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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-

xxi
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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 imstead 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 arveas. 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 vesearch 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.! 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 Natuve 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).

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.? 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,? 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.

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.*

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.?

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 Socinl
Science and the Possibility of Social Progress (in preparation).

2. Another word, favored by many economists, is #tility. 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 Matteved: Transiating Social and Economic Theory into Human
Behavior, ed. Neva R. Goodwin (Ann Arbor: University of Michigan Press, forth-
coming).

5. John Hicks, Wealth and Welfarve: Collected Essays on Ecomomic Theory, Vol. 1
(Cambridge, Massachusetts: Harvard University Press, 1981), 232-33.






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.! 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 staft 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.






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
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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,
CO, 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-suftti-
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”—rveduction of resource consumption by the rich. (A notable exam-
ple of this is seen in current proposals for a “trade-oft” of CO, 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), Senior! 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’s? 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). Jevons® 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.

Menger* and Walras® 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—Iimits 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 s