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Three Themes: Efficiency, Optimality
and Sustainability

The three themes of the natural resource and environmental economics are

efficiency, optimality and sustainability. U1 In this paper, we briefly explain

these themes, and then look at the emergence of the field of study which is the
economic analysis of natural resources and the environment. We then identify
some of the key features of that field of study.

Three themes

The concepts of efficiency are used in specific ways in _economic

analysis. 1 One way of thinking about efficiency is in terms of missed
opportunities. If resource use is wasteful in some way then opportunities are
being squandered; eliminating that waste (or inefficiency) can bring net
benefits to some group of people. An example is energy inefficiency. It is often
argued that much energy is produced or used inefficiently, and that if different

techniques were employed significant resource savings could be gained with no

loss in terms of final output, ©

This kind of argument usually refers to some kind of technical or physical
inefficiency. Economists usually assume away this kind of inefficiency, and

focus on allocative inefficiencies. Even where resources are used in technically

efficient ways,t! net benefits are sometimes squandered. For example,

suppose that electricity can be, in technically efficient ways, generated by the

burning of either some heavily polluting fossil fuel,®! such as gas. Because of a

lower price for the former fuel, it is chosen by profit-maximizing electricity

producers. 1 However, the pollution results in damages which necessitate
expenditure on heath care and clean-up operations. These expenditures, not
borne by the electricity supplier, may exceed the cost saving that electricity
producers obtain from using coal.

. 2.



Part I Resource (Land) Economics and Environmental Economics

If this happens there is an_inefficiency that results from resource allocation

choices even where there are no technical inefficiencies, 1 Society as a whole would

obtain positive net benefits if the less polluting alternative were used. Such allocative

inefficiencies will be pervasive in the use of natural and environmental resources in

pure market economies. ¥1A substantial part of environmental economics is concerned

with how economies might avoid inefficiencies in the allocation and use of natural and

environmental resources, []

The second concept-optimality — is related to efficiency, but is distinct
from it. To understand the idea of optimality we need to have in mind:

a. a group of people taken to be the relevant ‘society’;

b. some overall objective that this society has, and.in terms of which we
can measure the extent to which some resource-use decision is desirable from
that society’s point of view,

Then a resource-use choice is socially optimal if it maximizes that objective

given any relevant constraints that may be operating. 1

The reason efficiency and optimality are related is that it turns out to be
the case that a resource allocation cannot be optimal unless it is efficient. That

is, efficiency is a necessary condition for optimality.® This should be

intuitively obvious: if society squanders opportunities, then it cannot be

maximizing its objective (whatever that might be). However, efficiency is not

a sufficient condition for optimality®'?; in other words, even if a resource

allocation is efficient, it may not be socially optimal. This arises because there

will almost always be a multiplicity of different efficient resource allocations,

but only one of those will be ‘best’ from a social point of view. 1 Not

surprisingly, the idea of optimality also plays role in economic analysis.

The third theme is sustainability. For the moment we can say that
sustainability involves taking care of posterity. On first thinking about this, you
might suspect that, given optimality, a concept such as sustainability is redundant. If
an allocation of resources is socially optimal, then surely it must also be sustainable?
If sustainability matters, then presumably it would enter into the list of in achieving

optimality. Things are not quite so straightforward. The pursuit of optimality as

usually considered in economics will not necessarily take adequate care of

posterity. "1 If taking care of posterity is seen as a moral obligation, then the pursuit
of optimality as economists usually specify it will need to be considered by a
e 3.
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sustainability requirement.
The emergence of resource and environmental economics

We now briefly examine the development of resource and environmental
economics from the time of the industrial revolution in Europe.
Classical economics: the contributions of Smith, Malthus, Ricarde and Mill to
the development of natural resource economics

While the emergence of natural resource and environmental economics as a

distinct sub-discipline has been a relatively recent event, concern with the

substance of natural resource and environmental issues has much easier

antecedents. ' It is evident, for example, in the writings of the classical
economists, for whom it was a major concern. The label ‘classical’ identifies a
number of economists writing in the eighteen and nineteen centuries, a period
during which the industrial revolution was taking place (at least in much of
Europe and North America) and agricultural productivity was growing rapidly.

A recurring theme of political-economic debate concerned the appropriate
ws)

institutional arrangements for the development of trade and growth.
These issues are central to the work of Adam Smith (1723-1790). Smith

was the first writer to systematize the argument for the importance of markets

in allocating resources, although his emphasis was placed on what we would
now call the dynamic effects of markets. His major work, An Inquiry into the
Nature and Causes of the Wealth of Nations (1776), contains the famous

statement of the role of the ‘invisible hand’. '

But it is only for the sake of profit that any man employs a capital in the
support of industry; and he will always, therefore, endeavor to employ it in the
support of that industry of which the produce is likely to be of the greatest value, or
to exchange for the greatest quantity, either of money or of other goods.

As every individual, therefore, endeavor as much as he can both to
employ his capital in the support of domestic industry, and so to direct that
industry that its produce may be of the greatest value; every individual
necessarily labors to render the annual revenue of the society as great as he
can. He generally, indeed, neither intends to promote the public interest, nor
knows how much he is promoting it ... he is, in this as in many other cases, led
by an invisible hand to promote an end which was no part of his intention ...

o 4
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... By pursuing his own interest he frequently promotes that of society
more effectively than when he really intends to promote it,

This belief in the efficacy of the market mechanism is a fundamental

organizing principle of the policy prescriptions of modern economics, including
1689 |

resource and environmental economics.

Resource and environmental economics

A central interest of the classical economists was the question of what

determined standards of living and economic growth. I**1 Natural resources were seen

as important determinants of national wealth and its availability. When to this were
added the assumptions that land was a necessary input to production and that it

exhibited diminishing returns, the early classical economists came to the conclusion

that economic progress would be a transient feature of history. ® They saw the

inevitability of an eventual stationary state, in which the prospects for the living

standard of the majority of people were bleak. *

This thesis is most strongly. associated with Thomas Malthus (1766-
1834), who argued it most forcefully in his Essay on the Principle of
Population (1798), giving rise to the practice of describing those who now
question the feasibility of continuing long-run economic growth as °neo-
Malthusian’. For Malthus, a fixed land quantity, an assumed tendency for
output per capita to fall over time. There was, according to Malthus, a long-
run tendency for the living standards of the mass of people to be driven down
to a subsistence level. At the subsistence wage level, living standards would be
such that the population could just reproduce itself, and the economy would
attain a steady state with a constant population size and constant, subsistence-
level, living standards.

This notion of a steady state was formalized and extended by David Ricardo
(1772-1823), particularly in his Principles of Political Economy and Taxation
(1817). Malthus’s assumption of a fixed stock of land was replaced by a conception

in which land was available in parcels.of varying quality. ¥¥? Agricultural output could

be expanded by increasing the intensive margin (exploiting a given parcel of land

more intensively) or by increasing the extensive margin ( bringing previously

uncultivated land into productive use). Y However, in either case, returns to the

land input were taken to be diminishing. ! Economic development then proceeds in

such a way that the ‘economic surplus’ is appropriated increasingly in the form of
e 5.
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rent, the return to land, and development again converges toward a Malthusian
stationary state, £%1
In the writings of Johan Stuart Mill (1806-1873) one finds a full statement

of classical economics at its culmination. ¥ Mill’s work utilizes the idea of

diminishing returns, reflecting the relaxation of the constraints of the

extensive margin as colonial exploitation opened up new trenches of land, as

fossil fuels were increasingly exploited, and as innovation rapidly increased

agricultural productivity. 1 The concept of a stationary state was not

abandoned, but it was thought to be one in which a relatively high level of

material prosperity would be attained, %

Foreshadowing later developments in environmental economics, and the
thinking of conservationists, Mill adopted a broader view of the roles played by

natural resources than his predecessors. In addition to agricultural and

extractive uses of land, Mill saw it as a source of amenity values (such as the

intrinsic beauty of countryside) that would become of increasing relative

importance as material conditions improved,

Neoclassical economics: marginal theory and value

A series of major works published in the 1870s began the replacement of

classical economics by what subsequently became known as ° neoclassical

economics’. ©1 One outcome of this was a change in the manner in which value
was explained. Classical economics saw value as arising from the labor power
embodied (directly and indirectly) in output, a view which found its fullest
embodiment in the work of Karl Marx. Neoclassical economists explained value

as being determined in exchange, so reflecting preferences and costs of

production, ¥ The concepts of price and value ceased to be distinct. ©*?

Moreover, previous notions of absolute scarcity and value were replaced by a

concept of relative scarcity, with relative values (prices) determined by the

forces of supply and demand. ©¥* This change in emphasis paved the way for the

development of welfare economics.
At the methodological level, the technique of marginal analysis was

adopted, allowing earlier notions of diminishing returns to be given a formal

basis in terms of diminishing marginal productivity in the context of an explicit

production function. ¥ Jevons and Menger formalized the theory of consumer

preferences in terms classical economic analysis®®? led to an emphasis on the structure
. 6 -
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of economic activity, and its allocative efficiency, rather than on the aggregate level
of economic activity. Concern with the prospects for continuing economic growth
receded, perhaps reflecting the apparent inevitability of growth in Western Europe at
this time, Leon Walras developed neoclassical General Equilibrium Theory, and in so
doing provided a rigorous foundation for the concepts of efficiency and
optimality that we employ extensively in this text. Alfred Marshall was
responsible for elaboration of the partial equilibrium supply-and-demand-based
analysis of price determination so familiar to students of modern
microeconomics. A substantial part of modern environmental economics
continues to use these techniques as tools of exposition.

We remarked earlier that concern with the level (and the growth) of
economic activity had been largely ignored in the period during which
neoclassical economics was being developed. Economic depression in the
industrialized economies in the inter-war years provided the backcloth against
which theory of income and output determination. The Keynesian agenda
switched attention to aggregate supply and demand, and the reasons why
market economies may fail to achieve aggregate levels of activity that involve
the use of all of the available inputs to production. Keynes was concerned to
explain, and provide remedies for the problem of persistent high levels of
unemployment, or recession,

This direction of development in mainstream economics had little direct

impact on the emergence of resource and environmental economics. (%

However, Keynesian ‘ macroeconomics’, as opposed to the microeconomics of
neoclassical economics, was of indirect of importance in stimulating a
resurgence of interest in growth theory in the middle of the twentieth century,
and the development of a neoclassical theory of economic growth. What is

noticeable in early neoclassical growth models is the absence of land, or any

natural resources, from the production function used in such models. ¥

Classical limits-to-growth arguments, based on a fixed land input, did not have
[38]1

any place in early neoclassical growth modeling.

The introduction of natural resources into neoclassical models of economic

growth occurred in the 1970s, when some neoclassical economist first

systematically investigated the efficient and optimal depletion of resources.

This body of work, and the developments that have followed from it, is
’ « 7 e




