisis of values which manifests itself in social unrest, rising drug
addiction, and crime. There should be a reassessment of our aims and
objectives so as to redirect the system. Two important questions are how
this can be done and who should do it?

In the modern world the technical and social methods of production are
chosen and developed from the perspective of efficiency. But the economic
concept of efficiency is unrelated to the people involved in the production
process and is defined in terms of the material aspects of production and
profits. Organizing the production process with efficiency of materials as
the criteria leads to a division of labor and specialization of tasks. The soci-
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ety that set up the production system in turn becomes molded by the logic
of the production process. Thus a change of the aims and objectives of soci-
ety necessitates a change of the production process, the prevailing technol-
ogy, and the existing organizational framework. The technological change
required should move us away from the giantism, infinite complexity, vast
expensiveness, and violence to a system which is small, simple, cheap, and
nonviolent. 

Smallness implies bringing production units to a human scale and gives
people independence in their activities. If production units are small, they
use few resources, a distinct advantage when large resources are becoming
scarce. Their levels of pollution are less and they are ecologically better than
bigger units. They lead to a more even distribution of income and cause less
congestion. Simplicity is to be favored for a number of reasons. The reason
production processes should be simple is that then there will be time and
energy for man to pursue other interests beyond making a living. This is
important if the higher goals are to be achieved. If production processes are
not cheap, only the rich and powerful gain access to them. Cheap tech-
nologies can make the poor self-reliant and help create employment. Non-
violence refers to humankind respecting the place of all animate and inani-
mate objects when dealing with them. The concept of nonviolence may
take many directions, but a good example is respect for and preservation of
the integrity of the ecosystem. In this case it would mean undertaking recy-
cling of all organic materials and reducing our dependence on chemicals,
reducing pollution, etc.

The required move should be gradual. It requires change in small units
and that we put people and not material consumption first. Change is pos-
sible if we keep in mind the message of “the Fountainhead.”

Summary of

The Search for an Environmental Ethic
by J. Baird Callicott

[Published in Matters of Life and Death: New Introductory Essays in Moral Philosophy,
3rd edition, ed. Tom Regan (New York: McGraw-Hill, 1993), 322–382. 

Summarized with permission of McGraw-Hill, Inc.]

Since the 1960s there has been a growing recognition that there is an
environmental crisis. The solution to this problem cannot be purely tech-
nical or engineering based. A new environmental ethic is needed that pro-
motes an ecocentric approach to the environment. However, there are
some schools of thought which argue that existing ethics are adequate to
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deal with environmental problems. This article first considers and critiques
some of these views and points out why they fall short. It then develops the
basis and broad outlines of an ecocentric environmental ethic.1

Some Schools of Thought

Three schools of thought that reject the need for a new environmental ethic
are considered here:
(1) Traditional Humanism: Traditional humanists treat the environment

as a pool of natural resources that are to be utilized to increase human
welfare. They acknowledge that some human beings indirectly have an
adverse impact on others due to the negative effects of their actions on
the environment. However, they argue that the solution to this prob-
lem can still be found in the old ethics based on moral consideration
of all human beings. The problem with this approach is that, by focus-
ing on humans alone, it does not take into account the adverse impact
of human behavior on non-human members of the biotic community.

(2) Deep Ecology: The deep ecology movement, founded by Arne Naess,
argues that humans are part of a larger ecological system, and it is the
realization of this interconnectedness, not ethics, that is vital for main-
taining the health and integrity of ecosystems. According to deep ecol-
ogists, “ethics” implies separate groups that must respect one another,
an approach that results in a narrow conception of the self. However,
these metaphysical views of the deep ecologists have no basis in scien-
tific ecology. Scientific ecology reveals a differentiated oneness of
nature, rather than the homogenous unity proclaimed by the deep
ecologists.

(3) Ecofeminism: Ecofeminists argue that the ideology that leads to men
dominating nature is the same one that is responsible for men domi-
nating women. The solution to environmental problems is therefore
the same as the solution that the feminist movement has been urging
with respect to women’s liberation: the overthrow of the patriarchy.
Ecofeminists argue that the cause of environmental problems is not
anthropocentrism (human-centered thought), but androcentrism
(male-centered thought). Furthermore, ecofeminists object to any
ethical theorizing (and therefore to a theory of environmental ethics)
because theories are inherently male biased and serve to rationalize
power. Instead, ecofeminists favor contextual analysis based on each
situation. The problem with this anti-ethics position is that if power
and not truth determines outcomes, then there is no reason for those
who exercise power today (males) to give it up. The solution to the
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exclusive hold on power by any one group, then, lies in a rational, hon-
est, open-minded dialogue between all groups with a commitment to
truth and reason.

The Ecocentric Approach to Environmental Ethics

An environmental ethic rooted in evolutionary and ecological theory is
needed. From the perspective of scientific ecology, every living being is
embedded in a matrix of relationships with other beings, and organisms
develop their special characteristics through interactive adaptations within
this matrix. Individual organisms that are independent of this web of inter-
active relationships are inconceivable. This matrix of relationships results in
a biotic community in which each organism carries out specific functions.
Environmental degradation occurs when organisms and functions begin to
disappear.

An environmental ethic should therefore have both holistic and individ-
ualistic dimensions. Within this framework, right and wrong would be
based on the structure and organization of the biotic community, rather
than simply on the imposition onto the entire biotic community of ethics
relevant only to interactions among humans. Aldo Leopold’s “land ethic”
can form the basis for such a development. Critics of Leopold are wrong
when they suggest that the land ethic emphasizes the holistic aspects at the
expense of individuals.

According to Leopold, “an ethic, ecologically, is a limitation on freedom
of action in the struggle for existence.”2 This view of ethics raises an evo-
lutionary paradox: how can the practice of self-limitation have evolved
given the continuous struggle for existence? Would such an ethic not com-
promise an organism’s struggle to survive and reproduce? Charles Darwin
looked into this question from the perspective of natural history in The
Descent of Man. He argued that since human beings can survive and suc-
cessfully reproduce only as members of society, social instincts such as love,
affection, and sympathy were naturally selected—because they were essen-
tial for communities to flourish. From the perspective of Leopold’s land
ethic, it is also important to consider the whole of the biotic community,
rather than concentrating on any specific individual organism. This ethic
fosters the belief that all organisms on earth are members of an extended
family and implies respect for fellow members of the community as well as
the community as a whole.

Some philosophers have objected to the implications of Leopold’s land
ethic. If the integrity, stability, and beauty of the biotic community is
harmed by the overly large human population, wouldn’t it then be our duty
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to eliminate a whole lot of people? This solution for protecting the welfare
of the biotic community is not implied by the Leopold land ethic which
would supplement, not replace, traditional human morality. Nevertheless,
the human population should be scaled down over time in humanitarian
ways.

An ecocentric land ethic should therefore be one in which human beings
use the environment in such a manner as to enhance the integrity, stability,
and beauty of the entire biotic community. In addition, any use of the envi-
ronment, including cutting trees and killing animals, should be done in a
skillful, thoughtful, and humane manner without waste. This can be
achieved by considering the welfare of the entire biotic community and of
individual organisms.

Notes
1. This summary does not encompass Callicott’s entire article. In particular, it

does not cover the extensive discussions of the Judeo-Christian and extensionist
approaches to environmental ethics that are found in the original article, although
points from these sections that are relevant to the discussion of the ecocentric
approach to environmental ethics are included.

2. Aldo Leopold, A Sand County Almanac, with Essays on Conservation from
Round River (New York: Balantine, 1966): 288; cited by Callicott, 361.

Summary of

Should Trees Have Standing?—
Toward Legal Rights for Natural Objects

by Christopher D. Stone
[Published in Southern California Law Review 45 (2nd Quarter, 1972): 450–501.
Summarized with the permission of the Southern California Law Review. See also

Christopher D. Stone, Should Trees Have Standing?: Toward Legal Rights 
for Natural Objects (Tahoe City, California: Tioja Press, 1988).]

In the past, the child was considered less than a person from a legal per-
spective, but legal rights for children are now recognized and are, in fact,
expanding. Legal rights have similarly been bestowed at different times
upon a number of different groups, including prisoners, aliens, and women.
The legal system has even bestowed rights on inanimate entities such as
trusts, corporations, and joint ventures. At one time, bestowing such rights
on these groups was unthinkable; until rights are actually bestowed, the
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“rightless” are considered mere things for our use. The time has come to
bestow rights on “natural objects” in the environment, including forests,
oceans, rivers, etc., as well as on the natural environment as a whole. This
is not to say, however, that the environment should have the same rights as
those conferred on humans, or that each environmental entity should have
the same rights as every other. There are two sides to the discussion about
granting rights: the legal–operational aspect, and the psychic and socio-psy-
chic aspect.

The Legal–Operational Aspects

What It Means to Be a Holder of Legal Rights
“An entity cannot be said to hold a legal right unless and until some public
authoritative body is prepared to give some amount of review to actions that
are colorably inconsistent with that ‘right.’”[11] In addition, for a thing to
count jurally three other criteria must be met:
(1) the thing should be able to institute legal action at its own behest;
(2) in granting legal relief, the court must take injury to the thing into

account; and
(3) the relief must run to the benefit of the thing.

The Rightlessness of Natural Objects at Common Law
Consider the status under common law of a stream being polluted. The
stream itself has no standing and does not have rights. The pollution can
only be challenged by a human being who can show that polluting the
stream challenges his rights. However, this may not happen for a number
of reasons: the human may not care about the pollution; he may be eco-
nomically dependent on the polluter; or it may not be economically worth-
while for him to pursue the action to prevent pollution.

A second sense in which natural objects are denied rights has to do with
how cases are decided. The fact that they are decided based on the eco-
nomic interests of identifiable humans further denies any “rights” to nat-
ural objects. Courts compare the costs to the polluter of pollution abate-
ment and the costs of pollution to others to determine whether pollution
is permissible. Damage to the stream and the life-forms it cultivates are not
considered.

The third way in which the common law renders natural objects rightless
is by conferring the benefits of a favorable ruling on the person who brings
suit against the pollution, rather than on the natural object itself. For exam-
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ple, the damages awarded in a water pollution suit will go to the plaintiff,
not toward the repair of the body of water.

Toward Having Standing in Its Own Right
The fact that streams and forests cannot speak is no reason for them not to
have legal standing. Corporations, states, estates, infants, etc. do not speak,
but they do have legal rights. A guardian (either a conservator or a com-
mittee) can be appointed to represent the legal interests of natural objects.
A number of existing organizations could play the role of conservator,
including the Sierra Club, the Environmental Defense Fund, and Friends
of the Earth, among others. The law should also allow the conservator to
protect the interest of the natural object without first having to prove that
the rights of the conservator’s members are being violated.

There are two possible objections to the guardianship approach outlined
above. The first is that the guardian cannot judge the needs of the natural
object in its charge. However, the counter argument to this objection is
that natural objects do communicate their needs in rather unambiguous
ways. We know, for example, when the lawn needs water. Moreover, every
day we make decisions on behalf of “others,” and the needs and wants of
these others are often less clear and verifiable than the wants of rivers, trees,
and land. The second objection is that the federal Department of the Inte-
rior and the states’ attorney generals are already guardians. However, the
Department of the Interior is only the guardian of federal public lands, not
local public lands or private lands. Furthermore, the actions of the Depart-
ment of the Interior are often questioned by environmentalists who con-
sider them detrimental to the environment. In addition, the states’ attor-
ney generals are political and must attempt to meet a wide range of goals,
so their actions may not be in the best interests of the environment.

Toward Recognition of Its Own Injuries
Suits involving the environment have been decided based on the economic
hardships of human beings, but we must question why these decisions
should be based on profits to humans, rather than on costs to the environ-
ment. While it is well recognized in economic analysis that ideally every
individual should bear the full costs that his or her activities impose on soci-
ety, the legal–economic system fails to impose these costs in the case of pol-
lution. This may occur, for example, because the costs of pollution of a river
may be spread out, making coordination and redress difficult. By confer-
ring jural standing on natural objects, the natural object itself, through its
guardian, can coordinate the fragmented groups and press claims against a
polluter. The guardian can also go further and represent other interests that
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are not presently recognized, such as those of endangered species. The cost
of cleaning up the damage done to the natural object could be used in the
courts as a measure of monetary worth.

Toward Being a Beneficiary in Its Own Right
Another advantage of making the environment a jural entity is that this
approach prevents private litigants from selling out the environment in
negotiations by making natural objects the beneficiaries of monetary
awards. These awards can be put into a trust fund that can be used for
guardians’ costs and legal fees. We must also recognize that if “rights” are
granted to the environment, then it may also bear “liabilities.” Money in
trust funds can be used to meet liabilities, such as crop destruction due to
floods, and damages can be paid to those affected.

Toward Rights in Substance
For the environment to have rights in a meaningful way, it must be granted
a significant body of rights that it can invoke in a court of law. This implies
that there must be a process of review to determine whether the rights have
been violated. The government should also mandate a set of procedures
that must be undertaken to protect the interests of the environment before
a project can be executed by corporations or individuals. While some forms
of damage to the environment may be permitted, irreparable damage could
be banned.

The Psychic and Socio-Psychic Aspects

There have been changes in laws and procedures that are favorable to the
environment, but they seem to result from the realization that a better envi-
ronment is good for humankind, rather than from a fundamental change in
consciousness. It is still humankind, not the environment, that is taken into
account.

Conferring rights on the environment will have costs, leading many to
question why such rights should be granted. But this question is odd, as “it
asks for me to justify my position in the very anthropocentric hedonist
terms that I am proposing we modify.”[44] It is analogous to asking why
whites compromised their preferred rights-status with respect to blacks, or
why men compromised their preferred rights-status with respect to women.
Yet many people assume that an appeal must be made to self-interest in
order to persuade humans to act.

Scientists have been warning us that the earth will face a crisis if we do
not change our ways. The solution to the problems confronting us will
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require a reduction both in our living standards and in the growth of the
economy, and they will also necessitate a serious reconsideration of our
consciousness toward the environment. We will have to identify what our
present consciousness and its consequences are, how to change this con-
sciousness (if at all), and what sort of institutional reforms will be required.
A new relationship between man and nature is necessary. We must stop
viewing nature as a set of useless objects and instead see ourselves as part of
nature. This attitude will free us of the need for supportive illusions.

Summary of

Legal Rights for Nature: 
The Wrong Answer to the Right(s) Question

By P.S. Elder
[Published in Environmental Ethics: Volume II, eds. Raymond Bradley and Stephen

Duguid (Burnaby, British Columbia: Institute for the Humanities, Simon Fraser
University, 1989): 103–119, and Osgoode Hall Law Journal 22 (1984).]

The argument put forth by Christopher Stone in his article “Should
Trees Have Standing?”1 is rejected. This article argues that the “deep” ecol-
ogy view put forward by Stone does not go any further in solving environ-
mental disputes than conventional ethics and law.2

Criticism of Stone

Stone argues that since we have improved morally by extending rights to
blacks, women, children, and some animals, we can progress further by giv-
ing rights to natural objects. However, this is a nonsequitur, since people
and plants belong to different categories. Natural objects do not have any
of the characteristics that bestow moral importance on a thing, including
“awareness, self-consciousness, the ability to formulate goals, act to attain
them and to appreciate their attainment.”[110] Nor does Stone give any
reasons for why the environment should have a moral claim. There is no
reason to believe that objects in the environment “want” to survive or to
remain undisturbed; objects without sentience cannot care or suffer. More-
over, we cannot know what trees want, so guardians of the environment
can only argue on behalf of natural objects by imposing their own values.
Deep ecologists are themselves being anthropocentric when they claim that
they know what is good for the environment. Finally, how are we to han-
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dle situations in which the government, industry, and public interest
groups compete to be the guardians of the environment?

Even if Stone is correct that humans are a part of the biosphere, and not
separate from it, conclusions radically different from his could be drawn.
For example, we can claim that humans, as a part of nature, have an equal
right to compete, even if we prove to be better suited for survival than
other species and cause the extinction of some. The deep ecologists might
then argue that humans have moral duties to natural objects, but these
duties arise precisely because we are different. Thus, we are both a “part of
nature” but at the same time different from it, and “it is the essence of
being human which leads to respecting the rights of morally important
beings.”[111]

Ordinary Ethics Get Us There Too

This article simply argues that Stone has not made his case that we owe
rights to natural objects. Who then does have rights? The following cate-
gories are suggested:
(1) Any self-conscious being who has hopes and wishes, and who can

weigh and choose among alternatives, is an object of moral concern.
(2) Even if a creature does not fall into the first category, if it can feel pain

then it has a right not to have unnecessary pain inflicted on it.

For example, if whales or dolphins meet the definition of the first category,
then they should not be murdered or enslaved for any reason. On the other
hand, if they can feel pain but cannot conceptualize, then they can be used
for food and experiments as long as they are not made to suffer unduly.
Deep ecologists may not be satisfied with this approach, but they should
recognize that many shallow ecologists are also distressed by the destruc-
tion of the wilderness and are in favor of environmental protection. The
shallow ecologists’ position is based on human reasons, but it can still lead
to rigorous environmental protection.

Conventional Law Can Do It

Since laws are a human construct, we can legislate about any concern that
we choose. Thus, rather than create rights for non-humans, the environ-
ment can be protected by giving humans more rights. Stone calls for assess-
ment procedures that give a greater weight to the environment in policy-
making. However, a number of policy and legal techniques for doing this
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already exist, and these can be extended to deal with environmental con-
cerns like energy conservation or the effects of industrial chemicals on
health and the environment. Environmental protection reforms are not
hampered by the existing anthropocentric theories of rights; the real prob-
lem is a lack of political will.

The degradation of the environment has led to serious problems, includ-
ing toxic and carcinogenic pollutants, human starvation, and the threat of
a nuclear holocaust, from which our present economic and political system
has failed to protect us. In light of these serious problems, the deep ecol-
ogy argument for rights for natural objects seems trivial.

Notes
1. See previous summary.
2. To avoid repetition, the discussion of Stone’s position in this article has not

been summarized.

Summary of

Intergenerational Justice in Energy Policy
by Brian Barry

[Published in Energy and the Future, eds. Douglas MacLean and Peter G. Brown
(Totowa, New Jersey: Rowman and Littlefield, 1983), 15–30.

© 1983 by Rowman and Littlefield.]

This article proposes a criterion for compensation of future generations
by the present generation for the consumption of exhaustible natural
resources.

The Nature of the Problem

All mineral resources raise problems of intergenerational justice due to their
finite quantities, but fossil fuels raise two special problems. First, unlike
other mineral resources, fossil fuels cannot be reused. Second, much of the
known stock of fossil fuels is difficult and expensive to obtain and deliver to
the point of use, so we can expect steadily increasing costs. In addition, in
spite of the limited information on oil reserves, it is reasonable to suggest
that the world cannot continue its consumption of oil at present rates.

Problems of fairness do not arise if any generation can use as much of a
resource as it feels is necessary and still pass on adequate quantities to suc-
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ceeding generations. However, by definition the problem with nonrenew-
able resources is that the more one generation consumes, the less future
generations will have. More importantly, they will have fewer options as
well, other things being equal. Therefore, we need just criteria for the use
of nonrenewable resources.

A Solution and Its Defense

One solution for the problem posed above is for the present generation to
compensate future generations with improved technology and increased
capital investments to offset the effects of resource depletion. This “offset-
ting” could either be in terms of utility—i.e., ensuring that future genera-
tions can attain the same utility level as they would have if resource deple-
tion had not occurred—or in terms of the “replacement of the productive
opportunities we have destroyed by the creation of alternative ones.”[17]
The second approach suggests that resource depletion reduces the produc-
tive potential of future generations, and they should be compensated for
this loss.

This article argues that the opportunities criterion should be adopted
rather than the utility criterion. The basis for this position is valid for all
contexts in which questions of justice arise; its application to intergenera-
tional issues is only a special case. To see this, we should first consider in
more detail the case for using the utility criterion.

The argument for using utility as a criterion stems from the general belief
that, in the final analysis, what really matters is the level of satisfaction, hap-
piness, or utility that individuals experience. A generally recognized prob-
lem with this criterion is that it is difficult to define objectively a measure
of happiness, that is suitable for public policy purposes. However, there are
additional objections to using utility as a criterion even if an objective mea-
sure of happiness does exist. Consider the case of two people who do the
same work, at the same level, equally well. Justice demands that they be
paid the same amount, irrespective of the level of happiness that each
derives from that income. The fact that one of them gets more satisfaction
from the income than the other would not be justification for transferring
income from one to the other. Based on their work, these individuals have
a claim to resources, not to a utility level. When applied to future genera-
tions, this line of reasoning suggests that we should be concerned with the
choices available to future generations—in terms of productive potential—
rather than the level of happiness they will achieve. Thus the opportunities
criterion is more relevant than the utility criterion.
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This analysis leads to two questions:
(1) Why should future generations not be left worse off than they would

be if we did not deplete natural resources?
(2) How do we establish what the opportunities of future generations

would be if natural resources were not depleted?

The answer to the first question is simply that there is no powerful counter
argument; there is no compelling justification for the present generation to
claim a larger share of natural resources than future generations, so justice
demands that every generation should get an equal share.

The answer to the second question is both important and difficult. It is
important because if we want to compensate future generations for the loss
of opportunities caused by our use of natural resources, then we must know
what their opportunities would have been had we not used the resources.
One extreme solution suggests that if we leave future generations with a
few picks and shovels to compensate for the resources we have consumed,
then we have increased their productive potential, since “they would then
be in a better position to exploit natural resources than if they had to use
their bare hands.”[22] This extreme suggests that the capital stock
bequeathed to future generations is compensation enough. The problem
with this approach is that the present generation did not create all existing
capital and technology, but inherited a large part of it from past genera-
tions. Inherited capital and technology are similar to natural resources in
that all are passed down from previous generations. Therefore, in address-
ing the problem of natural resource depletion and compensation, we must
consider how weights can be assigned both to the capital stock inherited by
a generation, and to the capital stock it passes on. While these questions
need further thought and investigation, the basic principle for determining
compensation should be to maintain the productive potential of future gen-
erations.

Practical Problems

There are three practical problems associated with the abstract discussion
outlined above:

(1) How can the compensation criterion be made workable? For some
resources we can compensate directly for our use. For example, if we
use 10% of oil reserves, then we can compensate future generations by
developing technologies that make it possible to extract 10% more oil,
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leaving them with as much exploitable oil as the present generation
has. When direct compensation is not possible, other avenues for
resource substitution must be developed.

(2) Where do issues of intragenerational distribution fit in? Some people
have raised objections to worrying about future generations when
there is widespread poverty in this generation. This objection would
be valid if intergenerational and intragenerational justice were incom-
patible, but they are not. However, we are still left with the problem
of how to deal with issues of intragenerational justice. If we apply the
arguments made for intergenerational transfers to intragenerational
issues, then it is clear that natural resources and technology inherited
from the past are the “common heritage of mankind.” Poor countries
therefore have a claim on rich countries.

(3) How does one deal with issues related to uncertainty in relation to poli-
cies which have results in the future? In some cases, the risks and bene-
fits for future generations associated with alternative actions in the
present are uncertain. Standard techniques of decision making under
uncertainty cannot be used to determine whether the actions should
be undertaken, since the probabilities associated with different out-
comes are unknown. The only just solution to this problem is not to
undertake the actions if the risks might include widespread and disas-
trous consequences in the future.

Summary of

Sustainable Rural Development in Latin America:
Building from the Bottom Up

by Miguel A. Altieri and Omar Masera
[Published in Ecological Economics 7 (April 1993): 93–121. Reprinted

with kind permission from Elsevier Science B.V., Amsterdam, The Netherlands.]

In recent years, the debate on sustainable development (SD) has gained
momentum rapidly within Latin America, but a gap remains between the
rhetoric of SD and its reality. Institutional arrangements and market forces
in the agricultural sector are biased against sustainable rural development.
Creating new policies that reduce the resource costs of farming and pro-
mote social and ecological sustainability will be a major challenge for SD,
in addition to addressing the principal development priorities of the region
that include reducing poverty, enhancing food security and self-sufficiency,
conserving natural resources, and encouraging the empowerment and par-
ticipation of poor rural communities. Most top-down national and interna-



Miguel A. Altieri and Omar Masera 357

tional development approaches have not met these goals, but grassroots,
bottom-up approaches by nongovernment organizations (NGOs) have
opened new roads to target the poor directly. Promoting policies that are
not only ecologically sound but also economically profitable is a major chal-
lenge for those NGOs involved in the agricultural sector. The long-term
success of these NGOs will depend upon creating the socioeconomic con-
ditions necessary for widespread implementation of agroecological pro-
grams.

Environment and Development in the Last Two Decades

Conventional “top-down” development strategies have proven to be fun-
damentally limited in their ability to promote equitable and environmen-
tally sustainable development in Latin America. As Latin American coun-
tries are drawn into the existing international economic order, their
governments adopt policies to service their enormous debts, and they
increasingly embrace neoliberal economic models that emphasize export-
led growth. However, these approaches have resulted not only in growth
but also in increased poverty, as well as deforestation, soil erosion, indus-
trial pollution, pesticide contamination, and loss of biodiversity.

During the 1970s, Latin American countries adopted an import substi-
tution industrialization strategy (ISI), emphasizing highly capital- and
energy-intensive industrialization primarily centered on the manufacture of
durable consumer goods. Agriculture was subordinated to industrial devel-
opment, and agricultural surplus was diverted into the industrial sector.
This strategy produced high rates of regional growth, and social indicators
did improve in most countries as a consequence of government social pro-
grams, despite growing inequality in income and land distribution. How-
ever, this approach was not environmentally neutral. Programs such as large
energy and infrastructure projects, colonization of tropical forests, subsidies
to agrochemical companies, expansion of mechanization in agriculture, and
rapid industrialization all vastly expanded the human impact on the region’s
ecosystems.

The region’s economy stagnated in the 1980s, exacerbating environ-
mental problems. The massive debt problem was a key cause of this crisis;
debt service captured between 20 and 40% of the region’s exports, divert-
ing financial resources needed for internal investment. The structural
adjustment programs required by the multilateral development banks as a
condition for new loans have entailed downsizing the state, eliminating
subsidies, controlling inflation, and adopting neoliberal trade policies. The
social costs of these new policies have been high, especially for the poor.

The increasing marginalization of the poor and the deterioration of these
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economies have had further negative impacts on the environment. Bud-
getary cutbacks and the urgent need to generate foreign exchange have led
both to cutbacks in environmental programs and to increasing pressure on
natural resources. Social pressure for access to natural resources has also
increased among the poor, transforming them into agents of overexploita-
tion of fragile lands.

Challenges for Sustainable Rural Development: The Case of
the Peasant Sector

The urgent need to combat rural poverty and to regenerate the deterio-
rated resource base of small farms has stimulated a number of NGOs to
search for new strategies of bottom-up agricultural development and
resource management. These are based on local participation, skills, and
resources, and so they enhance productivity while conserving the resource
base. The central idea of this approach is that development and research
should start with what is already there: local people, their needs and aspi-
rations, their farming knowledge, and their autochthonous natural
resources. The goal has been to define a new agricultural approximation to
the peasant production process based on agroecological principles.

NGOs throughout the region face diverse socioeconomic and agricul-
tural constraints, ranging from lack of access to land and low income of
peasant families to various physical limitations of the agroecosystems. Pre-
liminary evaluations of NGO activities show that they have produced tan-
gible benefits for the local populations such as enhanced food production,
regeneration of natural resources bases, and higher use-efficiency of local
resources. Nevertheless, in many cases these efforts have met with mixed
results, primarily due to an environment in which poor peasants have lim-
ited access to political and economic resources, and in which institutional
biases against peasant production prevail. A bottom-up approach requires
the elimination of three systemic constraints: (1) anti-peasant biases in
credit and extension institutions; (2) perennial underinvestment in peasant
communities; and (3) subsidies to capital-intensive and agrochemical-based
agriculture.

Making Sustainable Rural Development Operative

The design of new procedures and indices for evaluation of projects and
technology is a key step in making sustainable rural development operative,
because it is through these procedures that the final assessment of alterna-
tive projects occurs. Current evaluation procedures, especially cost–benefit
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techniques, give all the weight to the economic dimensions and have
proven inadequate to fulfill the requirements of a broader process of tech-
nology evaluation.

Two emerging evaluation procedures are participatory rural appraisal
(PRA) and natural resource accounting (NRA). NRA techniques incorpo-
rate environmental externalities in conventional cost–benefit analysis and
can be used to evaluate the profitability of agricultural systems when nat-
ural resources are taken into account. One problem with these techniques,
however, is that markets are often imperfect or nonexistent in peasant agri-
cultural systems, so it can be difficult to compile data on resource depletion
and to assign market values to resource losses. NRA techniques also per-
petuate the traditional economic bias by reducing the whole evaluation
process to a monetary indicator.

PRA techniques constitute an important step toward the design of alter-
native bottom-up evaluation procedures. This approach emphasizes the
informal gathering and presentation of information to facilitate a participa-
tory process involving both local residents and multidisciplinary teams of
researchers. The goal is to mobilize communities to define their own pri-
ority problems and opportunities and to prepare site-specific plans of inter-
vention. Data gathering and presentation is based on a rich array of proce-
dures that include semi-structured individual and group interviews.
Technologies are evaluated through very general criteria addressing the
environmental, economic, and social concerns expressed by the local com-
munity. The evaluation schemes utilized in PRA often lack detail, however,
and need to be complemented with more thorough analysis.

Elements of both PRA and NRA techniques could be brought into a sus-
tainable development evaluation framework that does the following: (1)
incorporates aggregate and quantifiable indices, but does not lay out qual-
itative criteria; (2) addresses concerns and trade-offs among long-term and
short-term objectives, and micro and macro costs and benefits; and (3)
contrasts local people’s priorities and interests with “desirable” technology
or project characteristics as stated by the dissemination agency. Researchers
and local residents should remain aware of the elements of both traditional
agricultural knowledge and modern agroecological principles and tech-
niques that offer the potential to conserve and regenerate resources, opti-
mize productive potential and resource use, and facilitate farmer-to-farmer
communication and extension.

Latin American countries must realize that future patterns of growth and
development must be radically different from those of the past. The imme-
diate needs are to achieve a more equitable distribution of wealth, secure
adequate living conditions for the poorest, broaden the bases of participa-
tion in decision-making processes, and conserve and enhance the region’s
natural resource base.
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Summary of

Global Institutions And Ecological Crisis
by Jonathan M. Harris

[Published in World Development 19 (January 1991): 111–122.]

The rapidly escalating environmental problems of today share a common
characteristic: their global nature. This is immediately obvious with respect
to issues such as global warming and the depletion of the ozone layer, but
environmentalists are increasingly recognizing that many other problems
once thought of as purely local concerns have a global dimension as well.
Erosion, the degradation of soil productivity, groundwater pollution and
depletion, desertification, deforestation, toxic agricultural runoff, acid pre-
cipitation, and the exponential rise in toxic industrial wastes are all global
issues in that, to one degree or another, every nation must contend with
their specific consequences. In addition, they are global because the cumu-
lative environmental impact of these crises is transnational. Reliance on
market forces as a solution to these problems is not only an ineffective
response to these threats, but one that can actually create incentives that
militate against effective solutions. An institutional approach is required,
and the requisite institutions must be global in scope in order to effectively
confront the truly global scale of the crises.

The Obsolescence of Present International Institutions

The existing international institutions (the UN, IMF, World Bank, and
GATT) are all firmly rooted in a particular historic era. They were shaped
by the emerging post-war Keynesian consensus and represent an attempt to
institutionalize this policy framework at an international level. In the Key-
nesian vision, economic growth requires government guidance and activist
policies to circumvent the cyclical instabilities that plagued the pre-war
economies. The task assigned to these international agencies was to pro-
mote global economic expansion and to avoid the protectionism and
worldwide deflation of the 1930s. The remarkable expansion of growth and
trade in the early post-war era, as well as the dramatic reconstruction of
Europe and Japan, seemed to fulfill the Keynesian vision and justify the
faith many had placed in these institutions.

However, with the growing international economic stresses of the 1970s
and 1980s, theorists and policy makers have moved away from the Keyne-
sian perspective. Recent theory has sought to minimize the role and effec-
tiveness of government policy. Meanwhile, in practice the primary policy
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response of the IMF to the debt crisis has been deflationary and contrac-
tionary rather than expansionary. Turning the legacy of Keynes upside
down is doubtless applauded by many economists today, as Keynesian pol-
icy prescriptions have been repeatedly blamed for the worldwide inflation-
ary conditions of the 1970s. In this view, the harsh monetarist policies that
produced the recession of the early 1980s were a necessary corrective, an
approach that would be validated by the ensuing surge of vigorous supply-
side growth. However, while growth did resume in some areas, it was driv-
en by the unplanned burst of consumer demand in the United States, sup-
ported by its trillion dollar credit line. Not only did this growth do little to
help the developing nations, but it led as well to major structural trade
imbalances and stagnation or decline for many nations.

Under these conditions, the role of the World Bank, the IMF, and GATT
has shifted from guiding and shaping world economic development to
struggling to manage problems and alleviate the symptoms of stress. How-
ever, the policy tools of these institutions are inadequate for this new task.
The IMF lacks the authority to impose the necessary macroeconomic fiscal
and trade policies on the United States, Germany, and Japan. At the same
time, it has imposed austerity programs on Latin America and Africa that
have made the 1980s a lost decade for these debtor nations. The World
Bank’s long-term development goals are frustrated by the overwhelming
debt burden, so the Bank too has adopted short-term policies. GATT
negotiations have focused on limiting the trade-restricting and neomercan-
tilist policies being adopted by nations as they try to pay off debt or gain
market share. It is becoming increasingly clear that these existing economic
institutions will not provide an adequate basis for sustainable world devel-
opment into the twenty-first century. This reality becomes starker when we
factor in the global ecological crisis.

A Revitalized Keynesian Vision

The failure of the world economic institutions is not the failure of the Key-
nesian vision that inspired them. Indeed, in terms of the goals set in 1944
they have been spectacularly successful. The new problems faced today arise
in part from their very success in meeting their original goals of recon-
struction and growth of the northern economies. They also stem from the
imperfect inclusion of developing nations in world growth, and from envi-
ronmental issues unforeseen by the original architects of the post-war world
order. A renewed global Keynesianism is needed that both focuses on the
unsolved problems of development and is integrated with an analysis of the
ecological basis of economic activity.
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Keynesian interventionism goes beyond the limited neoclassical post-
Keynesian vision that was derived from Hicks and systematized by Samuel-
son. In addition to demand-side fiscal and monetary policies, a thorough
Keynesian analysis would include policies for income redistribution, greater
social management of investment, market stabilization, and managed trade.
Resource management and environmental protection policies are also quite
consistent with this framework. The present global crisis demands the use
of this whole range of Keynesian policy tools, but with a special emphasis
on environmental policies.

Ecology, Entropy, and Economic Theory

Environmental analysis is still undeveloped in economic theory. Traditional
cost–benefit analysis, though useful in some specific instances, is an inade-
quate tool for conceptualizing ecosphere disruptions that threaten the very
basis of life on earth. There is, however, a body of work—unfamiliar to
most economists—that endeavors to place the economic system within the
context of the earth’s biological and geophysical systems. This work ana-
lyzes economic activity as subject to the fundamental physical laws of
entropy. According to this theory, much of our modern economic produc-
tion uses up stocks of low-entropy matter, thus irreversibly decreasing our
wealth in terms of available resources, while generating high-entropy
wastes. These effects cause an unacceptable strain on natural systems that
may ultimately destroy their ecological stability. Traditional economists
tend to assume that new technologies will overcome these problems and
assure a continuous supply of resources for economic use. The entropy the-
ory, in contrast, is based on the presumption that there are limits to
growth. It asserts that economic systems must operate under the con-
straints of limited stocks of low-entropy resources, the limited capacity of
biological systems to produce foods, and the limited capacity of the earth
to absorb high-entropy waste products. “Ultimately the only sustainable
world economic system is a steady state economy using the low entropy
available from the solar flux.”[118]

New Institutions for Global Development

If we take the conclusions of entropy analysis seriously, economic policy
must shift its focus from promoting economic growth to managing growth
and maintaining sustainable forms of economic activity. Global institutions
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must then fulfill two sets of functions: the traditional Keynesian functions
of employment creation, redistribution, and stabilization; and the new
functions of resource conservation, waste management, environmental pro-
tection, and planning for ecological sustainability. These institutions should
include:
(1) an expanded International Financial Institution based on the present

IMF but with greater powers of liquidity creation;
(2) an institution similar to the World Bank, but with a vastly expanded

capacity to focus on sustainability and environmental reclamation;
(3) a Global Public Works Institution that would finance and operate

health, education, literacy, waste management, population control,
and environmental protection programs in developing nations;

(4) a Global EPA with a mandate to conduct environmental monitoring;
(5) a Global Resource Management Agency charged with the creation and

management of world parks;
(6) an International Research and Technology Transfer Institution to pro-

mote and disseminate ecologically sound technologies;
(7) an International Trade Organization to deal with questions of man-

aged trade; and
(8) an International Peacekeeping Institution with more extensive powers

than the present UN forces.

Such a global institutional structure is as sweeping and “unthinkable” in
today’s international politics as many of the New Deal reforms would have
been in the United States in the 1920s. It took the calamity of the Great
Depression both to reveal that the existing status quo was inadequate and
to produce the political conditions necessary for reform. Now we are again
at a stage in history in which economic developments have overtaken the
institutions that manage them. The historic precedent is the establishment
of the present global institutions in the 1940s, with their strong Keynesian
inspiration—a process that was facilitated by the hegemonic position of the
United States. Is it possible to replicate this success in the more pluralistic
and conflict ridden world of today? Given the urgency of the crisis, and the
perils of delay, it is not impossible to imagine that the political leaders of
the developed world may become willing to take the risks and confront the
ecological crisis. Measured against the severity of the problem, the political
and economic barriers may not be as insuperable as conventional analysis
would lead us to believe
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