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Abstract

The economic theory that serves as the basis for coordinating economic activities in the global market system
and for implementing economic solutions for environmental problems is neoclassical economics. In economic
textbooks, the creators of this theory are credited with transforming the study of economics into a rigorously
mathematical scientific discipline. But what is not widely known is that neoclassical economic theory was
created by substituting economic constructs derived from classical economics for physical variables in the
equations of a soon-to-be outmoded mid-nineteenth century theory in physics. The mathematical formalism
that resulted from these substitutions was predicated on unscientific axiomatic assumptions that remained
essentially unchanged in subsequent extensions and refinements of neoclassical economic theory. And this ex-
plains why the mathematical formalism used by contemporary practitioners of neoclassical economic theory
effectively precludes the prospect of implementing scientifically viable economic solutions for a broad range

of very menacing environmental problems.
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An article on the editorial page of The New York Times
attributed the regulatory failure that resulted in the global
financial crisis in the fall of 2008 to the “...Bush admin-
istration’s magical belief that the market, with its invis-
ible hand, works best when it is left alone to self regulate
and self correct.”’(1). What the editorial failed to mention
is that this “belief” is the central legitimizing principle
in the economic theory that serves as the basis for co-
ordinating economic activities in the global market sys-
tem-- neoclassical economics. Virtually all mainstream
economists are practitioners of this theory, and this list
includes the economists who developed the Bush admin-
istration’s $700 billion Economic Stimulus Plan and the
Obama administration’s $789 billion American Recovery
and Reconstruction Plan. The fundamental assumption in
these bailout plans is that the global economic crisis exists
because the self correcting and self regulating dynamics
of market systems associated with the “invisible hand”
ceased to function properly. And the intent of these plans
is to create market conditions in which these dynamics
can regain their proper functioning through a massive
infusion of capital generated by deficit spending.

In economic textbooks, the creators of neoclassical
economic theory are credited with disclosing the lawful

dynamics of market systems and transforming the study
of economics into a rigorously mathematically scientific
discipline. But what these textbooks fail to mention is that
neoclassical economic theory was created by substituting
constructs derived from classical economics for physical
variables in the equations of a mid-nineteenth century
theory in physics (2).

A number of physicists told the economists that the
economic constructs were utterly different from the
physical variables and there was no rational basis for
making the substitutions. But the economists apparently
failed to comprehend how devastating this criticism was
and proceeded to claim that they had transformed the
study of economics into a scientific discipline comparable
to physics. As it turned out, the origins of neoclassical
economic theory in mid-nineteenth century physics were
soon forgotten and the claim that neoclassical economic
theory is scientific was almost universally accepted.

At this point, it is important to emphasize that it is not my
intention to launch an ill mannered attack on the moral or
intellectual integrity of mainstream economists. Obvious-
ly, there is nothing wrong with using complex mathemati-
cal formalism to model tendencies to occur in economic
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reality and the formalism used by the practitioners of neo-
classical economic theory provides a reasonably coherent
basis for coordinating economic activities in market
systems. But as this discussion will demonstrate, this
theory can no longer be viewed as useful in even strictly
pragmatic or utilitarian terms because it fails to meet what
must now be viewed as the fundamental criterion for the
usefulness of any economic theory- the extent to which
the theory allows economic activities to be coordinated in
environmentally responsible ways.

I posit that one reason why neoclassical economic theory
cannot pass this test relates to its little known and rarely
discussed origins in mid-nineteenth century physics.
After the creators of neoclassical economic theory substi-
tuted the economic constructs for the physical variables
in the equations borrowed from physics, the resulting
mathematical formalism was predicated upon unscientific
axiomatic assumptions. Subsequent generations of main-
stream economists extended and refined this formalism,
but this failed to result in any substantive changes in the
axiomatic assumptions (3).

While this may seem like a rather esoteric intellectual
problem, it has some devastating real-world consequenc-
es for the following reason- the unscientific assumptions
in neoclassical economic theory obviate the prospect of
implementing scientifically viable economic solutions for
global warming and other menacing environmental prob-
lems. Understanding why this is the case requires some
familiarity with the origins and transformations of the
construct of the “invisible hand” in the history of main-
stream economic theory.

The Not So Worldly Philosophers

The eighteenth century classical economic theorists
(Adam Smith, Thomas Malthus, and David Ricardo) were
moral philosophers who participated in, and were greatly
influenced by, a widespread philosophical and religious
movement known as Deism. The fundamental impulse
of this movement was to make belief in the existence of
God consistent with the implications of the mechanistic
worldview of Newtonian physics. Since this physics as-
sumes that physical laws determine the current and future
states of physical systems, the Deists concluded that the
universe does not require, or even permit, active interven-
tion by a deity after the first moment of creation. They
then imaged the deity as a clockmaker and the universe

as a clock regulated and maintained after its creation
by physical laws.

The philosophers we now regard as classical economists
assumed that the deity created two sets of laws to gov-
ern the workings of the clockwork universe- the laws of
Newtonian physics and the natural laws of economics (4).
Based on this assumption, they claimed that the natural
laws of economics govern decisions made by economic
actors in much the same ways that Newtonian laws of
gravity govern the movements and interactions of mate-
rial objects. This allowed the classical economists to ar-
gue that these natural laws manifest as forces that govern
the behavior of economic agents and maintain order and
stability in market systems even if the actors are com-
pletely unaware that this is the case. Adam Smith referred
to these forces as an “invisible hand” and this hand, in his
view, was that of the providential but absentee deity (5).

In Wealth of Nations, Smith said that the invisible hand is
analogous to the invisible force that causes a pendulum to
oscillate around its center and move toward equilibrium,
or a liquid to flow between connecting chambers and find
its own level. Based upon this analogy, Smith claimed that
this unseen hand is the force that moves independent ac-
tors in pursuit of different values toward the equalization
of rates of return, and accounts for the tendency of mar-
kets to move from low to high returns. Given that Smith’s
invisible hand has no physical content and is an emblem
for something postulated but completely unproven and
unknown, we must question why he assumed that it actu-
ally exists. The answer is that Smith was a Deist and his
belief in the existence of the invisible hand was an article
of faith.

The physical theory that contained the equations the neo-
classical economists ( e.g.- Stanley Jevons, Leon Walras,
Maria Edgeworth, and Vilfredo Pareto) used as a template
to develop their mathematical models emerged from the
1840s to the 1860s. During this period, physicists gener-
ated numerous hypotheses about matter and forces in an
effort to explain the phenomena of heat, light, and elec-
tricity. In 1847 Hermann-Ludwig Ferdinand von Helm-
holtz, one of the best known and most widely respected
physicists at this time, posited the existence of a vague
and ill-defined field of energy that could unify these
phenomena. This served as the catalyst for the so-called
“energetics” movement in which physicists attempted to
account for diverse physical phenomena in terms of a uni-
fied and protean field of energy that fills all space. In an
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effort to explain how this vaguely defined system could
somehow remain the same as it undergoes changes and
transformations, the physicists appealed to the conserva-
tion of energy law which states that the sum of kinetic and
potential energy in a closed system is conserved (2).

The strategy used by the creators of neoclassical econom-
ic theory was as simple as it was absurd- they wrote down
the equations of the theory in physics and substituted con-
structs derived from classical economics for the physical
variables. Utility, a measure of economic satisfaction and
well being, was substituted for energy, the sum of util-
ity for potential energy, and expenditure for kinetic en-
ergy. In the resulting mathematical formalism, it was as-
sumed that economic actors move and interact within a
field of energy that fills all space, that the natural laws of
economics operate within this field, and that forces as-
sociated with these laws legislate any and all decisions
made by the actors.

Since the physical system described in the theory in phys-
ics was closed, the economists assumed that the market
system described in their economic theory was closed.
This was the origins of the assumption in neoclassical
economic theory that market systems exist in a domain
of reality that is separate and distinct from the external
environment. And since the sum of energy in the theory
in physics was conserved, the economists assumed that
the sum of utility must be conserved. What these econo-
mists apparently failed to realize is that the sum of in-
come/utility in an economic system is not conserved, and
the conservation principle is quite meaningless in any real
economic process. Nevertheless, this assumption is foun-
dational to neoclassical economic theory in its present
form--constrained maximization in general equilibrium
theory.

In an effort to justify the claim that utility is conserved,
the economists argued that production and consumption
of goods and commodities are physically neutral pro-
cesses that do not alter the sum of utility. They did so ap-
pealing to what was then regarded as a self-evident truth
in the physical sciences- the law of the conservation of
matter. Since this law states that matter cannot be created
or destroyed, the economists claimed that the production
of goods and commodities does not alter or change the
immutable stuff from which they are made. They then
proceeded to argue that any value accrued as a result of
production and consumption must reside in the mental
space of the economic actors.

This was the origin of two additional assumptions that
are foundational to neoclassical economic theory. The
first is that economic actors interact within a field of force
(utility) in which the natural laws of economics legislate
over their economic decisions and determine the value of
goods, commodities, and services. The second is that the
value of these goods, commodities, and services circulates
in this field as capital in a closed loop from production to
consumption.

This strange marriage between economic thought and
mid-nineteenth century physics helps to explain why neo-
classical economic theory is predicated on the following
assumptions:

e The market is a closed circular flow of capital be-
tween production and consumption without inlets or
outlets.

e Market systems exist in a domain that is separate and
distinct from the external environment.

e The natural laws of economics, if left alone, will en-
sure that market systems will perpetually grow and
expand.

* The unimpeded operations of the natural laws of eco-
nomics will result in the perpetual expansion of na-
tional economies and the global market system.

e Environmental problems result from market failures
or incomplete markets.

e The natural laws of economics can resolve environ-
mental problems via price mechanisms, more effi-
cient technologies, and production processes.

e Inputs of raw materials into the closed market system
from the external environment are “free” unless or
until costs associated with their use are internalized
within the system.

e The resources of nature are largely inexhaustible, and
those that are not can be replaced by other resources
or by technologies that minimize the use of the ex-
haustible resources or rely on other resources.

e The costs of damage to the external environment by
economic activities must be treated as costs that lie
outside the closed market system, or as costs which
are not included in the pricing mechanisms that oper-
ate within these systems.

e These costs can be internalized in the closed market
system with the use of shadow pricing and the es-
tablishment of property rights for environmental re-
sources and amenities.

* Biophysical limits do not impede the growth of mar-
ket systems.
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One does not have to be a scientist to realize that these
assumptions make no sense at all in scientific terms. In
these terms, markets are open systems that are embedded
in and interactive with the global environment, and there
is a definite relationship between economic activities and
the state of this environment. Natural resources are clearly
exhaustible and our over-reliance on one of these resourc-
es, fossil fuels, could soon result in irreversible large-
scale changes in the climate system. The natural environ-
ment is not separate from economic processes, and wastes
and pollutants from these processes are already at levels
that threaten the stability and sustainability of virtually all
environmental sub-systems. Last but not least, the limits
to the growth of the global economy in biophysical terms
are real and inescapable, and the assumption that market
systems can perpetually expand and consume more scarce
and nonrenewable natural resources is utterly false (4).

A Green Thumb on the Invisible Hand

Mainstream economists who specialize in developing eco-
nomic solutions for environmental problems are known as
environmental economists, and this sub-discipline in neo-
classical economics is taught in universities and practiced
in government agencies and development banks. Because
neoclassical economic theory is predicated on the as-
sumption that functional market economies must grow
or expand, environmental economists presume that the
health of these economies is sensitive to, and dependent
upon, the consumption of increasingly larger amounts of
environmental resources. And because the theory is also
predicated on the assumption that market systems exist in
a domain of reality distinct from the external natural envi-
ronment, environmental resources outside of this domain
are viewed as “goods, services and amenities” that are
not subject to the pricing mechanisms that operate within
these systems.

When environmental economists calculate the environ-
mental costs of economic activities, they assume that the
relative price of each bundle of an environmental good,
service, or amenity is equivalent to the “real marginal
values” of the consumer. In the mathematical formalism
used by these economists, a marginal value essentially
represents how much a consumer is willing to pay to ac-
quire more of something else. The following is a descrip-
tion of the dynamics of this process by environmental
economists Henry, Shogren and White:

“...the power of a perfectly functioning market
rests in its decentralized process of decision mak-
ing and exchange; no omnipotent planner is needed
to allocate resources. Rather, prices ration resources
to those that value them the most and, in doing so,
individuals are swept along by Adam Smith’s in-
visible hand to achieve what is best for society as
a collective. Optimal private decisions based on mu-
tually advantageous exchange lead to optimal social
outcomes.”(6).

In environmental economics, the presumption that opti-
mal private decisions “based on mutually advantageous
exchange” lead to optimal social outcomes for the state
of the environment is a primary article of faith. Environ-
mental economists assume that these outcomes will occur
when the optimal private decisions determine the “right
price” of environmental goods and services. The “right
price” in neoclassical economic theory is a function of the
prices that economic actors have paid, or are willing to
pay, to realize some marginal benefits of environmental
goods and services. This explains why much of the work
of environmental economists is devoted to estimating the
environmental costs of economic activities in these terms.
This view of right prices also explains why the term “en-
vironmental externalities” has a rather peculiar meaning
in neoclassical economic theory.

Externalities are situations in which the production or
consumption of one economic actor affects another who
did not pay for the good produced or consumed, and ex-
ternalities are viewed as either negative or positive. For
example, environmental economists often cite pollution
as an example of the former and preservation of biological
diversity as an example of the latter. When these econo-
mists use the phrase “environmental externalities,” they
are referring to environmental goods and services that are
“external” to market systems in the sense that they are
presumed to exist outside of the domain in which the al-
legedly lawful dynamics of these systems operate.

Environmental economists often use cost: benefit analy-
sis to place a value on environmental externalities, and
the results of these analyses have significantly influenced
public policies that address environmental issues. The
problem that these accounting procedures are intended to
resolve is that the only “real marginal values” that can be
conferred upon the environment are determined by forces
associated with the natural laws of economics that only
operate within closed market systems. Given that much
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of the damage to the natural environment caused by eco-
nomic activities cannot be valued in these terms, envi-
ronmental economists have developed indirect methods
that are designed to estimate the “use-value” of these re-
sources (7).

Contingent valuation methods have been used to assess
the use-value of recreation, scenic beauty, air quality, wa-
ter quality, species preservation, bequests to future gener-
ations, and other non-market environmental resources.
Such methods are intended to assess the willingness-
to-pay function of economic actors who would prefer
to preserve natural environments (i.e.- preservation or
existence values), maintain the option of using natural
resources (i.e.- option values), and bequeath natural re-
sources to future generations (i.e.- bequest values) (8).
Most contingent valuation surveys seek to determine both
the maximal amount that individuals are willing to pay for
an increased quality of an environmental resource and the
minimal amount they are willing to accept as compensa-
tion to forgo this increase.

For the sake of argument, let us assume that contingent
valuation studies are capable of fully revealing maximal
social outcomes of environmental policy decisions. Are
we then to believe, as one such study suggested, that re-
duction in chemical contaminants in drinking water was
not important in economic terms because the value of a
statistical life associated with a reduction in risk of death
in thirty years was only $181,000 (9)? Is $26 a measure
of the real marginal costs of pollution because this is the
average price that a household is willing to annually pay
for a 10 percent improvement in visibility (in eastern U.S.
cities (10). Is the value of whooping cranes the $22 per
year average that one set of households was willing to pay
to preserve this species (11), and the value the bald eagle
the $11 per year average that another set of households
would spend to preserve this apparently less valuable spe-
cies (12)?

Mainstream Economics and the Post Kyoto
Agreement

Most of the commentary on the failure of the international
community to resolve problems in the global environment
places the blame on the usual suspects- the greed of in-
ternational corporations, the benighted environmental
policies of the Bush administration, and the inability of
prosperous nations to empathize with the plight of poorer
countries. But the principal barrier to resolving this crisis

is not the usual suspects. It is the failure to realize that
unscientific assumptions in neoclassical economic theory
effectively preclude the prospect of implementing scien-
tifically viable economic solutions.

Scientific evidence may play a supportive and enabling
role in the process of forging international agreements in-
tended to resolve problems in the global environment, but
only as a minimum condition for serious consideration of
an environmental issue. What is not well known is that
these agreements have made a mockery of scientifically
viable solutions. In the majority of negotiations on issues
such as commercial whaling, hazardous waste trade, loss
of biodiversity, conditions in the Antarctic, and ocean
dumping of radioactive waste, the scientific evidence was
not given serious consideration. When this evidence was
perceived as a direct threat to the relative economic in-
terests of particular nation-states, it was either systemati-
cally ignored or explicitly rejected by representatives of
these states.

The unfortunate result is that the Framework Convention
on Climate Change (1992) failed to protect the climate
system, the Convention on Biological Diversity (1992)
did not even begin to reduce losses in biodiversity, and
the Convention to Combat Desertification (1994) did not
slow, much less reverse, this process. Similarly, the Con-
vention on the Law of the Sea (1982) and a host of other
international agreements that were intended to reduce
ocean pollution, prevent over fishing, and protect endan-
gered species failed to meet any of these objectives (13).

The economic interests that representatives of nation
states seek to protect are normally based on the cost: ben-
efit analyses done by mainstream economists, and the
results of these analyses almost invariably indicate that
that the costs of implementing scientifically viable eco-
nomic solutions are greater than the benefits. This largely
explains why scientifically viable economic solutions for
global warming did not survive the multi-year process
of forging the post Kyoto agreement. All of the existing
proposals would allow worldwide emissions of carbon di-
oxide to increase substantially for ten years or more, and
subsequent reductions are intended to stabilize concentra-
tions of this greenhouse gas in the atmosphere between
450 and 550 parts per million (ppm) by 2050.

The problem is that recent scientific research has revealed

that if any these solutions are implemented in the final
agreement, there is a high probability that global warm-
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ing will trigger irreversible large-scale changes in the
climate system. The “good news” is that these changes
could be avoided by reducing atmospheric concentrations
of carbon dioxide from the present 385 ppm to 350 ppm
over the next twenty years (14). The “bad news” is that
this would require reductions in worldwide emissions
of carbon dioxide that are several orders of magnitude
greater than those called for in any of the proposals that
will be considered during the final phase of forging the
terms of the post-Kyoto agreement. Even more alarming,
all of these proposals would allow worldwide emissions
of carbon dioxide to increase to the point where irrevers-
ible large-scale changes in the climate system are likely
to occur.

The Stern Review on the Economics of Climate
Change

The most ambitious proposal is the Stern Review on the
Economics of Climate Change, developed by internation-
ally known British economist Nicolas Stern and his col-
leagues (15). This 700 page document is widely viewed
as the first systematic attempt by mainstream economists
to realistically assess the costs of mitigating the impacts
of global warming. But even in the unlikely event that the
Stern proposals are implemented in a post-Kyoto agree-
ment, this would not prevent the most disastrous conse-
quences of global warming. This is the case because Stern
and his colleagues are practitioners of neoclassical eco-
nomic theory, and unscientific assumptions in this theory
disallow the prospect of implementing scientifically vi-
able economic solutions.

For example, all of the proposals in the Stern Review are
predicated on the assumption that “closed” market sys-
tems will remain in equilibrium and continue to grow or
expand regardless of the disequilibrium that exists in the
“external” environment. Based on this assumption, Stern
and his colleagues predict that average per capita income
and consumption will increase 1.3% per annum until the
year 2100, and estimate that the costs of effectively miti-
gating the impacts of global warming will be 1% per an-
num of global GNP. Numerous commentators have been
impressed by this relatively modest estimate of mitigation
costs. But virtually nothing has been said or written about
the fact that this estimate is based on the assumption that
the average levels of income and consumption for people
living in the year 2100 will be 12.3 times greater than they
are today.

The inconvenient scientific truth here is that the global
market system will not remain in equilibrium and con-
tinue to grow and expand in a world where the global cli-
mate system is in a state of extreme disequilibrium. In this
world, dramatic increases in the intensity and frequency
of floods and droughts would cause crop failures and dra-
matic declines in agricultural production in most regions
on the planet. People living in prosperous countries like
the United States would experience severe food and water
shortages, and those living in poorer countries, particular-
ly in South Africa and central and south Asia, would not
have sufficient food and water to sustain their existence.

The melting ice sheets in Antarctica and Greenland would
cause sea levels to rise by one to two meters, and densely
populated low-lying regions in the Indian subcontinent
and elsewhere would become uninhabitable. The disap-
pearance of the mountain glaciers in the Himalayas, An-
des and Rocky Mountains would deprive hundreds of
millions of people of their primary source of fresh drink-
ing water. In the most severely affected countries, mass
migrations of starving and desperate people into neigh-
boring countries would trigger border conflicts that could
easily escalate into full scale wars. In one of the regions
where this is likely to occur, the full scale war could be
between the nuclear armed countries of India and Paki-
stan (16, 17, 18, 19).

Irreversible large scale changes in the climate system
would also disrupt economic activities in every region
or territory on the planet. These disruptions would result
in large financial losses by business owners and inves-
tors, dramatic declines in savings and capital investments,
rapid increases in the prices of scarce commodities and
foodstuffs, runaway inflation, and massive unemploy-
ment. Banking systems and stock markets in underdevel-
oped and developing countries would collapse, and those
in developed counties would suffer catastrophic losses. In
contrast with previous financial crises, productivity, profit
margins, and returns on investment in stocks, bonds and
other financial instruments would continue to decline.
And since capital for investment spending would not be
available, the global market system would collapse. The
obvious conclusion is that if the international community
fails to implement a bailout plan for the global climate
system, bailout plans for the global market system will
only hasten its demise.
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The “Two Culture” Problem

In my view, the greatest obstacle to implementing a post-
Kyoto agreement that could prevent global warming from
triggering irreversible large-scale changes in environmen-
tal systems is not the claim that neoclassical economic
theory is scientific. It is the problem of “two cultures” fa-
mously described by British physicist and novelist C. P.
Snow in 1959. Snow was concerned that the single intel-
lectual culture that existed prior to World War II was split-
ting into two cultures with social scientists on one side
of the divide and natural and physical scientists on the
other. As it turned out, the two-culture problem was not
resolved, the members of these groups became increas-
ingly isolated from each other, and the divide became a
yawning chasm.

I argue that failure to resolve the two-culture problem
explains why mainstream economists and environmental
scientists have virtually no contact with one another and
perform completely different roles and functions during
every stage in the process of developing economic solu-
tions for environmental problems. This largely explains
why the language used by one group is often incompre-
hensible to those in the other and why other large cul-
tural differences exist. These differences include alternate
worldviews, disparate values, and diverse and incompat-
ible rules for gathering evidence and making predictions
based on this evidence.

The most expedient way to resolve this two-culture prob-
lem is also the most efficient way to develop scientifi-
cally viable economic solutions for environmental prob-
lems. The solution is to create institutional frameworks
and processes that require mainstream economists and
environmental scientists to work closely together during
every stage in the process of developing these solutions.
But this vital enterprise will not be successful unless the
scientists and economists who participate in this process
are willing to adopt a reconciliatory posture and engage
in an open and honest debate about knowledge claims on
both sides of the two culture divide.

The economists might not appreciate being told that the
economic theory they have used throughout the past cen-
tury is predicated on unscientific assumptions. And the
scientists may not appreciate being told that the benefits
of protecting environmental resources must be evaluated
in terms of the economic losses that could be suffered by
people who depend on these resources for their liveli-

hood. But this dialogue could be both highly beneficial
and productive if the members of both cultures realize
that the objective is not to win an intellectual debate or
defeat an intellectual foe. It is to achieve the level of mu-
tual cooperation and understanding required to realize a
rare opportunity. The opportunity is to protect the lives
of the 6.9 billion members of the extended human family
and the future existence of subsequent generations of this
family by developing and implementing scientifically vi-
able solutions for environmental problems. In this grand
enterprise, the public good is human ecology writ-large
and this good would be viewed as dependent on and nest-
ed within the global environment.

During his presidential campaign, Barack Obama re-
peatedly said that his administration would do all that is
required to effectively deal with the problem of global
warming. If now President Obama intends to keep this
promise, I believe that there are three initiatives that
should be at the top of his political and legislative agenda.
The first is to create a federally sponsored commission in
which mainstream economists and environmental scien-
tists will work closely together to develop scientifically
viable economic policies and programs that can reduce
worldwide emissions of carbon dioxide to levels where
large scale irreversible changes in environmental systems
the will not occur. The second is to develop a proposal
for implementing these policies and programs in a post-
Kyoto agreement that privileges the well being of all of
humanity over the narrowly defined and short sighted eco-
nomic interests of the United States and other developed
countries. And the third is to use the diplomatic and other
resources required to ensure that this proposal is imple-
mented during the final phase of forging the terms of this
agreement. If this initiative is successful, Barack Obama
will be remembered not merely as a great American presi-
dent, but also as one of the most humane and enlightened
political leaders in the annals of human history.
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