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Preface

The primary objective of this book is to present the economic and ecological principles
essential for a clear understanding of complex contemporary environmental issues and
policy considerations. Several books have been written on this subject in recent years.
One may ask, then, what exactly differentiates this one from the others?

Level

This book is written for an introductory-level course in environmental economics. It is
primarily designed for college sophomores and juniors who want to study environmen-
tal concerns with an interdisciplinary focus. The academic majors of these students
could be in any field of study, but the book would be especially appropriate for students
with majors in economics, political science, environmental studies, or biological
sciences.

The claim that environmental and resource economics should be studied within an
interdisciplinary context is taken very seriously. Such a context requires students to
have, in addition to microeconomics, a good understanding of the basic principles of the
natural and physical sciences that govern the natural world. This book addresses this
concern by devoting a chapter to ecology. This is done not only to make certain relevant
ecological principles understandable to non-science students, but also to present clearly
the disciplinary tie between economics and ecology, especially in addressing pressing
environmental issues. This chapter assumes no prior knowledge of ecology. Instead, it
discusses thoroughly and systematically ecological concepts that are considered highly
relevant to the study of environmental economics, such as ecosystem, ecosystem
structure, material recycling, the law of matter and energy, entropy, and ecological
succession. These are concepts especially pertinent to the understanding of the nature
of the interrelationships between the human economy and the natural environment,
and the extent to which biophysical limits could hinder or even cease future human
technological and economic progress. These ecological concepts should also contribute
to better understanding of recent concerns with global environmental issues such as loss
of biodiversity and climate change.

This book requires no more than a semester course in microeconomics. Thus, unlike
many other textbooks in this field, it does not demand knowledge of intermediate
microeconomics, either implicitly or explicitly. Furthermore, an Appendix (Appendix
A) at the end of the book provides an account of fundamental economic concepts
specifically relevant to environmental economics. In this Appendix, economic concepts
such as demand and supply analysis, willingness to pay, consumers’ and producers’
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surplus, rent, Pareto optimality, and alternative economic measures of scarcity are
thoroughly and systematically explained. The material in this Appendix is referred to
throughout the text, and could also serve as a good review for economics students and
a valuable foundation for students with a major in fields other than economics.

This book is primarily a theoretical exposé of environmental and resource
economics. The emphasis is on a systematic development of theoretical principles and
conceptual frameworks essential for a clear understanding and analysis of environ-
mental and resource issues. To catch students’ imagination and attention, as well as to
reinforce understandings of basic theoretical principles, case studies and ‘exhibits’ are
incorporated into most of the chapters. These are taken from newspaper clippings, brief
magazine articles, articles and summaries of empirical studies from professional
journals, and excerpts from publications by government and private research
institutions.

Orientation

Unlike other textbooks in this area, this book is written in the belief that a course in
environmental economics cannot be treated as just another course in applied economics. It
must include both economic and ecological perspectives and, in so doing, must seek a
broader context within which environmental and natural resource issues can be under-
stood and evaluated. In this regard, the book does not approach environmental and
natural resource problems from only or even predominantly a standard economic
perspective.

From my experience of two decades of teaching courses in environmental and
resource economics, I have come to realize that it is extremely difficult for students to
understand and appreciate the subtle differences between the economic and ecological
perspectives until they are made aware of the ‘axiomatic’ foundations (the conceptual
starting point of analysis) of each one of these perspectives. With this in mind, this
book starts (Chapter 1) with a careful examination of the pre-analytic or axiomatic
assumptions and theories at the fundamental level that pertain to the standard
economic perspective of environmental resources and their scarcity, and the role these
resources play in the economic process. This is immediately followed (Chapter 2) by a
thorough and systematic discussion of the axiomatic assumptions and theoretical
principles particularly relevant to understanding the ecological perspectives concerning
the natural environment and its relationship with the human economy. Thus, the clear
delineation of the ‘anthropocentric’ and ‘biocentric’ views of natural resources and their
scarcity is a unique feature of this book.

Most textbooks on environmental and resource economics are neoclassical in their
orientation. For this reason their emphasis is mainly on intertemporal optimal allocation
among alternative uses of the fotal resource flow, including the services of the natural
environment. In this regard the overriding concern is efficiency. This book does
not disregard the importance of this approach, but it does add to it another important
dimension — the concern with achieving the optimal scale of total resource flow relative
to the natural environment. The key issue here is to keep the economic scale within
certain ecological boundaries, and this requires the recognition of biophysical limits.
Several chapters are assigned to discuss alternative views on biophysical limits to
economic growth and the economics of sustainable development. This is one of the
most significant and unique features of this book.
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Organization

The book consists of fourteen chapters, which are grouped into five parts, as shown in
the diagram below. In this diagram, the four boxes represent the major organizational
themes of the book. As indicated by the direction of the arrows, these four themes or
major groupings are related in both specific and general terms. The exact nature of these
relationships will become evident from the discussions that follow.

Part 1
The conceptual starting points
of economics and ecological
studies of environmental
resources and their scarcities

(Chapters 1 and 2)

-
v v

Part 4

Parts 2 and 3

Environmental economics: theories, izhszthng?m:r‘]g tt?;:lr,“;'cr:?en:ﬁrzﬁ
policies and valuation methods «< > P
economy

(Chapters 3-9) (Chapters 10-13)

Part 5

e Population, poverty and —

the environment

(Chapter 14)

Fundamental economic and ecological concepts and perspectives

The two chapters of Part 1 constitute what I consider to be the conceptual starting point
of economic and ecological analyses of environmental resources and their scarcity.
Chapter 1 deals with the ‘axiomatic’ assumptions that are fundamental to under-
standing the standard economic perception of environmental resources and their role in
the economic process. An early explanation of these assumptions, even if it does not
serve to correct logical errors, helps clarify the position neoclassical economists tend to
take on environmental issues in general.

Chapter 2 is intended to provide students with basic concepts and principles of
ecology, thereby encouraging economics students to venture beyond the realm of their
discipline. The position taken here is that no serious student of environmental and
resource economics can afford to be ignorant of the important lessons of ecology.
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However, it should be understood that the inquiry into this subject matter is quite
focused and limited. The primary intent is to familiarize students with carefully selected
ecological concepts and principles so that they will acquire by the end, if not an
appreciation, then a clear understanding of ecologists’ perspective on the natural world
and its relationship with the human economy. This is also a chapter of vital importance
to understanding the arguments for the existence of biophysical limits, in general.

The economics of environmental management

The unifying feature of Part 2 and Part 3 (which consist of Chapters 3-9) is that they
deal with environmental economic issues from a predominantly neoclassical economics
perspective. The emphasis in these chapters is on ‘getting the prices right’. That is,
environmental resources are optimally allocated provided market prices reflect their
‘true’ scarcity values. The material covered in Part 2 and Part 3 represent core
theoretical and policy concepts that are absolutely essential in understanding the
contributions of economics to the field of environmental studies.

Chapter 3 develops fundamental theories to understand the relationship between
economic activity and the natural absorptive capacity of the environment. This is
followed by a thorough investigation of the root causes and consequences of environ-
mental externalities. In this chapter the condition for the optimal trade-off between
environmental quality and economic goods and services is derived, which is then
followed by an extended discussion of both the micro and macroeconomic effects of
environmental regulation. The unique feature of this chapter is the effort taken to
demonstrate clearly and effectively how the basic concepts of economics and ecology
studied in Part 1 (Chapters 1 and 2) can be used to help understand what it means (in
terms of costs and benefits) to aspire to a higher level of environmental quality.

Chapter 4 develops theoretical models that can be used as a policy guide to control
environmental pollution. In Chapters 5 and 6, a number of pollution control policy
instruments are thoroughly discussed and analyzed. The scientific, economic and
public policy aspects of environmental pollution that have global dimensions are
discussed in Chapter 7. Chapter 8§ examines alternative economic approaches to
measuring the value of environmental services. Chapter 9 deals with economic valuation
of environmental projects using a cost—benefit analysis framework. Several other
alternative resources valuation methods are also considered, such as the precautionary
principle, cost-effectiveness, environmental impact analysis, risk assessment and
management, and environmental ethics and justice.

An important point to emphasize here is that even though the seven chapters in
Part 2 and Part 3 are predominantly neoclassical in their orientation, this should not
suggest the total abandonment of the ecological theme that is central to this text. 4s
much as possible, the major conclusions drawn from each chapter are subjected to critical
appraisal on the basis of their conformity or lack thereof to relevant ecological principles.
Finally, it is important to point out that Parts 2 and 3 involve rigorous applications of
economic tools and analysis.

Biophysical limits to economic growth

The four chapters in Part 4 are unique in their organization and contain some topics
that are rarely discussed in standard textbooks on environmental economics. The major
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concern here is the scale of the economy relative to the natural environment. What
this Part in effect attempts to do is to trace the historical development of the ideas
pertaining to limits to economic growth.

Chapters 10, 11 and 12 discuss limits to economic growth from three distinctive per-
spectives: Malthusian, neoclassical and ecological economics, respectively. Chapter 13
deals with the economics of sustainable development. The key questions that these four
chapters address are:

1 Can we expect unlimited economic growth in a world endowed with finite environ-
mental resources?

2 If ecological limits are important factors in determining future trends of economic
growth, what steps or precautions should be taken in order to avoid transgressing
these natural limits?

Population, economic development and environmental degradation

Part 5, which is composed of a single chapter, Chapter 14, analyzes the contemporary
population, resources and environmental problems of developing nations. The main
focuses are on poverty and environmental degradation. This is a very important
topic and entails a concern for environmental sustainability that requires immediate
attention. In this regard, the solution to rapid and continued environmental degradation
requires not only an economic and ecological understanding of the problem(s) under
consideration, but also of the social, cultural and political circumstances of the relevant
stakeholders — the people from the developing countries. This book makes a concerted
effort to discuss and, at some length, analyze the significance of several social, cultural
and political factors identified as crucial to the on-going search to find lasting
solution(s) to the environmental woes in developing countries.

About the second edition

In this second edition, there are a number of broad changes from the first edition:

1 The new edition has a narrower scope; it deals exclusively with subject matters that
are covered in environmental economics. For this reason the two chapters dealing
with the economics of renewable and non-renewable resources (topics covered in
resource economics) have been omitted. This is done, in large part, to allow
expanded coverage of several topics in environmental economics without exceeding
the limits on the size of the book. The new edition contains plenty of topics for a
one-semester course.

2 The organization of the book has been altered significantly. The new edition
contains fourteen chapters, which are grouped into four major parts. The first
edition had eighteen chapters and they were grouped into eight parts. The
organization of the new edition is less intricate and, in some respects, more
conventional.

3 The primary focus of the book remains unchanged — environmental economics with
an interdisciplinary focus. In the new edition, considerable efforts were made (in
terms of changes in emphasis and inclusion of new material) to make the inter-
disciplinary focus of the book even more pronounced.
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Specific changes and additions

1

Revisions have been made to all chapters but not to the same extent. Two chapters
have essentially been rewritten (Chapters 1 and 18). These chapters appear as
Chapters 1 and 14, respectively, in the new edition.

In four of the chapters (Chapters 6, 7, 14, and 15 in the first edition), the revisions
have been, if not total, then quite considerable. These chapters appear as
Chapters 10, 11, 8, and 9, respectively, in the new edition. In these chapters, among
others, a number of new concepts have been added.

The modifications made to the rest of the chapters (Chapters 4, 5, 8, 9, 10, 11, and
12, in the first edition, or Chapters 2, 3, 12, 13, 4, 5, and 6 respectively, in the new
edition), although modest by comparison, add significantly to the clarity and inter-
connectedness of the material covered throughout the text. For example, the
changes to Chapter 4 (Chapter 2 in the new edition) not only make the material in
this chapter easier to read but also contribute to the clarification and amplification
of the important links between the basic principles covered in Chapters 1 and 2 —
the anthropocentric versus bio-centric views of environmental resources and their
scarcity. Similar claims can be made for several other related chapters of the book.
The descriptions of the figures in the entire book are expanded. This is done purely
to make it easier for students to grasp the main ideas about major concepts in the
text by looking at the figures and their descriptions.

For reasons discussed earlier, Chapters 16 and 17 of the first edition have been
omitted. However, some concepts from these two chapters are used in some of the
chapters of the new edition.

The new edition incorporates two appendices:

Appendix A: This appendix contains a somewhat condensed version of the basic
microeconomic concepts that were included in Chapters 2 and 3 of the first edition.
It provides a theoretical understanding of why mainstream economists have such
deeply felt convictions about the power of the market as a means of allocating
scarce resources in an orderly and effective manner.

Appendix B: This appendix contains a carefully selected list of website addresses
that are considered to be helpful to students with interest in the environment and
resource management and policy, in general. Included also are brief descriptions
of each website’s officially stated objective(s) and the primary organization(s)
providing the contents of the site.
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Introduction

Overview of environmental and
resource economics as a subdiscipline
in economics

Labor is the father and nature is the mother of wealth.
(Petty 1899: 2: 377)

The concept of natural resources

The study of natural resources, the subject matter of this book, involves theories and
concepts that seem to be continually evolving with the passage of time and with our
improved understanding of the natural circumstances that govern these resources. For
example, the preclassical or Physiocratic school (1756-78) and classical economists
(1776-1890) typically used land as a generic term to describe natural resources. To these
economists, land or natural resources represented one of the three major categories of
basic resources essential to the production of goods and services — the other two being
labor and capital.

This three-way classification of basic resources or factors of production seems to
persist, although our understanding of natural resources and their roles in the economic
process has changed markedly. Advances in the natural and physical sciences have
increased our knowledge of the laws that govern the natural world. Furthermore, as
the human economy continues to expand, its impacts on the natural world have become
sizeable and potentially detrimental. Inevitably, our conception of natural resources
tends to be influenced by our current understanding of the human economy and its
interrelationship with the natural world.

Broadly defined, natural resources include all the ‘original’ elements that comprise the
Earth’s natural endowments or life-support systems: air, water, the Earth’s crust, and
radiation from the Sun. Some representative examples of natural resources are arable
land, wilderness areas, mineral fuels and nonfuel minerals, watersheds, and the ability
of the natural environment to degrade waste and absorb ultraviolet light from
the Sun.

Natural resources are generally grouped into two major categories: renewable and
nonrenewable natural resources. Renewable resources are those resources that are
capable of regenerating themselves within a relatively short period, provided the
environment in which they are nurtured is not unduly disturbed. Examples include
plants, fish, forests, soil, solar radiation, wind, tides, and so on. These renewable
resources can be further classified into two distinct groups: biological resources and flow
resources.

Biological resources consist of the various species of plants and animals. They have
one distinctive feature that is important for consideration here. While these resources are
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capable of self-regeneration, they can be irreparably damaged if they are exploited
beyond a certain critical threshold. Hence, their use should be limited to a certain
critical threshold. As will be explained later, natural biological processes govern both the
regenerative capacities of these resources and the critical zone. Examples of this type of
resource are fisheries, forests, livestock, and all forms of plants.

Flow resources include solar radiation, wind, tides, and water streams. Continuous
renewal of these resources is largely dictated by atmospheric and hydraulic circulation,
along with the flow of solar radiation. Although these resources can be harnessed for
specific uses (such as energy from solar radiation or waterfalls), the rate at which the
flows of these potential resources are regulated is largely governed by nature. This
does not, however, mean that humans are totally incapable of either augmenting or
decreasing the amount of flow of these resources. A good illustration of this would
be the effect greenhouse gas emissions (in particular carbon dioxide) have on global
warming.

Nonrenewable resources are resources that either exist in fixed supply or are
renewable only on a geological timescale, whose regenerative capacity can be assumed
to be zero for all practical human purposes. Examples of these resources include
metallic minerals like iron, aluminum, copper, and uranium; and nonmetallic minerals
like fossil fuels, clay, sand, salt, and phosphates.

Nonrenewable resources can be classified into two broad categories. The first group
includes those resources that are recyclable, such as metallic minerals. The second
consists of nonrecyclable resources, such as fossil fuels.

As indicated by the title of this introduction, mainly for pedagogical purposes the
study of natural resources is subdivided into two major subfields: environmental
economics and resource economics. The difference between these two subfields is
primarily a matter of focus. In environmental economics the primary focus is how to use
or manage the natural environment (air, water, landmass) as a valuable resource for
the disposal of waste. It should be pointed out that this subject, the environment, is the
primary focus of this book. In natural resource economics the emphasis is on the
intertemporal allocation of extractive nonrenewable resources (such as petroleum, iron
ore, potash, etc.) and the harvest of renewable resources (such as fish, forest products,
and other plant and animal species). Of course, as would be expected, there are
considerable overlaps in both the methodologies and the core subject matter addressed
in these two subfields.

Environmental economics: scope and nature

As a subdiscipline of economics, environmental economics originated in the 1960s — the
early years of the so-called environmental movement. However, despite its brief history,
over the past three decades it has become one of the fastest-growing fields of study in
economics. The growing popularity of this field of inquiry parallels the increasing
awareness of the interconnectedness between the economy and the environment — more
specifically, the increasing recognition of the significant roles that nature plays in the
economic process as well as in the formation of economic value.

The nature and scope of the issues addressed in environmental economics are quite
varied and all-encompassing. Below is a list of some of the major topics addressed
in this field of study. The list is also representative of the issues addressed in this
book.
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e The causes of environmental degradation

*  The need to re-establish the disciplinary ties between ecology and economics

e The difficulties associated with assigning ownership rights to environmental
resources

e The trade-off between environmental degradation and economic goods and services

e The ineffectiveness of the market, if left alone, in allocating environmental
resources

*  Assessing the monetary value of environmental damage

*  Public policy instruments that can be used to slow, halt and reverse the deterio-
ration of environmental resources and/or the overexploitation of renewable and
nonrenewable resources

e The macroeconomic effects of environmental regulations and other resource
conservation policies

*  The extent to which technology can be used as a means of ameliorating environ-
mental degradation or resource scarcity, in general — that is, limits to technology

*  Environmental problems that transcend national boundaries, and thus require
international cooperation for their resolution

e The limits to economic growth

*  The extent to which past experience can be used to predict future events that are
characterized by considerable economic, technological and ecological uncertainties

*  Ethical and moral imperatives for environmental resource conservation — concern
for the welfare of future generations

*  The interrelationships among population, poverty and environmental degradation
in the developing countries of the world

*  The necessity and viability of sustainable development.

This list by no means exhausts the issues that can be addressed in environmental
economics. However, the issues in the list do provide important clues to some of the
fundamental ways in which the study of environmental economics is different from
other subdisciplines in economics.

First, the ultimate limits to environmental resource availability are imposed by nature.
That is, their origin, interactions and reproductive capacity are largely governed by
nature.

Second, most of these resources have no readily available markets: for example, clean
air, ozone, the genetic pool of a species, etc.

Third, no serious study of environmental economics can be entirely descriptive.
Normative issues such as intergenerational fairness and the distribution of resources
between the poor and rich nations are very important.

Fourth, uncertainties are unavoidable considerations in any serious study of environ-
mental and natural resource issues. These uncertainties may take several forms, such as
prices, irreversible environmental damage, or unexpected and sudden species extinction.

Such is the nature of the subject matter that we are about to begin exploring in this
book.
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Part 1

Fundamental assumptions,
concepts, and theories of
economics and ecology
essential for understanding
the links between the natural
environment and the human
economy

Over the years, there has been a pronounced divergence between the standard view
of economists and that of ecologists concerning humans’ ability to coexist with the
natural world. Without a doubt, one of the most important reasons for this develop-
ment can be attributed to the difference in the core assumptions the standard
practitioners of these two disciplines hold concerning the relationships between the
economic and the natural world. Part 1 of this book, which consists of two
chapters, Chapters 1 and 2, examines the economic and the ecological perspectives
on environmental resources and their implications for the economic and the natural
world.

Chapter 1 examines what could be called the mainstream economists’ ‘preanalytic’
vision of the economy and its relationship with the natural world. What can be observed
from the discussion in this chapter is the treatment of the natural environment as one of
the many ‘fungible’ assets that can be used to satisfy human needs. In this regard, the
emphasis is on the general problems of resource scarcity. This being the case, the roles
of consumers’ preferences, efficiency, markets, and technology are stressed.

Chapter 2 is intended to provide the assumptions vital to understanding the
ecological perspective on natural resources — elements crucial to the sustenance of
human economy. More specifically, in this chapter economics students are asked to
venture beyond the realm of their discipline to study some basic concepts and principles
of ecology. The inquiry into this subject matter is quite focused and limited in scope. The
primary objective is to familiarize students with carefully selected ecological concepts
and principles so that they will have, by the end of the chapter, if not an appreciation,
then at least a clear understanding of ecologists’ perspectives on the natural world and
its relationship with the human economy.

The material covered in Part 1 is an extremely important prerequisite for a
thorough and comprehensive understanding of the seemingly perennial debate between
economists and ecologists on the ‘limits to economic growth’ — a subject discussed in



Part 4. Furthermore, the ecological concepts and principles covered in Chapter 2 add a
good deal of insight into the analyses and discussions of what may be considered the

standard economic approaches to environmental economics — the seven chapters
covered in Part 2.



1 The natural environment and
the human economy

The neoclassical economics
perspective

1.1 Introduction

It is safe to say that mainstream economists have a peculiar conception of the natural
environment, including how it should be utilized and managed. The primary aim of
this chapter is to expose the axiomatic assumptions and, at the fundamental level, the
analytical principles that are the cornerstones for the understanding of the standard
mainstream economists’ conception of the natural environment and its interactions
with the human economy. This is a crucial issue to address early on because it helps to
identify clearly the ideological basis of neoclassical economics, the dominant approach
to economic analysis since about the 1870s, as it is applied to the management of the
natural environment.

How do neoclassical economists perceive the role the ‘natural’ environment plays on
the human economy? For our purpose here, the natural environment could be defined
as the physical, chemical and biological surroundings that humans and other living
species depend on as a life support. As shown in Figure 1.1, in specific terms the
economy is assumed to depend on the natural environment for three distinctive
purposes: (a) the extraction of nonrenewable resources (such as iron ore, fossil fuels,
etc.) and the harvest of renewable resources (such as fish of various species, agricultural
products, forest products, etc.) to be used as factors of production; (b) the disposal and
assimilation of wastes; and (c) the consumption of environmental amenities (such as
bird watching, canoeing, hiking national park trails, observing a morning sunrise or an
evening sunset, etc.). Thus, broadly viewed, the economy is assumed to be completely
dependent on the natural environment for raw materials, the disposal of waste
materials and amenities.

Furthermore, since the Earth is ‘finite’ there exists a theoretical upper limit for
resource extraction and harvest and the disposal of waste into the natural environ-
ment. The qualities of environmental amenities and the maintenance of life support
systems (such as climate regulation and genetic diversity) are also affected adversely
in direct proportion to the amount of resource extractions and/or harvesting and the
disposal or discharge of waste into the natural environment. Thus, as with any other
branch of economics, fundamental to the study of environmental economics is the
problem of scarcity — the trade-off between economic goods and the preservation of
environmental quality. There are some fundamental assumptions that the standard
economics approach uses in addressing this subject matter; these are outlined
below.
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» Factors of
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Wastes -— The economy
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Figure 1.1 A schematic view of how the human economy depends on the natural environ-
ment for factors of production, disposal of waste and consumption of amenities.

*  Environmental (natural) resources are ‘essential’ factors of production. A certain
minimum amount of natural resources is needed to produce goods and services.

*  Environmental resources are of economic concern to the extent that they are scarce.

e The economic value of natural resources (including the services of the natural
ecosystems) is determined by consumers’ preferences, and these preferences are best
expressed by a freely operating private market system.

*  Market price can be used as a measure (indicator) of resource scarcity, including the
environment.

e In both the production and consumption sectors of an economy, a specific natural
resource can always be replaced (partially or fully) by the use of other resources that
are either man-made (manufactured) or natural.

*  Technological advances continually augment the scarcity of natural resources.

* Nothing is lost in treating the human economy in isolation from the natural
ecosystems — the physical, chemical and biological surroundings that humans and
other living species depend on as a life support. That is, the natural ecosystem is
treated as being outside the human economy and exogenously determined. Note
that to indicate this, in Figure 1.1 the human economy and the natural environment
are drawn as two distinctly separate entities. The full extent of the implications of
this worldview will be discussed in Chapter 2.

Clearly, from the above discussions it should be evident that, at the fundamental level,
central to the neoclassical economics worldview with respect to the natural environment
and its role in the economic process are the following four key issues: (i) the market as
a provider of information about resource scarcity; (ii) resource (factor) substitution;
(iil) scarcity augmenting technological advance; and (iv) the nature of the relationships
between the human economy and the natural environment. The rest of this chapter will
address these four issues one at a time.
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1.2 The market as a provider of information on resource scarcity

From the perspective of neoclassical economics, the market system is considered to
be the preferred institution for allocating scarce resources. Under certain assumed
conditions (see Exhibit 1.1) the market system guided by the free expression of indi-
vidual consumer and producer choices would lead to the maximization of the well-being
of the society as a whole — the so-called Invisible Hand theorem. The market system
accomplishes this wonderful feat using prices as a means of gauging resource scarcity.
In this section, an attempt will be made to outline the various essential roles of market-
generated prices in an ideal market setting, especially as a measure of natural resource
scarcity.

1.2.1 Price as an indicator of absolute scarcity

Under normal conditions, we do not pay for the oxygen we inhale from the
atmosphere. On the other hand, although less essential than oxygen for our survival,
we would not expect to get a membership to a local golf club at zero prices. Why is
this so? The answer for this question is rather straightforward and is explained using
Figures 1.2 and 1.3. In Figure 1.2, the prevailing market equilibrium (or market
clearing) price, P., is positive. Hence, a unit of this service, membership at a golf club,
can be obtained only if one is willing and able to pay the prevailing market price. In
other words, this service can be obtained only at a cost (is not free). On the other hand,
in Figure 1.3, supply exceeds demand everywhere. Under this condition, the price for
this resource will be zero, hence, a free good. This clearly explains why our normal use
of oxygen from the atmosphere is obtained at zero prices. Thus, economists formally
define a scarce resource as any resource that commands a positive price. In this regard,
market price is supposed to measure the absolute (as opposed to relative) scarcity of a
resource.

1.2.2 Price as an indicator of relative scarcity or opportunity cost

As discussed above, the notion of absolute scarcity implies that a resource is scarce if
its price is positive, but nothing else. What may be a more interesting and meaningful
measure of scarcity in resource management is the notion of relative cost or scarcity. In
this regard, the standard economic theory contends that, under certain ideal market
assumptions (see Exhibit 1.1), relative scarcity could be effectively measured by a ratio
of two market-clearing prices. Suppose we have two resources, gold and crude oil. Let
X and Y represent gold and crude oil, respectively. Then, P/P, (the ratio of the market
prices of gold to crude oil) would be a measure of relative scarcity. To be more specific,
suppose, the price for gold is $300 per ounce and price of crude oil is $25 per barrel. In
this instance, the relative price would have a numerical value of 12. In what sense does
this number measure relative scarcity?

Obviously, this number suggests that gold is relatively more scarce (or costly) than
crude oil. More specifically, under ideal market conditions, the above numerical value
suggests that the value or the cost of the resources (labor, capital, raw materials, etc.)
used to extract and bring about an ounce of gold to the market is 12 times more than a
barrel of crude oil. Hence, this provides the justification for why the market price of an
ounce of gold should be 12 times that of a barrel of crude oil.
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Exhibit 1.1 The perfect market structure and its corollary, the Invisible Hand theorem

This exhibit is written to specify clearly the
conditions under which Adam Smith’s
notion that individuals working in their self-
interest will promote the welfare of the
whole of society holds good — the so-called
Invisible Hand theorem.

In an idealized capitalist market
economy, consumers’ (the final users of
goods and services) well-being is a para-
mount consideration. What this means is
that the effectiveness of an economy is
judged by how well it satisfies the material
needs of its citizens — the consumers. There-
fore, given that resources are scarce, an
effective economy is one that is capable of
producing the maximum output from a
given set of basic resources (labor, capital
and natural resources). Furthermore, out-
puts are produced in response to consumers’
preferences. Of course, the implication of
this is that scarce resources must be utilized
(produced and consumed) efficiently. Thus,
an important working principle of a market
economy is that efficiency is the primary
criterion, if not the sole criterion, to be used
as a measure of institutional performance.

The question then is, what conditions
must a market system satisfy in order to
be considered an efficient institution for
allocating resources? In other words, what
are the conditions consistent with the ideal
or perfect form for a market structure?
According to prevailing economic thought,
a market has to satisfy the following broad
conditions in order to be regarded as
an efficient institutional mechanism for
allocating resources:

1 Freedom of choice based on self-interest:
Buyers and sellers are well informed and
act in their own self-interest. It is further
stipulated that these actors in the market
are provided with an environment con-
ducive to free expression of their choices
— choice being inevitable because of
resource scarcity.

2 Perfect information: Economic agents are
assumed to be provided with full infor-

mation regarding any market trans-
actions. They are also assumed to have
perfect foresight about future economic
events.

3 Competition: For each item subjected to
market transaction, the number of buyers
and sellers is large. Thus, no one buyer or
seller can single-handedly influence the
terms of trade. In modern economic
jargon, this means that both buyers and
sellers are price-takers. This is assumed to
be the case in both the product and the
factor markets.

4 Mobility of resources: In a dynamic
economy, change is the norm. Significant
shifts in economic conditions could result
from a combination of several factors,
such as changes in consumer preference,
income, resource availability, and tech-
nology. To accommodate changes of this
nature in a timely fashion, resources
must be readily transferable from one
sector of the economy to another. This
is possible only when barriers to entry
and exit in an industry are absent (or
minimal).

5 Ownership rights: All goods and services,
as well as factors of production, have
clearly defined ownership rights, i.e.
property rights are protected by binding
social rules and regulations.

When the above five conditions are met,
an economy is said to be operating in a
world of perfectly competitive markets. In
such a setting, Adam Smith (the father of
modern economics) declared over two
centuries ago, the market system through
its Invisible Hand will guide each individual
to do not only what is in her or his own
self-interest, but also that which is for the
‘good’ of society at large. A profound state-
ment indeed, which clearly presents the
most appealing features of the market
economy in its ideal form. (Refer to
Appendix A for an elaborated derivation of
this theorem and its implications.)
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Price ($)

Q. Membership at a golf course

Figure 1.2 Demand and supply and market clearing (equilibrium) price, P., for a local golf club
membership. The service of a local golf club is scarce because at zero price, quantity
demanded far exceeds quantity supplied — creating a shortage.

Price ($)

>

Availability of oxygen from the ambient air

Figure 1.3 Demand and supply of oxygen. Oxygen is treated as a free good because at zero price
quantity supply exceeds quantity demanded — a surplus.
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Figure 1.4 Long-run price trend of a hypothetical natural resource. A declining price trend
over time indicates increasing abundance of the resource under consideration.

Furthermore, if the economy under consideration were at full employment, it would
be possible to interpret the above numerical value (i.e. 12) as a measure of an
opportunity cost. That is, it would indicate the number of barrels of crude oil that have
to be foregone if society decides to shift its resources (labor, capital, etc.) to extract one
more ounce of gold.

1.2.3 Price as a signal of emerging resource scarcity

The key issue here is the extent to which price trends over a long period of time (such as
20-100 years) can be used as an indicator of emerging resource scarcity or abundance.
For example, a falling price trend of a hypothetical natural resource depicted in Figure
1.4 would suggest increasing abundance or decreasing resource scarcity over time. The
reverse will be true if an increasing price trend is observed.

Accordingly, if the vertical axis of Figure 1.4 represents a relative price (e.g. the price
ratio of Coca Cola and water), a falling price trend would imply Coca Cola is getting
less scarce or more abundant relative to water. It is important to note, however, that such
a claim can be justified only if we accept that market prices indicate the ‘true’ scarcity
values of the resources under consideration. The conditions that are necessary for this
to happen are discussed in Appendix A (Section A.5).

Thus, at least in principle, in managing environmental resources, market prices not
only could provide valuable information on opportunity costs but also could serve
to detect emerging resource scarcity. The extent to which these claims are valid, in
particular as they applied to environmental resources, will be explored in Chapter 3.
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The second fundamental principle that influences and shapes the mainstream
economics approach to environmental and natural resource management is technology
— the role it plays in the amelioration of natural resource scarcity. A formal discussion
of the general characteristics of scarcity-augmenting (resource saving) technological
advances is the subject of the next section.

1.3 Factor substitution possibilities, technological changes and
resource scarcity

In this section, an attempt will be made to examine how factor substitution possibilities
and technological change alleviate resource scarcity, with an emphasis on natural
resources — a very important subject matter in environmental and resource economics.

Factor substitution suggests that basic resources are used in combinations. Further-
more, resources are generally considered to be fungible. That is, one kind of resource
(such as a machine) can be freely replaced by another (such as a labor) in the production
process. Or, one type of energy resource (such as petroleum) can be replaced by another
form of energy (such as natural gas). For example, in Case Study 1.1 below, it is shown
that water purification for the city of New York can be attained by investing either in the
preservation of a ‘natural’ kind of capital (a forest watershed) or by building a filtration
plant — a ‘manufactured’ kind of capital. In other words, manufactured capital can be
replaced by natural capital.

1.3.1 Factor substitution and its implications for resource scarcity

An economy is constantly engaged in the production of goods and services (oranges,
hand calculators, restaurant foods, national parks, etc.) using the available labor,
capital and other basic resources available at its disposal. The existing state of tech-
nology determines how inputs (labor, capital and natural resources) are combined to
produce goods and services. Economists use production functions to describe this
relation mathematically. The important assumption here is the substitutability of
different factors of production. Input substitutability may be divided into three
different categories:

Constant factor substitution possibilities: In this situation inputs can be substituted at
a constant rate (for example, one unit of manufactured capital for two units of natural
capital) implying that the opportunity costs of the two factors of production is constant.
Under this circumstance, at least conceptually, the use of an input (such as natural
capital) can be reduced to zero without raising the opportunity cost (in terms of other
inputs sacrificed, such as manufactured capital). The implication of this is that increase
in the scarcity of natural capital will not be accomplished by increased opportunity cost
— a rather optimistic scenario for the impact of increasing natural resource scarcity.
Although conceptually interesting, however, this case is obviously rather unrealistic.

Diminishing factor substitution possibilities: A more realistic case may be when
natural capital can still be substituted by other factors of production but not at a
constant rate. One possibility is a situation where each incremental reduction in natural
capital requires a progressively increasing amount of manufactured capital in order to
produce a given level of desired output (such as the production of clean water in Case
Study 1.1). In this regard, the opportunity cost of using natural capital, in terms of
other inputs sacrificed, increases at an increasing rate as natural capital becomes scarce.
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Case Study 1.1 Economic returns from the biosphere

Garciela Chichilnisky and Geoffrey Heal

... The environment’s services are, without a doubt, valuable. The air we breathe, the
water we drink and the food we eat are all available only because of services provided
by the environment. How can we transform these values into income while conserving
resources?

We have to ‘securitize’ (sell shares in the return from) ‘natural capital’ and environ-
mental goods and services, and enroll market forces in their conservation. This means
assigning to corporations — possibly by public—private corporate partnerships — the
obligation to manage and conserve natural capital in exchange for the right to the
benefits from selling the services provided.

In 1996, New York City invested between $1 billion and $1.5 billion in natural
capital, in the expectation of producing cost savings of $6 billion-$8 billion over ten
years, giving an internal rate of return of 90-170 per cent in a payback period of four
to seven years. This return is an order of magnitude higher than is usually available,
particularly on relatively risk-free investments. How did this come about?

New York’s water comes from a watershed in the Catskill Mountains. Until recently,
water purification processes by root systems and soil micro-organisms, together with
filtration and sedimentation during its flow through the soil, were sufficient to cleanse
the water to the standards required by the US Environmental Protection Agency (EPA).
But sewage fertilizer and pesticides in the soil reduced the efficacy of this process to
the point where New York’s water no longer met EPA standards. The city was faced
with the choice of restoring the integrity of the Catskill ecosystems or of building a
filtration plant at a capital cost of $6 billion-$8 billion, plus running costs of the order
of $300 million annually. In other words, New York had to invest in natural capital or in
physical capital. Which was more attractive?

Investing in natural capital in this case meant buying land in and around the water-
shed so that its use could be restricted, and subsidizing the construction of better
sewage treatment plants. The total cost of restoring the watershed is expected to be
$1 billion-$1.5 billion. . . .

To address its water problem New York City has floated an ‘environmental bond
issue’, and will use the proceeds to restore the functioning of the watershed
ecosystems responsible for water purification. The cost of the bond issue will be met
by the savings produced: avoidance of a capital investment of $6 billion—$8 billion, plus
the $300 million annual running costs of the plant. The money that would otherwise
have paid for these costs will pay the interest on the bonds. New York City could have
‘securitized’ these savings by opening a ‘watershed saving account’ into which it paid
a fraction of the costs avoided by not having to build and run a filtration plant. This
account would then pay investors for the use of their capital.

Source: Nature Vol. 391, February 12, 1998, pp. 629-30. Reprinted by permission.
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This implies that depletion of natural capital will be encountered with steady increases
in resource procurement for the purpose of producing goods and services. According
to standard microeconomic theory, this situation is viewed as being the most plausible
scenario.

No factor substitution possibilities: A more extreme case is when factor substitution
possibilities are totally absent. In this situation, natural capital and other factors of
production are used in a predetermined fixed proportion to produce a given level of
output. For example, to produce a certain level of output, a fixed amount of natural
capital may be needed regardless of the level of the other inputs being utilized. There-
fore, one important implication of this situation is that to produce a given level of
output a certain minimum of natural capital input is needed.

From the discussion thus far, we can generalize that the concern about the availability
of natural resources very much depends on the assumption one makes about the
nature of the rate of substitution possibilities between natural resources and other
factors of production. If a natural resource is viewed as being perfectly substitutable by
other factors of production, then, its availability should be of little or no concern. On
the other hand, if the substitution possibility between a natural resource and other
factors of production is zero, then a certain critical minimum of this resource would be
needed to produce a given level of output. In this case, availability of natural resources
would be a major concern since a decline of natural resources below this minimum
entails an automatic lowering of living standards or output.

As stated earlier, the case that is most realistic in depicting the nature of the substi-
tution possibilities between a natural resource and other factors of production is when
natural resources can always be substituted by other factors of production, but it would
be at an increasing opportunity cost. That is, successive reduction in natural resources
requires an incrementally larger increase in other factors in order to maintain the
production of a constant level of output. It is in this sense, therefore, that the scarcity
(availability ) of natural resources would become a concern.

1.3.2 Changes in production technology and its implications for resource
conservation

In the above discussion of substitution possibilities, production technology was
assumed to remain constant. In other words, factor substitution possibilities were dis-
cussed assuming no change in the current techniques (or state of the art) of production.
However, in a dynamic economy, technological advance that entails a fundamental
change in production techniques is a normal experience. If this is the case, it would be
instructive to address three related questions: (1) In what specific ways does a change in
production technique affect the use of factors of production? (2) Are all factors of
production equally affected by a change in production techniques? (3) What exactly are
the broader implications of changes in production technology for the issue of natural
resource adequacy (scarcity)?

In production analysis, technological advance is defined as the ability to produce a
given amount of output by using less of a// inputs. For example, in Case Study 1.1 the
same amount of water can be produced by using less of both factors of production.
Viewed this way, technological advance in production techniques entails resource
conservation.
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Technological changes are seldom unbiased. In other words, technological advance
in production technology often enhances the productivity of one input in a dispro-
portionate manner. For instance, the technological change could be capital biased if
the advance in technological change enhances the productivity of manufactured
capital more than natural capital. Similarly, a natural capital biased technological
change would tend to enhance the productivity of inputs in this category more than
manufactured capital.

From the above discussions, two points should be evident: first, technological
advance implies the possibility of producing a given level of output with less of inputs
— a conservation of resources. Second, the amount of resource conservation (saving)
in each category of inputs used in the production process would largely depend on
the impact that technological advance has on the relative productivity of each of
the inputs under consideration. Rarely does technological advance equally enhance the
productivity of all inputs; hence, a bias is unavoidable in technological advances.

To summarize the discussion in this section, the scarcity (availability) of natural
resources cannot be adequately addressed without careful consideration of techno-
logical factors such as factor substitution possibilities and technical advances in
production (Solow 1991). According to the standard economic paradigm, as will be
evident from the discussion in Chapter 11, consideration of this issue is central to
any attempt to assess the impact of natural resource scarcity on future standards of
living.

1.4 The human economy and the natural world: the neoclassical
worldview

The third and final issue that needs to be considered is how, at the fundamental level, the
proponents of the neoclassical school of economics perceive the interrelationships
(interconnectedness) between the human economy and the natural world. To what
extent and in what specific ways is the human economy dependent on the natural
environment? Is there evidence of inconsistencies in the ways the human economy is
designed to function and the laws of nature? If so, would it matter? These are the kind
of issues addressed in the last section of the chapter.

In this section of the chapter, a very broad view of the human economy is presented
with three objectives in mind: (1) to provide a schematic view of the basic institutional
components of a market-oriented economy; (2) to show how the flows of materials
(inputs and outputs) circulate within a ‘self-contained’ human economic process;
and (3) to note the implied relationships (if any) between the human economy and the
natural world.

As a working definition, an economy can be viewed as a rather complex institutional
mechanism designed to facilitate the production, consumption and exchange of goods
and services, given resource scarcity and technology, the preferences of households,
and the legal system for resource ownership rights (Randall 1987). All economies are
alike in the sense that they are devised to help facilitate the production, consumption
and exchange of goods and services, and they are constrained by resource scarcity and
technology. On the other hand, economies differ in the degree of empowerment given to
households and firms in their ability to make economic choices, and the legal view of
property ownership rights. For example, in a capitalistic and market-oriented economy,
freedom of choice and private ownership of property are strongly entrenched
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Figure 1.5 Circular flow diagram of the economic process. An economy is composed of a flow of
commodities (in the form of basic resources, goods and services); social institutions
(primarily markets and legal tenders); and people (broadly identified as households
and firms).

institutional principles. In contrast, in a centrally planned economy, the production and
distribution of goods are dictated by bureaucratic choices, with resource ownership
retained by the state.

In this section, using a circular flow diagram (an approach familiar to all who have
taken a course in introductory economics), an attempt will be made to present a
schematic view of the basic institutional components of a market economy. The
circular flow diagram in Figure 1.5 is designed to show that the operation of a market-
oriented economy is composed of the following elements:

1 Economic entities (households and firms). Households are the final users of goods
and services, and the owners of resources. In a market economy, given resource
scarcity, the primary goal is to find effective ways to address the material
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needs of consumers (households). At least in principle, consumers’ well-being (the
maximization of consumers’ utility) is the primary goal of a market-oriented
economy. While households are final users of goods and services, firms enter the
economic process as transformers of basic resources (labor, capital and natural
resources) into goods and services, and this is done in response to consumers’
preferences (demand).

2 Commodities are flows of resources both as factors of production and final goods
and services. In broad terms, these resources are recognized as being directly or
indirectly capable of satisfying human wants and are found in limited quantities
and/or qualities — i.e. they are scarce.

3 Markets represent an institutional arena in which exchanges (buying and selling) of
final goods and services and factors of production (labor, capital and natural
resources) take place. Traditionally, economists group markets into two broad
categories: product markets and factor markets. The product market is where the
exchange of final goods and services occurs. In this market, demand and supply
provide information about households and firms, respectively. The factor market
refers exclusively to the buying and selling of basic resources, such as labor, capital
and natural resources. In this sub-market, demand imparts market information
about firms and supply provides information about households. That is, households
are the suppliers of labor, capital and natural resources, while firms are the buyers,
who, in turn, use these items to produce final goods and services for the product
market. Clearly then, the role played by households and firms in the factor market
is the reverse of their role in the product market.

In both the product and factor markets, information about resource scarcity is
transmitted through prices. As discussed earlier, these prices are formed through the
interactions of market demand and supply; and, under certain conditions, market
prices can be used as reliable indicators of both present and future resource
scarcities.

4 Non-market public and private institutions. A market does not function in a vacuum,;
for a market to operate efficiently, ownership rights need to be clearly defined and
enforced. This requires the establishment of public agencies designed to articulate
and enforce the rules and regulations by which ownership rights are attained,
relinquished (transferred) and enforced (more on this in Chapter 3). In addition,
competition in the market place is fostered through public intervention in some
instances. The public and private entities (social institutions) that legislate the rules
for assigning resource ownership rights and regulate the degree of competition in
the market place are represented by the box at the center of Figure 1.5. It can be
seen that what flows from this box to households, firms, and markets are not
physical goods but information services. In general, the main function of these flows
of information is to ensure that economic agents (households and firms) are
playing by some socially predetermined rules of the game. In this regard, ideally,
social institutions may be conceived as a conductor of a symphony orchestra or a
traffic director in a busy intersection.

Viewed this way, social institutions have important economic functions. However,
they should not be assumed to be either perfect or costless (North 1995). When they
are not functioning well, the information communicated through them could distort
market signals (prices) and in so doing, significantly affect the allocation of scarce
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resources. This will become evident in Chapter 3, which deals specifically with environ-
mental resources.
Several lessons can be drawn from the above depiction of the human economy.

*  First, the human economy is composed of three entities: people, social institutions
and commodities.

*  Second, since the value of resources is assumed to emanate exclusively from their
usefulness to human, the economic notion of a resource is strictly anthropocentric.
What this implies is that basic resources (such as, the various services provided by
the natural environment) have no intrinsic value. Something is of intrinsic value
if it has value in its own right, or for its own sake (Attfield 1998). For example, in
Case Study 1.1, the worth of a watershed service (water purification by root systems
and soil micro-organisms) is identified solely by its commercial value. The fact that
the watershed under consideration may have other, non-economic, value is not
considered. These other services include flood control, air purification, generation
of fertile soil, and production of a range of goods from timber to mushrooms, as
well as sites for recreation, inspiration, education, and scientific inquiry.

e Third, in the production sector, what is being continually created is value. Trees are
cut and used to make chairs only if the monetary value of the chairs exceeds the
monetary value of the wood used to make the chairs. Similarly, in the consumption
sector, what is continuously being created is an influx of wtility from the final use
(consumption) of goods and services. Therefore, in the human economic system
matter and energy from the natural environment are continuously transformed to
create an immaterial (psychic) flow of value and utility. As will become evident in
Chapter 2, this observation is quite inconsistent with a purely ecological worldview
of the transformation of matter and energy, and the ultimate implications of this
natural process.

*  Fourth, in the above simple model, no explicit consideration is given to the extent
to which the flow of material (commodities) in the human economy is dependent
on natural ecosystems. The fact that the economic process continually depends on
the natural world for both the generation of raw material ‘inputs’ and absorption
of waste ‘outputs’ (see Figure 1.1) is simply taken for granted. More specifically,
natural ecosystems are viewed simply as a ‘gift of nature’ ready to be exploited by
humans and in strict accordance to the laws of demand and supply. Or, as O’ Neill
and Kahn (2000: 333) put it, the environment is viewed as ‘the constant and stable
background for economic activity’.

It is appropriate to end the discussion in this section with a quote from Nicholas
Georgescu-Roegen — one of the most ardent critics of neoclassical economists:

A curious event in the history of economic thought is that, years after the mech-
anistic dogma has lost its supremacy in physics and its grip on the philosophical
world, the founders of the neoclassical school set out to erect an economic science
after the pattern of mechanics — in the words of Jevons, as ‘the mechanics of utility
and self-interest’. . . . A glaring proof is the standard textbook representation of the
economic process by a circular diagram [such as Figure 1.5], a pendulum movement
between production and consumption within a completely closed system. . . . The
patent fact that between the economic process and the material environment there
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exists a continuous mutual influence which is history making carries no weight with the
standard economist. (p. 75)

A basic understanding of ecological principles is needed in order to fully under-
stand and appreciate the above criticism by Georgescu-Roegen, and the next chapter,
Chapter 2, is devoted to this end.

1.5 Chapter summary

The primary objective of this chapter has been to present the neoclassical or standard
economics worldview of the natural environment and its role in the economic system
at the fundamental level. This involved presenting the key axiomatic assumptions and
theoretical explanations that have been considered critical in the construction of the
basic foundation for standard environmental and resource economics. With this in
mind, these are the key issues addressed in this chapter:

e The natural environment is viewed as having three distinctive functions. It is the
source of basic raw materials for the human economy. It functions as a repository
and eventually a decomposer of the waste materials emanating from the production
and consumption sectors of the human economy. Finally, the natural environment
provides humans with valuable amenities and ecological services.

*  Environmental resources are regarded as of economic concern to the extent that
they are considered scarce — demand exceeds supply at zero prices.

e The economic value of scarce environmental resources is ultimately determined by
consumers’ preferences. Furthermore, consumers’ preferences are best expressed
by a market economy, and as such, the market system is the preferred institution for
allocating scarce resources, including the natural environment (more on this in
Chapter 3).

* Given that economic value is determined solely by human preferences, the neo-
classical worldview of environmental resources is strictly anthropocentric; i.e.
environmental resources have no intrinsic value, as such.

*  Environmental (natural) resources are essential factors of production. An economy
cannot produce goods and services without the use of certain minimum amounts
of natural resources. However, to the extent that resources are fungible, i.e. one
kind of resource (such as natural capital) can be freely replaced or substituted by
another (such as manufactured capital) in the production process, natural resources
need not be seen as the sole or even primary factor in determining an economy’s
production capacity.

e Scarcity of resources (including environmental/natural resources) is continually
augmented through technological advances.

* According to the neoclassical worldview, the human economy, as depicted in
Figure 1.5, is composed of people, flows of commodities (or flows of matter—energy
at the fundamental level) and human institutions. The primary focus of the human
economic system is not so much on the conversion of matter—energy that are found
in nature to goods and services (i.e. the production process) but the generation of
utility — an immaterial flux of satisfaction to humans. In this worldview, it appears
that the link between the flow of matter—energy in the economic system and the
natural environment is very much ignored. The next chapter deals with the
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implications of this important oversight or omission for both the human economy
and natural ecological systems.

Review and discussion questions

1 Carefully review the following economic concepts and make sure you have a clear
understanding of them:
Neoclassical economics, absolute scarcity, relative scarcity, natural capital, manu-
factured capital, factors substitution, technical advance, an economy, households, a
firm, product and factor markets, environmental amenities, and intrinsic value.

2 Identify the three distinctive contributions of the natural environment to the human
economy.

3 State whether the following are true or false and explain why:

*  Environmental resources should be of economic concern only if they are
scarce.

*  Factor substitution possibilities render the problem of resource scarcity to be
manageable, but not necessarily irrelevant.

4  ‘Resources are culturally determined, a product of social choice, technology and the
workings of the economic system’ (Rees 1985: 35). Do you agree or disagree with
this assertion? Why?

5 ‘Against the anthropocentric tendencies of most value theory, intrinsic values do
exist apart from man’s knowledge of them’ (Cobb 1993: 214). Comment.

6 To view the human economy in isolation from the natural ecosystems is not only
absurd but also very dangerous. Comment.
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2 The natural environment and
the human economy

An ecological perspective

2.1 Introduction

Consistent with the discussion in Chapter 1, environmental resources, in broad terms,
include all the living and non-living endowments of the Earth, and for that matter, the
entirety of the biosphere. The primary objective of this chapter is to establish a clear
understanding of the basic principles governing the nature, structure and function of the
biosphere (hence, environmental resources) and the functional /inkages (relationships)
between the biosphere and the human economy.

From a purely ecological perspective, these basic principles and linkages are identified
as follows:

*  Environmental resources of the biosphere are finite. Hence, environmental
resources are scarce in absolute terms.

e In nature, everything is related to everything else. Moreover, survival of the bio-
sphere requires recognition of the mutual interdependencies among all the elements
that constitute the biosphere.

e At a functional level and from a purely physical viewpoint, the biosphere is charac-
terized by a continuous transformation of matter and energy. Furthermore, the
transformation of matter and energy are governed by some immutable natural laws.

e Material recycling is essential for the growth and revitalization of all the subsystems
of the biosphere, including the human economy.

*  Nothing remains constant in nature. Furthermore, changes in ecosystems do not
appear to occur in an absolutely /inear and predictable manner. However, measured
on a geological time scale, the natural tendency of an ecological community (species
of plants, animals and micro-organisms living together) is to progress from simple
and unstable relationships (pioneer stage) to a more stable, resilient, diverse, and
complex community.

e The human economy is a subsystem of the biosphere and it would be dangerously
misleading to view natural resources as just factors of production lying outside the
confines of the larger system.

e The natural tendency of human technology is towards the simplification of the
natural systems, eventually leading toward less stable, less resilient and less diverse
ecological communities.

Figure 2.1 attempts to portray a worldview that is consistent with these principles, and
more specifically the ecological (biocentric) perspective of the relationship between the
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Figure 2.1 Ecologically enlightened economic view. The biosphere is continuously energized
by solar power. The human economy (comprising the activities in the inner circle)
depends on inputs (throughput) and outputs (disposal of waste) to the biosphere.
The biosphere is finite, as indicated by the outer circle.

biosphere and the human economy. This perspective is biocentric in the sense that it
does not explicitly recognize the main output of the economic system — non-material
flows of utility (enjoyment). It describes nature and the interactions that occur in nature
between living and non-living matter in purely physical (energy and matter) terms.

These features are clearly evident in the following specific aspects of Figure 2.1. First,
a clearly demarcated circle, perhaps symbolizing the Earth and its finiteness, represents
the biosphere.

Second, by locating it inside the circle, the human economy is perceived as a sub-
system of the biosphere. The box inside the circle indicates that the growth of the
economic subsystem is ‘bounded’ by a non-growing and finite ecological sphere.

Third, Figure 2.1 suggests that the human economy is dependent on the biosphere
for its continuous withdrawal (extraction and harvest) of material inputs and as a
repository for its waste (outputs) — degraded matter and energy that are the eventual
byproducts of the economic process.

Fourth, the biosphere (and hence the human economy) requires a continuous flow of
external energy — from the Sun.

Fifth, while both the human economy and the biosphere are regarded as an ‘open
system’ with regard to energy (i.e. both systems require an external source of energy),
the biosphere taken in its entirety is regarded as a ‘closed system’ with respect to
matter. Note that this is in stark contrast to the way the human economy is depicted in
Figure 1.5 — the circular-flow diagram discussed in the last section of Chapter 1. That
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diagram actually treats the human economy as an ‘open system’ with regard to both
energy and matter. That is, the human economy is continuously dependent on external
(outside) sources for inputs of energy and matter and on external repositories for its
outputs.

The upshot is clear. A worldview as represented in Figure 2.1 appears to incorporate
the principle that the human economy is completely and unambiguously dependent on
natural ecological systems for its material needs. Furthermore, the human economy
(as a subsystem) cannot outgrow the biosphere. The implication of this is that, as
mentioned earlier, the growth of the economic subsystem is ‘bounded’ by a non-
growing and finite ecological sphere. A comprehensive and systematic understanding of
the extent to which nature acts as both a source of and a limiting factor on the basic
material requirements for the human economy demands some level of understanding of
ecology — which is the subject of the remainder of this chapter.

What is ecology? Ecology is a branch of science that systematically studies the
relationships between living organisms and the physical and chemical environment in
which they live. Ecology as a scientific discipline is highly evolved; it has gone through
various developmental stages extending over more than a century. In this chapter,
no attempt is made to explore the subject matter of ecology in its entirety. To some
extent, the coverage of ecological principles in this chapter may be considered-broad
brush.

While acknowledging this, I should point out that the breadth and depth of the
coverage of ecological principles depends on the intended purpose for discussing these
principles. In this chapter, the main aim is to offer a preliminary exploration of ecology
principally directed at addressing these specific objectives:

*  To provide a broader and deeper understanding of the natural processes by which
natural resources are created and maintained

e To understand some of the natural laws that impose limitations on the interaction
of organisms (including humans) with their living and nonliving environment

*  To show specific ways in which human interaction with nature has been incom-
patible with the proper functioning of ecosystems

* To identify some of the important links between ecology and economics, two
disciplines that are essential for a holistic view of natural resource problems and
issues.

It was in recognition of these points that David Pearce, an eminent environmental
and resource economist, made the assertion that ‘No serious student of environmental
economics can afford to ignore the subject matter of “ecology”, the widely embracing
science which looks at the interrelationship between living species and their habitats’
(1978: 31).

2.2 Ecosystem structure

The hierarchical organization of biological systems that is often used as a starting
point for ecological study is the ecosystem. An ecosystem includes living organisms in
a specified physical environment, the multitude of interactions among the organisms,
and the nonbiological factors in the physical environment that limit their growth and
reproduction, such as air, water, minerals, and temperature. Viewed this way, an
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Figure 2.2 The Ive Road Fen Preserve. Fens are wetland ecosystems that receive water from
underground alkaline springs rather than from precipitation. The Ives Road Fen
Preserve is one of the largest and least disturbed fen wetlands in Michigan, USA. This
preserve provides ideal habitat for many rare plants and animals. The plants include
the carnivorous sundew and pitcher plant, as well as the showy coneflower, prairie
dropseed grass, prairie Indian-plaintain, hairy-fruited sedge, beak grass and prairie
rose. Spectacular sycamore and silver maple trees spread over the floodplain. In terms
of animals, the fen provides habitats for the tree frog, and a chorus of migratory and
breeding birds such as the yellow-breasted chat, blue-winged warbler and alder
flycatcher.

ecosystem is in practice the ‘house of life’ (Miller 1991). The definition of boundaries
and the spatial scale of an ecosystem can vary: an ecosystem can be as small as a pond
or as big as the entire Earth. We can, therefore, refer to the ecosystem of a pond or the
ecosystem of the Earth in its entirety. What is important in each case is the definition of
boundaries across which inputs and outputs of energy and matter can be measured
(Boulding 1993).

Generally, an ecosystem is composed of four components: the atmosphere (air), the
hydrosphere (water), the lithosphere (soil and rock), and the biosphere (life). The first
three comprise the abiotic or nonliving components of the ecosystem, whereas the
biosphere is its biotic or living component. It is important to recognize that the living
and nonliving components of an ecosystem interact with each another. The dynamic
interaction of these components is critical to the survival and functioning of the
ecosystem, just as breathing and eating are essential to the survival of animals. Further-
more, these components are capable of co-existing so that the ecosystem itself is in
a sense alive (Schneider 1990; Miller 1991). For example, soil is a living system that
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develops as a result of interactions between plant, animal and microbial communities
(living components), and parent rock material (abiotic components). Abiotic factors
such as temperature and moisture influence the process of soil development.

In an ecosystem, the abiotic components serve several functions. First, the abiotic
components are used as a habitat (space), and an immediate source of water and
oxygen for organisms. Second, they act as a reservoir of the six most important elements
for life: carbon (C), hydrogen (H), oxygen (O), nitrogen (N), sulfur (S), and phosphorus
(P). These elements constitute 95 per cent of all living organisms. Furthermore, the
Earth contains only a fixed amount of these elements. Thus, continual functioning of an
ecosystem requires that these elements be recycled since they are critical to the overall
welfare of the ecosystem.

The biotic (living) component of the ecosystem consists of three distinct groups of
organisms: producers, consumers and decomposers. The producers are those organisms
capable of photosynthesis: the production of organic material solely from solar energy,
carbon dioxide and water. This organic material serves as a source of both energy
and mineral nutrients, which are required by all living organisms. Examples include
terrestrial plants and aquatic plants, such as phytoplankton. The consumers are
organisms whose very survival depends on the organic materials manufactured by the
producers. The consumers comprise animals of all sizes, ranging from large predators
to small parasites such as mosquitoes. The nature of the consumers’ dependence on the
producers may take different forms. Some consumers (herbivores such as rabbits) are
directly dependent on primary producers for energy. Others (carnivores such as lions)
are indirectly dependent on primary producers. The last group of living organisms is
the decomposers. These include micro-organisms such as fungi, yeast, bacteria, etc., as
well as a diversity of worms, insects and many other small animals that rely on dead
organisms for their survival. In their efforts to survive and obtain energy, they decompose
material released by producers and consumers to their original elements (C, O, H, N, S,
P). This, as we shall see shortly, is what keeps material cycling within an ecosystem.

Basic lesson: In a natural ecosystem, living and nonliving matter have reciprocal
relationships. For that matter as will be further explained in the next section, the survival
and ‘proper’ functioning of an ecosystem entails mutual interactions (interdependence)
among organisms and between them and the abiotic environment.

2.3 Ecosystem function

As stated above, an ecosystem itself can be viewed as a living organism. Where does life
start and end in this system? What sets off, controls and regulates the movements and
transformations of material in this system? How are the various components of an
ecosystem interrelated? Is a natural ecosystem self-regulated? If so, how? In this
section an attempt will be made to answer these and other related questions, in an effort
to identify clearly the general principles that govern the functioning of a natural
ecosystem.

In the previous section, the structural organization (i.e. how the components and the
relationships of biotic and abiotic elements of an ecosystem are organized and defined)
of an ecosystem was outlined. However, for any movements or transformations of
energy and matter to occur in an ecosystem, an external source of energy is needed. For
our planet, the primary source of this energy is solar radiation: the energy from the Sun.
Solar energy, then, fuels the flow of energy and matter in an ecosystem.
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It is through the interactions of the hydrosphere, the atmosphere and the lithosphere,
activated and facilitated by solar energy, that atmospheric and water circulation (such
as wind, tide, cloud, water currents, and precipitation) occur. In turn, it is the impact of
this atmospheric and water circulation over a long period of time that causes (a) the
removal and the reshaping of parts of the Earth’s crust (such as by erosion and
sedimentation), and (b) the flows and formation of the reservoirs of water (streams,
rivers, waterfalls, and lakes). Essentially, as will be further elaborated later, these are the
types of natural and perpetual cyclical process that create what we identify as natural
resources (such as water supplies, fossil fuels and fertile soil, and the aesthetic values of
the natural environment).

The biotic component of an ecosystem relies on the ability of producers (terrestrial
and aquatic plants) to convert solar energy directly into chemical or stored energy in the
form of organic matter. As discussed above, this transformation of one form of energy
into another is accomplished through the process of photosynthesis. Essentially, it
involves synthesis of complex organic compounds from basic elements (C, O, H, N, etc.
obtained from soil or water), fueled by solar radiation. From this, it should be evident
that the abiotic components of an ecosystem are linked to the photosynthetic process —
the production of an energy base to support life. Also, through this process the flow of
materials becomes linked to the flow of energy (more on this later).

It is important to recognize that the producers are indispensable to the biotic
component of the ecosystem. Without these organisms, it would be impossible to
create the organic matter (such as plant tissue) that is essential for the growth and
reproduction of other organisms (consumers and decomposers). While the nature of the
dependency between the producers and other forms of organisms may appear to be
linear at this fundamental level (the flow of the material is from producers to consumers
and decomposers), the functioning of the ecosystem as a whole is characterized by a
network of mutual interdependencies among many species of organisms at each level
— a food web (Miller 1991). As shown in Figure 2.3, the consumers depend on the
producers for energy, various nutrients and oxygen. The oxygen is a by-product of
photosynthesis. The producers, in turn, depend on consumers and decomposers for
carbon dioxide (CO,) and on decomposers and abiotic processes for mineral elements
(P, S, etc.). All members of the biotic component, through respiration, release CO».
Finally, in the process of consuming the dead plants and animals, the decomposers
convert organic compounds to inorganic minerals, which plants can use. Thus, in a
natural ecosystem, survival and ‘proper’ ecosystem functioning require mutual inter-
actions (interdependence) among organisms and between them and the abiotic
environment (Miller 1991).

Basic lessons: At a fundamental level and from a purely physical viewpoint, a
functioning natural ecosystem is characterized by a constant transformation of matter
and energy. It is through this process of transformation that: (a) the substances that we
often identify as natural resources (air, water, food, minerals, valleys, mountains, forests,
lakes, watersheds, waterfalls, wilderness, etc.) have developed from a multitude of
complex interactions among living and nonliving organisms that are powered by
the energy of the Sun over a period of time measured on a geological timescale; and
(b) biological organisms have evolved and been sustained. Furthermore, as will be
discussed in the next two subsections, the two prerequisites for sustaining the efficient
functioning of an ecosystem are materials recycling and a source of continuous flows of
energy from an external source.
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Figure 2.3 The basic life cycle. The biotic component of an ecosystem is composed of three major
groups of organisms: the producers, the consumers and the decomposers. As indicated
by the direction of the arrows, functionally these three groups of organisms are
mutually interdependent. The ability of the producers to convert solar energy to
chemical or stored energy is what starts the biological cycles, and the sustainability of
these cycles, among others, depends on the presence of continuous flows of energy
from an external source (the Sun).

2.3.1 Materials recycling

As is evident from the earlier discussion (see also Figure 2.3), the natural recycling
process starts with the formation of plant tissue through the processes of photosynthesis
and biosynthesis. At this early stage, some oxygen is released into the environment.
Virtually all of the free molecular oxygen (O,) in the atmosphere and in the oceans has
originated from the process of photosynthesis. In many ecosystems, the second major
stage of the recycling process occurs when animals, in their effort to metabolize the
stored energy in plant tissues, release CO, and organic wastes. Major recycling
(decomposition), however, is done by micro-organisms. The micro-organisms ultimately
break down dead organic matter into its simpler (inorganic) components. This stage in
the recycling process is particularly important because the amount of mineral elements
in an ecosystem (especially N and P) is finite, and can be limiting to the growth and
reproduction of organisms.
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However, decomposition may not always be complete. The oxidation process involved
in decomposition depends on the availability of oxygen and the energy present in a given
environment. For example, oxidation takes place at a much faster pace in a tropical
forest than at the bottom of a lake or in a desert. Thus, in nature, material recycling
is not 100 per cent efficient, and some amounts of organic matter may remain only
partially decomposed. This incompletely decomposed organic matter, accumulated and
aged over long periods of time, will develop peat, coal and petroleum — that is, fossil
fuels. Such matter forms the basis of the energy resources so crucial to the modern
human economy. It also constitutes a large reserve of carbon that is rapidly released
when fossil fuels are burned thereby contributing to global warming by releasing CO, to
the atmosphere at an unprecedented rate.

Recycling of materials is not limited to the biological and material cycles in an
ecosystem as discussed above. The well-known atmospheric cycles (such as those of C,
N and S) contribute to the circulation of these elements within the various components
of an ecosystem. Furthermore, it is through atmospheric cycles that the concentration
of these elements in a given environmental medium is maintained or regulated. For
example, the atmosphere is composed of approximately 20 per cent O,, 78 per cent N,
0.9 per cent argon (Ar) (which is not significant biologically), and 0.03 per cent CO, (but
this amount has been increasing over the past 200 years).

It is very important to note, when the concern is the functioning of an ecosystem, that
these atmospheric cycles cannot be viewed in isolation from other cycles (i.e. geologic
and biological cycles). For example, there is a large reserve of N, in the atmosphere, and
only a small number of micro-organisms are responsible for converting atmospheric N,
to a form that plants can use, through a process called nitrogen fixation, whereas there
is no large reserve of N in rocks. Thus, nitrogen fixation is the critical process of
converting what is for plants unavailable gaseous nitrogen (N,) from the atmosphere to
available (inorganic) nitrogen (N) for plants. Furthermore, physical and chemical
processes associated with volcanic activity and the combustion of fossil fuels can also
increase the availability of useful nitrogen to ecosystems.

In addition to the atmospheric cycles, geological processes also contribute to the
constant recycling of materials in ecosystems. For example, it is through erosion and
water movement that nitrates, sulfates and phosphates in the soil, rocks and sediments
can be freed and re-introduced to the roots of plants. This process is particularly
important for the recycling of phosphates, as there is a large reserve of phosphorus (P)
in rocks and virtually none in the atmosphere. Thus, the process of converting available
(inorganic) phosphorus in rock to available phosphates for plants is primarily a physical
and chemical process (erosion).

Therefore, from this discussion, it is apparent that the recycling process of an
ecosystem is all-encompassing and demands the interaction of every facet of the
ecosystem. Strictly speaking, then, the decomposition and recirculation of materials
in an ecosystem is facilitated by these biogeochemical cycles, i.e. the nitrogen cycle,
phosphorus cycle, carbon cycle, etc. (Miller 1991; Pearce 1978).

Basic lessons: Material recycling is essential for the growth and revitalization of
all the components of the ecosphere (Miller 1991). In every natural ecosystem,
what is a by-product (waste) for one organism is a resource for another. In this sense
there is no such thing in nature as waste. Furthermore, in nature materials are
continuously circulating through the biosphere via a combination of atmospheric,
geologic, biologic, and hydrologic cycles. These cycles are essential for maintaining
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the long-run equilibrium of the elements in the atmosphere, hydrosphere and
lithosphere.

2.3.2 Energy and thermodynamics: why ecosystems need continuous
flows of energy from an external source

In the discussion so far, we have briefly examined the crucial role energy plays in the
functioning of natural ecosystems. The availability of chemical energy in the form of
organic molecules supports all forms of living organisms, and the maintenance of the
circulation of matter within ecosystems — which is essential for their revitalization —
requires a continuous flow of energy from an external source or sources. For our planet,
this external source of energy has primarily been the radiation from the Sun.

Why is it that natural ecosystems need to have a continuous flow of energy from an
external source? An adequate answer to this question requires a discussion of the laws
governing the transformation of matter and energy.

As a working definition, matter may be identified as anything that occupies space
and has mass; while energy may be viewed as something that lacks mass but has the
capacity to move and/or transform an object(s) — the capacity to do work.

A living ecosystem is characterized by a continuous transformation of matter and
energy. A number of laws of physics govern the flow and transformation of matter
and energy. Of these, there are two that are especially relevant to our understanding
of the functioning of natural ecosystems. These two laws (the first two laws of thermo-
dynamics) deal with energy, and their respective implications will now be discussed.

The first law of thermodynamics refers to the principle of conservation of energy.
This law states that matter and energy can neither be created nor destroyed, only
transformed. The ecological implication of this law is rather straightforward. It clearly
suggests that in a natural ecosystem we can never really throw matter away, or that
‘everything must go somewhere’. The same principle holds for energy. This is clearly
apparent in Figure 2.3, which shows how energy is released on each ecological pathway.
However, the first law dictates that the energy lost in one process must equal the energy
gained by the surrounding environment. Therefore, in terms of quantity, the total
energy is always constant. This is why, at times, the first law is referred to as the law of
conservation of energy.

The second law of thermodynamics deals with energy transformations and with the
concepts of energy quality (useful versus useless energy). Energy can exist in a number
of different ‘states’. For example, light is a form of energy, as are various types of fossil
fuels, wind, nuclear power sources (fuels), gunpowder, and electricity, among others.
Energy from fossil fuels can be converted to heat energy to boil water and produce steam
that can turn a turbine to produce electricity, which in turn can be converted to
incandescent energy to make a lightbulb work or rotary motion to run an electric motor.
We may consider each of these forms of energy to be useful since they can be used to do
work (turn a turbine, move an automobile) or provide light by which to see. The second
law of thermodynamics states that each time useful energy is converted or transformed
from one state (or form) to another, there always is less useful energy available in the
second state than there was in the first state. Therefore, in accordance with the first law
of thermodynamics (which deals with energy conversion), the second law says that in
every energy conversion some useful energy is converted to useless (heat) energy
(Georgescu-Roegen 1993; Miller 1991). In the case of an incandescent light bulb,
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electrical energy is converted to useful light energy as well as some useless heat, which
you can detect by touching a lightbulb that has been turned on for a few minutes. For
incandescent light only approximately 5 per cent of the electrical energy becomes light
and 95 per cent becomes heat — a 5 per cent energy efficiency. Similarly, the energy of
fossil fuel used to do the work of moving an automobile generates a substantial amount
of useless heat that must be dissipated through the cooling system (i.e. the radiator and
water pump), or it will ruin the motor. Therefore, in any transformation of energy, in
terms of energy quality (useful energy) there is an apparent loss of available energy. This
phenomenon is often referred to as the principle of energy degradation or entropy, and
it is universally applicable (Georgescu-Roegen 1993).
As a whole, the significant implications of the second law are the following:

*  Energy varies in its quality or ability to do work.

* In all conversion of energy to work, there will always be a certain waste or loss of
energy quality. Thus, we shall never be able to devise a ‘perfect’ energy conversion
system, or perpetual motion machine. Furthermore, useful energy cannot be
recycled. Hence, there are limits to energy conservation through technological
means (see Exhibit 2.1).

* Since energy moves unidirectionally, from high to low temperature (or from a
concentrated to a dispersed condition), it follows that a highly concentrated source
of energy (such as the energy available in a piece of coal or wood) can never be
re-used. We can never recycle useful energy. This clearly explains, then, why natural
ecosystems require continual energy flows from an external source.

Basic lessons: The biosphere cannot escape the fundamental laws that describe and
dictate the behavior of matter and energy. According to the first law of thermodynamics,
the biosphere is composed of a constant amount of matter. In this sense, what typifies
the activity of nature is not the creation but the transformation of matter. No activity
in the biosphere creates matter (Georgescu-Roegen 1993). The first law clearly instructs
us that natural resources are finite (Boulding 1993; Georgescu-Roegen 1993). Further-
more, it informs us that in the process of transformation of matter, we cannot get rid
of anything. An important implication of this is that waste (pollution) is an inevitable
by-product of any transformation of matter—energy (including, of course, the human
economy). Waste (especially in the form of heat energy) is ultimately dispersed into the
atmosphere and from there into space unless it is prevented from exiting, such as by
atmospheric CO,, moisture or other compounds.

The biosphere also operates within another restriction stemming from the second law.
For any activities (i.e. transformation of matter) to occur in the biosphere, a continuous
flow of energy from an external source is required. As discussed earlier, this is because
the second law states that useful energy cannot be recycled. Furthermore, the fact that
useful energy cannot be recycled raises an important issue about the use of terrestrial
energy resources such as fossil fuels. These terrestrial resources are not only finite, but
also nonrecyclable. As will be shown in Chapters 12 and 13, these requirements and
limitations are core concepts essential to the understanding of ecological economics
and the arguments for sustainable economic development.

This completes the discussion of ecosystem functions and structures relevant for the
purpose of this book. The next section covers the factors leading to the dynamic
changes (growth and decay) that occur in species composition of an ecosystem over a
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Exhibit 2.1 Perpetual motion, a sort of ‘original sin’ in science

Garrett Hardin

Perpetual motion is an anti-Epicurean
notion. Derek Price argues that it was
probable, though not certain, that the
pursuit of perpetual motion did not become
a ‘growth industry’ until after ap 1088,
when ‘some medieval traveler . . . made a
visit to the circle of Su Sung’ in China. At
this place there was exhibited a marvelous
water clock that seemed to run forever with-
out any motive force being required to
replenish the elevated water supply. ‘How
was the traveler to know that each night
there came a band of men to turn the pump
handles and force the tons of water from
the bottom sump to the upper reservoir,
thus winding the clock for another day of
apparently powerless activity?’

Such may have been the historical origin
of what Price calls ‘chimera of perpetual
motion machines . . . one of the most severe
mechanical delusions of mankind’. The
delusion was not put to rest until the late
nineteenth century when explicit statements
of the conservation of matter and energy
were advanced by physicists and accepted by
scientists in general. It should be noted that
a comparable advance was made in biology
at about the same time when Pasteur (and
others) demolished the supposed evidence
for the spontaneous generation of living
organisms. Modern public health theory is
based on, and committed to, the belief that
Epicurus was right: there is indeed a ‘need of
seeds’, for disease germs to appear in this
world of ours.

The ‘conviction of the mind’ that limits
are real, now firmly established in the
natural sciences, has still to be made an
integral part of orthodox economics. As late
as 1981 George Gilder, in his best-seller
Wealth and Poverty, said that ‘The United
States must overcome the materialistic

fallacy: the illusion that resources and
capital are essentially things which can run
out, rather than products of the human
will and imagination which in freedom are
inexhaustible.” Translation: ‘Wishing will
make it so’.

Six years later at a small closed
conference two economists told the environ-
mentalists what was wrong with their
Epicurean position. Said one: ‘The notion
that there are limits that can’t be taken care
of by capital has to be rejected’. (Does that
mean that capital is unlimited?) Said
another: ‘I think the burden of proof is on
your side to show that there are limits and
where the limits are’. Shifting the burden
of proof is tactically shrewd: but would
economists agree that the burden of proof
must be placed on the axiom ‘There’s no
such thing as a free lunch’?

Fortunately for the future progress of
economics the wind is shifting. The stan-
dard (‘neoclassical’) system of economics
assumes perpetual growth in a world of no
limits. “Thus’, said economist Allen Kneese
in 1988, ‘the neoclassical system is, in effect,
a perpetual motion machine’. The con-
clusion that follows from this was explicitly
laid out by Underwood and King: ‘The
fact that there are no known exceptions to
the laws of thermodynamics should be
incorporated into the axiomatic foundation
of economics’. But it will no doubt be some
time before economics is completely purged
of the covert perpetual motion machines
that have afflicted it from the time of
Malthus to the present.

Source: Living within Limits: Ecology,
Economics, and Population Taboos (1993:
44-5). Copyright © 1993 by Oxford
University Press, Inc. Used by permission.
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long period of time. This is an important topic to discuss because changes in species
composition can be significantly affected by large-scale human interference with
natural ecosystems.

2.4 Ecological succession

Ecological succession involves natural changes in the species composition (types of
plants, animals and micro-organisms) that occupy a given area over a period of time, as
well as changes that occur in ecosystem dynamics, such as energy flows and nutrient
cycling, discussed above. In a given area, with a specific climate and soil type, the stages
of succession (typically recognized by the changes in species composition) are somewhat
predictable.

The developmental stages of any ecosystem tend to follow a general pattern. At the
pioneer (or primary) stage, an ecosystem is populated by only a few different species
(mostly weeds) and is characterized by uncomplicated interrelationships. This stage
tends to be unstable and, as such, highly vulnerable to environmental stress. Barring
severe environmental disturbances, however, the system gradually changes in species
composition and ecosystem dynamics, until it reaches what is known as the ‘climax’
stage. At this stage, the ecosystem is stable and supports a large number of organisms
with complex and diverse interrelationships. In other words, a mature ecological system
is characterized by diversity, while the dynamic processes of energy flows and nutrient
cycling continue. This built-in diversity is what makes the ecosystem in this mature
stage quite resilient to changes in the physical environment (Holling 1997). However, it
should be pointed out that there is controversy over the claim that ecological succession
will eventually reach a steady-state stage that will persist indefinitely. The counter
argument is that nature is never constant, and all ecosystems undergo continual change,
such as from severe storms, floods or fire (Botkin and Keller 2003). Nevertheless,
healthy and reasonably mature ecosystems tend to endure over relatively long time
periods and are at least somewhat, if not completely, self-sustaining over several
hundred years.

A good example of succession is abandoned farmland in the eastern United States.
The first year after a cultivated field (such as corn) is abandoned, it tends to be
populated by a few aggressive weedy plants that are sparsely distributed, exposing much
of the soil to precipitation and intense heating (and evaporation) by the Sun during
the day and maximum cooling at night. The rather small number of plants permits
potential removal of soil nutrients through the physical processes of erosion and/or the
chemical process of leaching. If left alone for a few years, this field is likely to become a
dense meadow populated by a diversity of grasses, Queen Anne’s lace and/or goldenrod.
Still later, woody species (shrubs) such as blackberries or sumac begin to appear. These
shrubby species typically grow taller than the herbaceous weeds of the meadow and may
provide more shade than some meadow species can tolerate. At the same time, these
woody shrubby species do not ‘die back’ to their roots each year; consequently, more of
the mineral nutrients in the ecosystem remain in ‘standing biomass’ (organic material)
rather than being returned to the soil through dead biomass.

After a few more years, deciduous tree species can be seen emerging above some of
the shrubby species and patches of open meadow. As these grow above the shrubs,
they typically produce more shade than the shrubs can tolerate and the shrubs will
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eventually die. The larger woody stems of tree species also result in more nutrients
within the ecosystem being stored in standing biomass, with less in the soil, where it may
be susceptible to loss by physical or chemical processes.

In this example, at least four different successional stages have been described: (a) an
abandoned ‘weedy’ field (pioneer stage); (b) a meadow or ‘old field’ stage with abundant
grasses and other herbs; (c) a shrubby community; and (d) a forest. Over time, the
species composition of the forest is likely to change as well. But ultimately a forest type
will develop where little change will be evident over long periods of time (centuries),
barring major human influence or substantial climate change (possibly associated with
glaciation or global warming). Such a community type is often referred to as the climax
community.

An area that is covered by a given type of ‘climax’ community is often referred to
as a biome. Much of the eastern United States is made up of the ‘Eastern deciduous
forest biome’, whether it be the ancient forests of parts of the Appalachian Mountains
that have never been cut or the cities of New York or Detroit which, if abandoned,
eventually would most likely become deciduous forests. Other North American biomes
include the ‘prairies’ of the Midwest, the ‘conifer forests’ of the Rocky Mountains and
the deserts of the Southwest, among others.

The important lesson of succession is that an ecosystem is continually undergoing
changes and the transitional time between successional changes may be considerable.
The question is, then, how does the ecosystem maintain its equilibrium during
this transitional period? In other words, once an ecosystem has achieved a certain
developmental stage (in particular, the climax stage), how does it maintain its
balance?

In the context of an ecological system, equilibrium refers to the apparent lack
of visible changes in the biotic components of the system in spite of the many
important interactions that continue to occur. As discussed above, ecological
interrelationships are clear manifestations of the biological interdependencies among
organisms. Depending on the stage of the ecological development of the given
ecosystem, the biological interdependencies could be simple and represented by a
food chain, or complex and characterized by a food web. To offer a simple example,
suppose that due to a random natural event, the population of a certain organism
(such as rabbits) starts to multiply at an above-normal rate. The immediate effect of
this is an increase in the population of rabbits, which thereby creates a disturbance
in the system. However, the disproportionate growth in the population of rabbits will
eventually be suppressed by the limitation of food or an increase in the number
of their predators as more of their prey become available. In general, then, in the
biosphere equilibrium is attained through the reciprocal needs for food and
other materials among organisms. In addition, as mentioned in the above discussion,
in healthy ecosystems, elements and processes in the atmosphere, hydrosphere
and lithosphere are maintained in long-run equilibrium states through various
well-known material cycles; hence they are in dynamic equilibrium. However,
as will be discussed shortly, human activities can disrupt these natural processes
significantly.

In this subsection, so far we have covered some key ecological concepts such as
succession, diversity, stability, resilience and equilibrium. These are interrelated
concepts of major significance in understanding the limits or in defining the boundaries
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of human co-existence with nature. Thus, it would be instructive to have a clearer under-
standing of each one of these concepts and how they are related to each other. This
will also help us discover and understand the nature of some important controversial
ecological issues such as biodiversity.

Earlier, succession was defined as the changes that occur naturally in the species
composition of an ecosystem over time. Generally, the time span is measured in terms
of tens or hundreds of years. It was also postulated that succession would eventually
lead to a ‘climax’ community. This last stage of succession is characterized by diversity:
complex and wide-ranging interrelationships among multitudes of species. Accordingly,
at the climax stage both the interrelationships and the number of species are near
maximum. Furthermore, increasing diversity was considered an important factor in
ecological stability, especially in the climax stage. The intuitive explanation for this is
that the more an ecosystem is characterized by wide-ranging interrelationships among
a large number of species, the lesser the effect of loss of a single species on the overall
structure and functioning of that ecosystem (Holling 1997).

Stability, as defined here, refers to the ability of a natural ecosystem to return to its
original condition after a change or disturbance. A system in dynamic equilibrium
inherently tends to be more stable than one in disequilibrium. The resilience of a system
refers to the rate at which a perturbed system will return to its original state (Holling
1997). The conventional wisdom seems to be that as succession proceeds there tends to
be an increase in stability, resilience, diversity, and complexity.

However, the seeds of many ecological controversies sprout from the lack of
general agreement about these generalizations (Holling 1997). These controversies are
fueled by different conclusions drawn from manipulated experiments versus natural
field studies. The differences are exacerbated further by the argument that the more
interconnected the components of the system are, the less stable the system is likely
to be. There can be major impacts on closely connected species, initiating a ‘ripple
effect’ through the system. Another case that can be made is that diversity does not
always lead to stability. Some of the more resilient ecosystems — the Arctic tundra,
for instance — are actually very simple. Suffice it to say that considerably more
research is necessary before these controversies can be resolved. An important
consideration in this discussion is that not only do we not understand clearly
how these factors are related, but also that we have relatively little knowledge of the
kinds or magnitudes of environmental changes that might lead to major ecosystem
disruptions (Holling 1997). This important point is particularly salient with regard to
actual and potential anthropogenic perturbations such as deforestation and global
warming. Our inability to predict what changes might occur as a result of such
human activities is cause of major concern. This concern is compounded when the
scientific uncertainty over the long-term effects of certain environmental problems
such as global warming is used to justify inaction.

Basic lessons: The various components of the biosphere (the ecosystems) go through
‘developmental’ stages leading to a mature ecosystem that supports a large diversity of
species with a web of interrelationships. These diverse interrelationships in turn make
the ecosystem quite resilient to changes in the physical environment. Thus, according
to the conventional wisdom, in nature it is through a diversity of relationships that
a particular ecosystem maintains stability. Included in these is diversity of producers,
consumers and decomposers.
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2.5 Ecology and its implications for the human economy

So far, we have identified specific basic lessons that can be drawn from a focused study
of some key sub-topics in ecology. In this section, an attempt will be made to discuss the
broad implications that ecology may have for the functioning of the human economy.
More specifically, the task is to show: (a) how the human economy is related (or
interrelated) to the natural world when viewed from an ecological perspective; and
(b) the fallacy of viewing natural resources simply as factors of production and with an
infinite number of substitution possibilities. Another important point discussed in this
section is the specific roles humans have played in modifying nature to their advantages,
and the possible ramifications of these actions.

1 The human economy is a subsystem of the biosphere. Why is it so? A basic principle
of ecology informs us that in a natural ecosystem everything is related to everything
else. Hence, survival of the biosphere requires recognition of the mutual inter-
dependencies among all the elements that constitute the biosphere. Strictly from an
ecological viewpoint, then, the human economy cannot be viewed in isolation from
natural ecosystem or the biosphere, as depicted in the circular diagram Figure 1.1
in Chapter 1 (Georgescu-Roegen 1993). Instead, the economy is a subsystem of the
natural environment, which is both a source of its raw material inputs and as a
‘sink’ for its waste (output) as shown in Figure 2.1. As will be further explored in
Chapters 12 and 13, this vision of the human economy as a subsystem of the
biosphere has very profound implications — especially for the issue of ‘optimal’
scale, the size of human economy relative to the natural ecosystem.

2 Natural resources cannot be viewed merely as factors of production. As discussed
before, from an ecological perspective the term natural resource refers to all of the
elements that constitute the biosphere. In other words, natural resources include all
the ‘original’ elements that comprise the Earth’s natural endowments and life-
support systems: the lithosphere, the hydrosphere and the atmosphere, together
with radiation from the Sun. Furthermore, even from a purely anthropocentric
perspective, some of the services provided by natural ecosystems include the items
in Exhibit 2.2. An important implication of this is that it would be wrong to
conceive of natural resources just as factors of production that can be directly
used in the production and consumption processes of the human economy (see
Chapter 1). This will be an important issue in Chapter 8, where valuation of
environmental resources is the primary focus.

3 Ever since humankind acquired technology in the form of fire and stone tools, the
pace of its dominance and exploitation of nature has been dramatic. In general, the
consequences of continuous and rapid harvesting and mining of natural resources
by humans have been twofold:

e Simplification of ecosystems. As a whole, human actions can be looked at as
efforts to simplify the biological relationships within ecosystems, to their own
advantage (Miller 1991). By clearing land and planting crops or orchards, a
complex and mixed flora of wild plants, which once extended over a wide area,
is now replaced by a single kind of plant — monoculture (see Exhibit 2.3). To
increase yield, fertilizers are applied to the soils, disrupting natural nutrient
cycles. Competition from other organisms (insects, weeds and disease pests)
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Exhibit 2.2 Nature’s ecosystem services

Raw materials production: * Nutrient cycling
food, fisheries, timber and building < Soil building and maintenance
materials, nontimber forest products, ¢ Disturbance regulation
fodder, genetic resources, medicines, ¢ Climate regulation

dyes » Atmospheric regulation
Pollination * Recreation, cultural, educational/scientific
Biological control of pests and diseases
Habitat and refuge Source: Worldwatch Institute, State of the
Water supply and regulation World 1997, p. 96. Copyright © 1997.
Waste recycling and pollution control Reprinted by permission.

is reduced or eliminated through biochemical poisoning, such as insecticides,
herbicides and fungicides. The ultimate effect of all this is loss of biodiversity,
which as Dasgupta et al. (2000: 343) pointed out, have the following sobering
economic implications:

To rely on substitutability among natural resources in commodity pro-
duction to minimize the utilitarian importance of biodiversity, as is
frequently done . . . is scientifically flawed. First, without biodiversity,
substitutability is lost entirely. And more fundamentally, certain species
and groups of species play unique roles in the functioning of ecosystems
and thus have no substitutes. Preservation of biodiversity is hence
important, both to provide unique services and to provide insurance
against the loss of similarly functioning species.

Creation of industrial pollution (waste). No organism can function without
creating waste. In a natural ecosystem, the normal amount of waste created by
organisms poses no problem because, as noted earlier, one organism’s waste is
another’s food. In this sense, in a well-functioning ecosystem there is no such
thing as waste. In general, in their natural settings ecosystems are self-repairing,
self-maintaining and self-regulating (Miller 1991). One could therefore infer
from this that ecosystems are well prepared to handle major environmental
stress caused by humankind. Why, then, are human-generated wastes a
problem for ecosystems?

Two explanations can be offered for this. First, as humankind has asserted its
dominance by the rapid increase of its population, the amount of waste created
by humans has increased at an alarming rate. The impacts of these increased
volumes of waste have been intensified by continued human efforts to simplify
the natural ecosystem, which have the undesirable effect of reducing the
number of decomposers. Furthermore, beyond certain thresholds, increased
waste could cause the total collapse of or irreversible damage to an ecosystem.
Second, with advances in technology, humanity started to introduce wastes that
were new to natural ecosystems (Commoner 1974). These human-made wastes,
such as synthetic chemicals (e.g. plastics) and large doses of radiation — for
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Exhibit 2.3 The Irish potato famine
Catharine Japikes

More than a million Irish people — about
one in every nine — died in the Great Potato
Famine of the 1840s. To the Irish, famine of
this magnitude was unprecedented and
unimaginable. . . .

When the famine hit in 1845, the Irish had
grown potatoes for over 200 years — since the
South American plant had first arrived in
Ireland. During this time, the lower classes
had become increasingly dependent on
them. Potatoes provided good nutrition, so
diseases like scurvy and pellagra were
uncommon. They were easy to grow,
requiring a minimum of labor, training and
technology — a spade was the only tool
needed. Storage was simple; the tubers were
kept in pits in the ground and dug up as
needed. Also, potatoes produce more
calories per acre than any other crop that
would grow in northern Europe.

To increase their harvest, farmers came to
rely heavily on one variety, the lumper.
While the lumper was among the worst-
tasting types, it was remarkably fertile, with
a higher per-acre yield than other varieties.
Economist Cormac O Grada estimates that
on the eve of the famine, the lumper and one
other variety, the cup, accounted for most of
the potato crop. For about three million
people, potatoes were the only significant
source of food, rarely supplemented by
anything else.

It was this reliance on one crop — and
especially one variety of one crop — that
made the Irish vulnerable to famine. As we
now know, genetic variation helps protect
against the devastation of an entire crop
by pests, disease or climate conditions.
Nothing shows this more poignantly than
Ireland’s agricultural history.

In 1845, the fungus Phytophthora
infestans arrived accidentally from North
America. A slight climate variation brought
the warm, wet weather in which the blight
thrived. Much of the potato crop rotted in
the fields. Because potatoes could not be
stored longer than 12 months, there was no
surplus to fall back on. All those who relied
on potatoes had to find something else to
eat.

The blight did not destroy all of the crop;
one way or another, most people made it
through winter. The next spring, farmers
planted those tubers that remained. The
potatoes seemed sound, but some harbored
dormant strains of the fungus. When it
rained, the blight began again. Within
weeks the entire crop failed.

Although the potatoes were ruined com-
pletely, plenty of food grew in Ireland that
year. Most of it, however, was intended for
export to England. There, it would be sold —
at a price higher than most impoverished
Irish could pay. In fact, the Irish starved not
for lack of food, but for lack of food they
could afford.

The Irish planted over two million acres
of potatoes in 1845, according to O Grada,
but by 1847 potatoes accounted for only
300,000 acres. Many farmers who could
turned to other crops. The potato slowly
recovered, but the Irish, wary of depen-
dence on one plant, never again planted it as
heavily. The Irish had learned a hard lesson
— one worth remembering.

Source: EPA Journal Vol. 20, Fall 1994, p. 44.
Reprinted by permission.
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which there exist few, if any, decomposers — continue to cause serious stresses
on natural ecosystems. In other cases, relatively nontoxic wastes such as CO,
may be produced in such large quantities that normal ecosystem processes
cannot handle them, so they may accumulate (in this case potentially causing
global warming and the altering of climate). The ultimate effect of such
environmental stresses has been to lessen the productivity and diversity of
natural ecosystems. Exhibit 2.4 shows how in Thailand waste resulting from
a recent boom in commercial shrimp farming is causing ecological havoc. In
this sense, purely from an ecological viewpoint, the natural disposition of the
technological human has been to act as the breaker of climaxes. Such an act is
clearly inconsistent with the sustainability of natural ecosystems.

To these broad implications should be added some important caveats.

In Chapter 1, a criticism was made of the economic perspective for treating the
environment (the total of all ecosystems) as external to the human economy. In doing
this, the dynamic links between the natural ecosystem and human economy are left out.

A closer look at the current paradigm in ecology reveals (as discussed above) that
humans are treated as being an ‘external disturbance’ to natural ecosystems. O’Neill and
Kahn (2000) recently wrote a rather interesting and thought-provoking article on the
problem of ecology viewing human beings as just another biotic species within the
ecosystem instead of an external influence. These authors suggest that humans
should be viewed as an integral part of the total natural ecosystem (i.e. the biosphere).
However, at the same time, on the basis of their interactions with other species and the
environment, humans should be considered as a keystone species: a ‘species that controls
the environment and thereby determines the other species that can survive in its
presence’ (ibid.: 333).

What is notable here is a parallel between the treatment in ecology of humans as an
external factor (disturbance) to natural ecosystems and the modern economic paradigm
treatment of the natural environment as being external to the human economy. In both
instances, the effect is to ignore the all-important dynamic links between the natural
ecosystem and the human economy. The important message here is that human society
and nature should be treated as single dynamic entity. This important subject will be
addressed in some detail in Chapter 12.

2.6 Applying the tools: sustaining vision

This last section is an excerpt from an article by a well-known freelance writer on
ecology and other related environmental issues, Michael Pollan, that appeared in the
September 2002 edition of Gourmet Magazine. 1 decided to include this article in this
chapter because it presents an illuminating case of applying the basic ecological
principles discussed in this chapter.

In the second day of spring, Joel Salatin is down on his belly getting the ant’s-eye
view of his farm. He invites me to join him, to have a look at the auspicious piles of
worm castings, the clover leaves just breaking, and the two inches of fresh growth
that one particular blade of grass has put on in the five days since this paddock was
last grazed. Down here among the fescues is where Salatin makes some of his most
important decisions, working out the intricate, multispecies grazing rotations that
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Exhibit 2.4 Thailand’s shrimp boom comes at great ecological cost

John McQuaid

Ban Lang Tha Sao, Thailand. Two years
ago, Dulah Kwankha was toiling his life
away in a rice paddy on the outskirts of his
village, supporting his wife and three
children with the $400 he earned each year.
Then, in a story worthy of Horatio Alger, he
became an entrepreneur and started earning
six times that much. Dulah, 46, rode the
economic wave that has swept up and down
the Thai peninsula during the 1980s and
90s: shrimp farming.

With a $12,000 bank loan, backed by a
Thai company, he converted his rice paddy
into a shrimp pond that produces three
crops a year, earning him $2,400. He now
spends most of his time supervising the
two villagers he pays to feed the shrimp,
maintain the water flow and circulation, and
harvest the black tiger prawns when they
reach full size.

The succulent prawns, produced cheaply
by farms like Dulah’s, have flooded the US
market in the past ten years and continue
to gain popularity. To cash in, Thailand,
Ecuador, China, Taiwan and other
developing countries have thrown billions
of dollars into shrimp farms. The shrimp-
farming craze illustrates the power of the
global marketplace to alter people’s lives on
opposite sides of the world, often for the
worse.

Farmed shrimp has undercut the price of
wild shrimp caught in the Gulf of Mexico,
helping send a once-vital industry spiraling
into economic decline. And it has brought
the forces of capitalism to the doorsteps of
subsistence farmers and fishers for the first
time in history. Aquaculture has turned
thousands of square miles of coastline in
Thailand and other countries into humming
engines of shrimp production.

But the price of this newfound wealth has
been high. Cultures and values have been

altered, often with devastating conse-
quences. And in many places, the delicate
ecologies that millions of people depend
upon for their living are being ravaged by a
headlong rush to collect on the world
shrimp boom.

Every shrimp crop produces a layer of
black sludge on the bottom of the pond —an
unhealthy combination of fecal matter,
molted shells, decaying food, and chemicals.
It must be removed somehow — by bulldozer,
hose or shovel — before the next crop cycle
can begin.

There’s no place to put it. So it is piled
everywhere — by roadsides, in canals, in
wetlands, in the Gulf of Thailand, on the
narrow spits of land between the ponds.
When it rains, the waste drains into the
watershed, causing health problems. All
along the coast, fishers say, the sludge, along
with untreated or poorly treated shrimp
farm waste water, has killed fish close to
shore. Over time, a buildup of waste
products from the ponds often renders them
useless. When that happens, neither shrimp
nor rice farming is possible.

The farms have other costs too, which
may not become apparent for years. Nearly
every tree in the shrimp farm zone has been
uprooted or killed by polluted water. Many
of those that remain are dying. There is
literally nothing holding the land in place,
and coastal erosion has increased dramati-
cally in the past ten years, residents say. The
intrusion of salt water has ruined rice
paddies where they still exist.

Source: Kalamazoo (MI) Kalamazoo
Gazettel Newhouse News Service, Nov.
1996. Copyright © The Times-Picayune
Publishing Corporation. Reprinted by
permission.
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have made Polyface one of the most productive, sustainable, and influential family
farms in America.

This morning’s inspection tells Salatin that he’ll be able to move cattle into this
pasture in a few days’ time. They’ll then get a single day to feast on its lush salad bar
of grasses before being replaced by the ‘eggmobile’, a Salatin-designed-and-built
portable chicken coop housing several hundred laying hens. They will fan out to
nibble at the short grass they prefer and pick the grubs and fly larvae out of the
cowpats — in the process spreading the manure and eliminating parasites. (Salatin
calls them his sanitation crew.) While theyre at it, the chickens will apply a few
thousand pounds of nitrogen to the pasture and produce several hundred
uncommonly rich and tasty eggs. A few weeks later, the sheep will take their turn
here, further improving the pasture by weeding it of the nettles and nightshade the
cows won't eat.

To its 400 or so customers — an intensely loyal clientele that includes dozens of
chefs from nearby Charlottesville, Virginia, and Washington, DC — Polyface Farm
sells beef, chicken, pork, lamb, rabbits, turkeys, and eggs, but if you ask Salatin what
he does for a living, he’ll tell you he’s a ‘grass farmer’. That’s because healthy grass
is the key to everything that happens at Polyface, where a half-dozen animal species
are raised together in a kind of concentrated ecological dance on the theme of
symbiosis. Salatin is the choreographer, and these 100 acres of springy Shenandoah
Valley pasture comprise his verdant stage. By the end of the year, his corps de
ballet will have transformed that grass into 30,000 pounds of beef, 60,000 pounds
of pork, 12,000 broilers, 50,000 dozen eggs, 1,000 rabbits, and 600 turkeys — a truly
astonishing cornucopia of food from such a modest plot of land. What’s more, that
land itself will be improved by the process. Who says there’s no free lunch?

Sustainable is a word you hear a lot from farmers these days, but it’s an ideal that’s
honored mostly in the breach. Even organic farmers find themselves buying pricey
inputs — cow manure, Chilean nitrate, fish emulsion, biological insect controls — to
replace declining fertility of the soil or to manage pest outbreaks. Polyface Farm
isn’t even technically organic, yet it is more nearly sustainable than any I've
visited. Thanks to Salatin’s deft, interspecies management of manure, his land is
wholly self-sufficient in nitrogen. Apart from the chicken feed and some mineral
supplements he applies to the meadows to replace calcium, Polyface supplies its
own needs, year after year.

Salatin takes the goal of sustainability so seriously, in fact, that he won’t ship his
food — customers have to come to the farm and pick it up, a gorgeous adventure
over a sequence of roads too obscure for my road atlas to recognize. Salatin’s no
shipping policy is what brought me here to Swoope, Virginia, a 45-minute drive over
the Blue Ridge from Charlottesville. I'd heard rumors of Polyface’s succulent
grass-fed beef, ‘chickenier’ chicken, and the super-rich eggs to which pastry chefs
attribute quasimagical properties — but Salatin refused on principle to FedEx me a
single steak. For him, ‘organic’ is much more than a matter of avoiding chemicals.
It extends to everything the farmer does, and Salatin doesn’t believe food shipped
cross-country deserves to be called organic. Not that he has any use for that label
now that the USDA controls its meaning. Salatin prefers to call what he grows
‘clean food’, and the way he farms ‘beyond organic’.

That it certainly is. The fact that Salatin doesn’t spray herbicides and pesticides
or medicate his animals unless they are ill is, for him, not so much the goal of his
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farming as proof that he’s doing it right. And ‘doing it right’ for Salatin means
simulating an ecosystem in all its diversity and interdependence, and allowing the
species in it ‘to fully express their physiological distinctiveness’. Which means that
the cows, being herbivores, eat nothing but grass and move to fresh ground every
day; and that chickens live in flocks of about 800, as they would in nature, and
turkeys in groups of 100. And, as in nature, birds follow and clean up after the
herbivores — for in nature there is no ‘waste problem, since one species’ waste
becomes another’s lunch. When a farmer observes these rules, he has no sanitation
problems and none of the diseases that result from raising a single species in tight
quarters and feeding it things evolution hasn’t designed it to eat. All of which means
he can skip the entire menu of heavy-duty chemicals.

You might think every organic farm does this sort of thing as a matter of course,
but in recent years the movement has grown into a full-fledged industry, and along
the way the bigger players have adopted industrial methods — raising chickens in
factory farms, feeding grain to cattle on feedlots, and falling back on monocultures
of all kinds. ‘Industrial organic’ might sound like an oxymoron, but it is a reality,
and to Joel Salatin industrial anything is the enemy. He contends that the problems
of modern agriculture — from pollution to chemical dependence to food-borne
illness — flow from an inherent conflict between, on one hand, an industrial mind-
set based on specialization and simplification, and, on the other, the intrinsic nature
of biological systems, whose health depends on diversity and complexity.

On a farm, complexity sounds an awful lot like work, and some of Salatin’s
neighbors think he’s out of his mind, moving his cows every day and towing
chicken coops hither and yon. “‘When they hear “moving the cattle”, they picture a
miserable day of hollering, pick-up trucks, and cans of Skoal’, Salatin told me as we
prepared to do just that. ‘But when I open the gate, the cows come running because
they know there’s ice cream waiting for them on the other side.” Looking more like
a maitre d’ than a rancher, Salatin holds open a section of electric fencing, and 80
exceptionally amiable cows — they nuzzle him like big cats — saunter into the next
pasture, looking for their favorite grasses: bovine ice cream.

For labor, in addition to his six-foot, square-jawed, and red-suspendered self, the
farm has Salatin’s wife, Teresa (who helps run their retail shop and does the book-
keeping), children Rachel and Daniel, and a pair of paid interns. (Polyface has
become such a mecca for aspiring farmers that the waiting list for an internship is
two years long.) Salatin, whose ever-present straw hat says ‘I'm having fun’ in a way
that the standard monogrammed feed cap never could, insists, however, that ‘the
animals do all the real work around here’. So the chickens fertilize the cow pasture,
the sheep weed it, the turkeys mow the grass in the orchard and eat the bugs that
would otherwise molest the grapes, and the pigs well, the pigs have the sweetest job
of all.

After we moved the cows, Salatin showed me the barn, a ramshackle, open-sided
structure where 100 head of cattle spend the winter, every day consuming 25 pounds
of hay and producing 50 pounds of waste. Every few days, Salatin adds another
layer of wood chips or straw or leaves to the bedding, building a manure layer cake
that’s three feet thick by winter’s end. Each layer he lards with a little corn. All
winter the cake composts, producing heat to warm the barn and fermenting the
corn. Why corn? There’s nothing a pig likes more than 40-proof corn, and nothing
he’s better equipped to do than root it out with his powerful snout. So as soon as
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the cows go out to pasture in March, the ‘pigerators’, as Salatin calls them, are let
loose in the barn, where they proceed systematically to turn and aerate the compost
in their quest for an alcoholic morsel.

‘That’s the sort of farm machinery I like — never needs its oil changed, appreciates
over time, and when you’re done with it, you eat it.” Buried clear to their butts in
compost, a bobbing sea of hams and corkscrew tails, these are the happiest pigs
you’ll ever meet. Salatin reached down and brought a handful of the compost to my
nose; it smelled as sweet and warm as the forest floor in summertime, a miracle of
trans-substantiation. After the pigs have completed their alchemy, Salatin spreads
the compost on the pastures. There, it will feed the grasses so that the grasses might
again feed the cows, the cows the chickens, and so on until the snow falls, in one
long, beautiful, and utterly convincing proof that, in a world where grass can eat
sunlight and food animals can eat grass, there is indeed a free lunch.

Did I mention that this lunch also happens to be delicious?

2.7 Chapter summary

In this chapter it was noted that ecology studies the interrelationships between
living organisms and their habitat, the physical environment. Since the key issue
is always interrelation, the concept of a system is fundamental in any serious
ecological study. Using the ecosystem as a framework, ecologists try to explain the
general principles that govern the operation of the biosphere.

The basic lessons of ecology are several. From a purely biophysical perspective (or
biocentric view of the world), the most pertinent ones are:

1 No meaningful hierarchical categorizations can be made among the living and
nonliving components of an ecosystem because the physical environment
and the living organisms are mutually interdependent.

2 At a fundamental level, what goes on in ‘living’ natural ecosystems can be
characterized as a continuous transformation of matter and energy. This
transformation may be manifested in several ways, such as production,
consumption, decomposition, recycling of matter, and the processes of life
itself.

3 Any ordinary transformation of matter—energy is governed by certain
immutable natural laws, two of which are the first and second laws of thermo-
dynamics. The first law informs us that there are finite stocks of resources (or a
constant amount of matter) in the biosphere (the part of the universe where life
as we know it is possible). The second law reminds us that since energy flows
in only one direction, from useful to less useful forms, the continuing operation
of any ecosystem requires a continuous input of energy from an external
source. Usefulness is defined here in terms of the ability to do work — move or
transform an object.

4  Since matter is essentially constant in the biosphere, but used up in the process
of transformation, the continuous functioning of an ecosystem requires
that matter be recycled. In a natural ecosystem this is accomplished through a
complex and interacting process of biogeochemical cycles.

5 The species composition of a natural ecosystem undergoes gradual and
evolutionary changes (succession). A mature ecosystem supports a great
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number of interdependent species. Although controversial, the conventional
wisdom seems to suggest that ecosystems attain greater resilience as they
continue to mature.

6  Ecosystems, however, are also systems of discontinuous changes. Disruptions
resulting from external environmental factors (such as climate change) which
affect extensive areas could have significant detrimental effects on species
composition and the structure and functioning of the ecosystem.

Furthermore, in this chapter attempts were made to highlight some of the
important links between ecology and economics. Among them are:

1 At a fundamental level, economics and ecology deal with common problems.
That is, both disciplines deal with transformation of matter and energy.

2 However, this also means that, like that of the natural ecosystem, the operation
of the human economy (as a subsystem of the entire Earth’s ecosystem or the
biosphere) must be subjected to the same natural laws governing the natural
ecosystems. The implication of this is that the human economy must depend on
the Earth’s ecosystems for its basic material and energy needs.

Beyond this, on the basis of the materials discussed in this chapter, we were able to
conclude the following:

1 Natural resources are finite. More specifically, the human economy is
‘bounded’ by a nongrowing and finite ecological sphere. This may be taken
to imply that nature cannot be exploited without limits or the existence of a
biophysical limit.

2 There are definite limits to conservation of energy through technological means
(Second Law).

3 Throughout history, the tendency of humanity has been to lessen the resilience
of the natural ecosystem, by either a simplification of the ecosystem (for
example, modern agricultural practice) and/or the introduction and disposal of
industrial wastes that are either persistent or totally foreign to a particular
ecosystem(s). In the extreme cases, the threat here is loss of biodiversity and
climate change.

4  The case study at the end of the chapter also shows that it is within human
capability to design and practice agriculture that is sustainable — provided
coexistence with nature is an important priority to humanity.

Review and discussion questions

1

Carefully review the following ecological concepts: ecosystem, primary producers,
consumers, decomposers, photosynthesis, nitrogen fixation, ecological succession,
biodiversity, ecological resilience, the first and second laws of thermodynamics,
entropy, monoculture, keystone species.

What is the difference between an ecosystem structure and function? Could it serve
any useful purpose except for that of pedagogical convenience?

State whether the following are true, false or uncertain and explain why.

(a) Energy is the ultimate resource.
(b) In principle, an ecosystem can continue to function without the presence of
consumers.
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(c) A mature ecosystem is complex, diverse, resilient and, as such, stable.

(d) Ecology and economics deal with production and distribution of valuable
resources among complex networks of producers and consumers. Energy and
material transformations underlie all these processes, and the fundamental
constraints imposed by thermodynamics.

4 Identify three specific instances where human actions have led to what may be
considered as losses of ecological resilience.

5 In his classic article “The Historical Roots of Our Ecological Crisis’ (1967), Lynn
White, Jr. asserted that ‘we shall continue to have a worsening ecological crisis until
we reject the Christian axiom that nature has no reason for existence save to serve
man’. Do you agree or disagree? Explain your position.

6 To what extent could a loss of biodiversity affect future potential for resource
substitution possibilities? Do you think this potential economic value alone would
be enough to pursue an aggressive biodiversity conservation initiative worldwide?
Why or why not?

7 In the economic world, matter and energy are transformed for the purpose of
creating utility (an enjoyment of life as understood and defined by humans) which
is different from the biocentric perspective of the natural world where matter and
energy are continually transformed for the purpose of sustaining life. Can these two
perspectives be reconciled? Explain.
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Part 2

The economics of the
environment: theories and
alternative public policy
instruments

Part 2 comprises five chapters, Chapters 3-7. These chapters cover topics normally
included in standard texts on environmental economics. Chapter 3 expounds two key
elements of environmental economics: first, the key ecological and technological factors
that are essential to understanding the trade-off between increased economic activity
and environmental degradation; and second, the reasons why a system of resource
allocation that is based on and guided by individual self-interest (hence, private markets)
fails to account for the social costs of environmental damage — market failure. Chapter
4 develops theoretical models and economic conditions that can be used as a guide to
control environmental pollution. In Chapters 5 and 6 a number of pollution-control
policy instruments are thoroughly discussed and evaluated. Finally, Chapter 7 focuses
on pollution problems with transboundary and global dimensions; more specifically,
acid rain, the depletion of ozone and global warming.

As mentioned above, the chapters in Part 2 employ the same organizing principles as
standard texts on environmental economics. However, while the general approaches
used in these chapters have the appearance of following the standard treatment of these
subjects in economics, a careful reading of each chapter reveals a departure of some
significance from the norm. This difference stems from conscious efforts to insert
ecological perspectives relevant to the main topics addressed in each chapter. These
efforts were not made casually. In general, the approach taken is first to present the topic
under consideration using the standard economic treatment, and then to follow this
with critical appraisals of the main conclusions on the basis of their conformity or
departure from what would have been realized if sufficient attention had been paid to
ecological perspectives on this same subject matter.






Fundamentals of the economics
of environmental resources
The ‘optimal’ trade-off between

environmental quality and
economic goods

3.1 Introduction

In Chapter 1, it was pointed out (see Figure 1.1) that the natural environment serves
the human economy in three distinct ways: (i) as a source for both renewable and non-
renewable extractive resources; (ii) as a provider of environmental amenities and
ecosystem services; and (iii) as a decomposer and a place of storage for various types of
wastes generated by normal economic activities.

In this chapter the focus is on developing fundamental ecological and economic

principles to help us understand the extent to which the natural environment (in the
form of water, air or landmass) can be used to assimilate or store industrial waste.
‘Proper’ management of the environment to this end requires two considerations be met.
There should be:

1

A clear understanding of the nature of the waste-absorptive capacity of the natural
environment under consideration. This issue is addressed in Section 3.2 using a
simple model, with the objective of identifying certain key ecological and techno-
logical factors that are essential in understanding the relationship between
increased economic activity and the waste-absorptive capacity of the environment.
This simple model also illustrates, at least theoretically, some of the factors involved
in determining the ecological threshold of the natural environment in its capacity to
absorb waste.

A mechanism by which to identify the costs (degradation of environmental quality)
and the benefits (the production of more goods and services) resulting from the
incremental use of the natural environment as a repository for industrial and
municipal wastes. In other words, what is involved here is the identification of the
trade-off between economic goods and environmental quality at the margin. This
trade-off is vividly depicted in Figure 3.1. This shows on the one hand that
economic well-being or utility is derived from the production of goods and services
that are ultimately consumed by households. On the other hand, the production of
goods and services necessarily causes emission of waste that causes the deterio-
ration of the natural environment, hence, a negative utility. Therefore, on balance,
economic well-being requires making a conscious trade-off between goods and
services and environmental quality.

In this chapter, the trade-off between the production of goods and services and

environmental quality is studied from both micro- and macroeconomic vantage points.
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Figure 3.1 Trade-off between goods and services and environmental quality. An economic
activity (production of goods and services) is expected to generate utility (economic
well-being) when it is eventually consumed by households. At the same time, given that
pollution is an undesirable byproduct of production activities, households’ economic
well-being would be negatively impacted due to a deterioration in environmental
quality.

The microeconomic aspects of the issue deal with the development of the general
theoretical condition for securing the ‘optimal’ environmental quality. This topic is dealt
with in Section 3.3. At the macroeconomic level, the focus is on assessing the costs
of ascertaining the ‘desired’ environmental quality in terms of unemployment and
inflation. This is dealt with in Section 3.4.

3.2 The economic process and the assimilative capacity of the
natural environment

We all want to protect the purity and vitality of our air and water, and the natural land-
scape. However, despite our desire to do so, as long as we are engaged in transforming
material inputs (land, labor, capital, and raw materials) into economic goods, we cannot
avoid creating residuals (the second law of matter and energy). These residuals (low
entropic matter—energy) of the economic process are commonly referred to as pollution.
Pollution then, is, an inevitable byproduct of economic activities.

Furthermore, by the first law of matter and energy, we know that this residual has to
go somewhere. That ‘somewhere’ comprises the various media of the natural environ-
ment — air, water and/or the landscape. It is in this way that the natural environment is
used as a repository for wastes generated through the economic process. In general,
however, disposal in this way should pose no problem if done in moderation. This is
because, as noted in Chapter 2, the natural environment has a decomposer population
which, given adequate time, will transform the waste into harmless material, and/or
return it as a nutrient to the ecosystem. This self-degrading ability of the natural environ-
ment is commonly referred to as its assimilative capacity. It should not be surprising,
then, that from the viewpoint of environmental management, the quality of a
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particular environmental medium (air, water, land) is determined by its capacity to
assimilate (degrade) waste.

In discussing the assimilative capacity of the natural environment, three important
factors should be noted.

First, like anything else in nature, the assimilative capacity of the environment is
limited. Thus, the natural environment cannot be viewed as a bottomless sink. With
respect to its capacity to degrade waste, the natural environment is, indeed, a scarce
resource.

Second, the assimilative capacity of the natural environment depends on the
fexibility of the ecosystem and the nature of the waste. That is, the natural environment
will not degrade any and all waste with equal efficiency (Pearce 1978). For example, the
natural environment can deal with degradable pollutants, such as sewage, food waste,
papers, etc., with relative ease. On the other hand, it is quite ineffective in dealing with
persistent or stock pollutants, such as plastics, glass, most chemicals, and radioactive
substances. For most of these waste elements there are no biological organisms
currently in existence that can accelerate the degradation process. Thus, a very long
period of time is required before these wastes can be rendered harmless.

Third, the rate at which the waste is discharged greatly affects the ability of the
environment to degrade residuals. The implication of this is that pollution has a
cumulative ecological effect. More specifically, pollution reduces the capacity of an
environmental medium to withstand further pollution (Pearce 1978).

The obvious lesson is that, in managing the natural environment, it is crucial to give
careful consideration to the quality of the waste, its quantity and the rate at which it
is disposed of into the environment. To understand the significance of this point, the
following simple model can be used. It is assumed that a linear relationship exists
between waste and economic activity. Furthermore, this relationship is expected to be
positive — that is, more waste is associated with increasing levels of economic activity.
Mathematically, the general form of the functional relationship between waste emission
into the environment and economic activity can be expressed as

W= f(X, 1) (3.1
Or, in explicit functional form, as
W=BX (3.2)

where W is the level of waste generated and X is the level of economic activity (i.e.
production of goods and services). The variable ¢ in equation (3.1) represents techno-
logical and ecological factors.

Equation (3.2) depicts the simple linear relationship we assumed between waste and
economic activity, holding the variable t at some predetermined level. In equation (3.2), B
represents the slope parameter, and is assumed to be positive. Also, the fact that the
above linear equation has no intercept term suggests that only waste generated from
economic activity, X, is considered relevant in this model. The relationship shown in
equation (3.2) can be presented graphically, as shown in Figure 3.2A. In this figure, the
x-axis shows the level of economic activity (in terms of production of goods or services)
and the y-axis represents the quantity (volume) of waste disposed into the environment
in some unspecified unit. The broken horizontal line, W, represents an additional
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assumption that was made to complete the basic framework of this simple model. This
line is assumed to represent the total amount of waste that the environment could
assimilate at a given point in time. Note also that to the extent that W}, is positive, strictly
speaking this model deals with degradable pollutants only. What general conclusions
can be reached from this simple model? In response to this question, four points can be
made.

First, given that the assimilative capacity is invariant at W, X, represents the
maximum amount of economic activity that can be undertaken without materially
affecting the natural environment. The waste generated at this level of economic
activity will be completely degraded through a natural process. Thus, from this
observation we can draw the general conclusion that a certain minimum amount of
economic goods, such as X in Figure 3.2A, can be produced without inflicting damage
on the natural environment. Thus, X, indicates an ecological threshold of economic
activity.

Second, increased economic activity beyond X, would invariably lead to an
accumulation of unassimilated waste in the natural environment. Although it may not
be fully captured by the above simple model, the effect of this accumulated waste on
environmental quality (damage) will be progressively higher because, as indicated earlier,
pollution reduces the capacity of an environment to withstand further pollution. As
shown in Figure 3.2B, the ultimate impact of this dynamic ecological effect would be
to shift the assimilative capacity of the environment — the broken horizontal line —
downward.

The third point that can be conveyed using the above model is how technological
factors may affect the ecological threshold of economic activity. The effect of techno-
logical change could take two forms:

(a) Through technology the decomposition process may be accelerated. Note that in
our simple model, this type of change is captured by the variable z. For example,
using activated charcoal in a sewage treatment facility can accelerate the decompo-
sition process of municipal waste. This amounts to an artificial enhancement of the
assimilative capacity of the environment. Therefore, in Figure 3.2A the effect of this
type of technological change would be to shift the dotted line upward, indicating an
increase in the assimilative capacity of the environment. Other factors remaining
equal, this would have the effect of increasing the ecological threshold of economic
activity to something greater than Xj,.

(b) A change in technology may also alter the relationship between the level of
economic activity, X, and the rate at which waste is discharged into the natural
environment. In our simple model this would be indicated by a change in the slope
parameter, B. For example, a switch from high to low sulfur content coal in the
production of electricity would lower the amount of sulfur emitted into the
environment per kilowatt-hour of electricity produced, X. In this case the ultimate
effect would be to lower the value of the slope parameter, B. As shown in
Figure 3.2C, this entails a clockwise rotation of the line depicting the relationship
between waste and economic activity. Again, if other factors are held constant, the
overall effect of this type of technological change is to increase the ecological
threshold of economic activity. Thus, the implication here is that we can, to a certain
degree, augment the ecological threshold of the natural environment by means of
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W =£(X,1)

The assimilative capacity
of the natural environment

>

Xo X = Economic activity

Figure 3.24 A simple relationship between economic output and waste discharge. Below

Xy level of economic activity, waste generated through economic activity is less
than the natural assimilative capacity of the environment (). Thus, economic
activity up to the level X, would not lead to a deterioration of environmental
quality. Environmental quality will start to suffer when economic activity is
pursued beyond this threshold level of economic activity, Xj.

W =£(X,1)

The assimilative capacity
of the natural environment

X = Economic activity

Figure 3.2 B Possible dynamic effects on the assimilative capacity of the environment when

waste accumulation is allowed to exceed the ecological threshold, holding
all other factors constant. The reason for this apparent successive downwards
tendency in the assimilative capacity of the environment is to reflect the notion
that pollution tends to reduce the capacity of an environment to withstand
further pollution.
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Figure 3.2C The effect of technology on the relationship between economic output and
waste discharge per unit of output, B. A reduction in the value of B (lower
environmental impact on a per unit basis) indicates an increase in the economic
threshold activities from X, to X;.

technology. As discussed above, the technological improvement could be triggered
either by an improvement in waste processing or by input switching.

However, as Commoner (1971) warned us, technological solutions to environmental
problems can have harmful side effects (more on this in Chapter 10). For example, at the
local level, increasing the height of factory smokestacks can substantially alleviate the
problem of acid deposition (acid rain in dry form) arising from sulfur dioxide emission.
The intended effect of this is to emit a good share of the pollutants into the higher strata
of the atmosphere. This would amount to solving the problem of pollution through
dilution. However, as it turns out, what this does is to change the local pollution
problem into a transboundary acid rain problem (more on this in Chapter 7). The
important lesson here is that technological projects intended to address environmental
concerns should not be implemented without careful consideration of their potential side
effects.

The fourth and final point that should be noted is that, as discussed earlier, the
natural environment will not degrade all waste with equal efficiency. In some instances
the assimilative capacity of the natural environment could be, if not zero, then
insignificant. In Figure 3.2, this situation would mean that the broken horizontal line
representing the assimilative capacity of the natural environment would be closer to,
or could even coincide with, the x-axis. In this situation, the ecological threshold of
economic activity would, for all practical purposes, be zero.

We can draw a number of important lessons from the discussion in this section.

e The natural environment has a limited capacity to degrade waste. The implication
of this observation is that, in purely physical (not necessarily economic) terms, the
waste assimilative capacity of the natural environment is a scarce resource.
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e A certain minimum amount of economic goods can be produced without causing
damage to the natural environment. Thus, zero pollution is not only a physical
impossibility, but even on purely ecological considerations, it is an unnecessary goal
to pursue.

e Although the above simple model does not adequately capture this, the cumulative
effect of waste discharge into the natural environment is nonlinear. This is because
pollution tends to reduce the capacity of an environment to withstand further
pollution.

e The ecological threshold of economic activity (X, in Figure 3.2C) can be
augmented by technological means.

These observations are based on a simple but careful conceptual analysis of the
various factors affecting the relationships between the level of economic activity and the
damage this action inflicts on the natural environment. However, so far nothing specific
has been said about the trade-off between economic activity (the production of goods
and services) and environmental quality. This issue becomes relevant when the level
of economic activity, as is often the case, extends beyond a certain ecological threshold
(e.g. Xy in Figure 3.2A). This is, indeed, a key issue that will occupy much of the next
section.

3.3 Why markets may fail to allocate environmental resources
optimally

One important lesson we have learned from the discussion so far is that the natural
environment has a limited capacity to degrade waste. To that extent, then, the natural
environment is a scarce resource. Given this, it would be in the best interest of any
society to manage its natural environment optimally. This entails that, as for any other
scarce resource, the services of the natural environment as a repository of waste should
be considered by taking full account of all the social costs and benefits. Could this be
done through the normal operations of the market system? A complete response to this
question, first and foremost, requires a clear understanding of certain complications
associated with assignment of ownership rights to environmental resources. This is the
subject of the next subsection.

3.3.1 Common property resources and the economic problem

In Appendix A, it was established that under a perfectly competitive market setting,
resource allocation through a private market economy would lead to what is considered
to be a socially optimal end. It was also demonstrated that the allocation of any scarce
resource is socially optimal when, for the last unit of the resource under consideration,
the marginal social benefit is equal to the marginal social cost (MSB = MSC).

How could a market