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Preface to the Third Edition

As we wrote in a previous preface, there are two main reasons for pro-
ducing a new edition of a textbook. First, the subject may have moved
on — this has certainly been true in the area of natural resource and envir-
onmental economics. Second, experience in using the text may suggest
areas for improvement. Both reasons warrant a third edition now.

We will say nothing here about the ways in which the subject area has
‘moved on’ except to note that it has and that you will find those changes
reflected in this new edition. As far as experience in the use of this text
is concerned, some more comment is warranted.

First, we have received much feedback from users of the text. Much
of this has been highly favourable. Indeed, the authors are very pleased
to note that its readership has become very broad, particularly since the
appearance of a Chinese translation of the second edition of the text.
Negotiations have just started for a Russian translation of the third edi-
tion. User feedback — formal and informal — has provided us with many
ideas for ways of making the text better. We are particularly grateful to
those individuals who provided solicited reviews of the first and second
editions, and to the many readers who made unsolicited comments.
Many of the changes you will find here reflect that body of advice.

Some of the main changes that have taken place between the second
and third editions are as follows. There is substantial change to the
organisation of the text, principally involving a division into Parts that
reflect clusters of themes. Details of this change are given in the Intro-
duction. There are three new chapters: pollution policy with imperfect
information, cost-benefit analysis, and stock pollution problems. Most
of the chapters that are retained from the second edition have been very
substantially changed. Of the many changes that could be listed, we
mention just four. We pay greater attention to game theory (especially in
considering international environmental problems); the consequences of
decision making under uncertainty are treated more widely throughout
the text; and our use of mathematics has been changed significantly.
Much of the formal treatment has been pulled into appendices, leaving
the main body of the chapters to emphasise intuition and verbal or dia-
grammatic explanation. However, despite this, the exposition and applica-
tion is more strongly based in economic theory than before, rather than
less. Finally, considerably more attention has been given to the spatial
dimension of pollution problems and abatement programmes.

The other major area of change we have made to the text lies in
the development of the accompanying website for the text, and in the
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additional resources it contains. We will leave you to peruse the
Additional Resources section a few pages below this point to find out
what this set of resources comprises.

There are several friends and colleagues the authors would like to
thank. Our thanks go to Alison Wilson for her assistance in preparation
of the indexes. We remain grateful to Jack Pezzey for writing an
appendix to what is now Chapter 19, and for giving comments on drafts
of the relevant parts of the chapter in its second edition counterpart.
Mick Common, Yue Ma and Roger Perman would like to express their
gratitude to Alison McGilvray for her continued support and encourage-
ment throughout this revision process. The genesis, early editions, and
current form of the book owe much to her late husband, Jim. We hope
that she would agree that this new edition is one of which Jim would feel
proud.

Roger, Yue and Mick have succeeded in remaining permanent part-
ners with their wives — Val Perman, Hong Lin and Branwen Common
— despite the increasing burdens of academic life and textbook pre-
paration. Once again, we are grateful to our wives for their help and
encouragement.

It would be wrong of us not to express once again our debt to Chris
Harrison (now at Cambridge University Press) for his excellence in all
aspects of commissioning, editing and providing general support for the
two previous editions. We know he remains interested in its success.
Michael Fitch has edited the manuscript with diligence and profession-
alism, correcting many of our errors and improving the transparency
and readability of the text. For this we are very grateful. The staff
at Pearson Higher Education, particularly Paula Harris, Catherine
Newman and Ellen Morgan have, as always, been helpful, enthusiastic
and professional.'

ROGER PERMAN
YUE MA

MICHAEL COMMON
JULY 2002

1

The individuals responsible for typesetting made a superb job of translating the copy-edited manuscript into pages for the book.
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Notation

List of variables

As far as possible, in using letters or symbols to denote variables or other
quantities of interest, we have tried to use each character consistently to
refer to one variable or quantity. This has not always been possible or
desirable, however, because of the large number of variables used in
the book. In the following listing, we state the meaning that is usually
attached to each letter or symbol used in this way. On the few occasions
where a symbol is used in two ways, this is also indicated. Where usage
differs from those given below, this is made clear in the text.

= Pollution stock (or ambient pollution level)

= Gross benefit of an activity

= Consumption flow or total cost of production of a good

= Damage flow

= An index of environmental pressure

= Natural exponent

= Reduction in pollution stock brought about by clean-up

= Total extraction cost of a resource or biological growth of a
resource

= Renewable resource harvest rate

= Investment flow

= Market rate of interest

= Capital stock (human-made)

= Labour service flow

= Emissions (pollution) flow

MP, = Marginal product of capital

MP, = Marginal product of labour

MP, = Marginal product of resource

MU = Marginal utility

MU, = Marginal utility of good X

NB = Net benefit of an activity

P = Unit price of resource (usually upper-case for gross and lower-

case for net)

Q = Aggregate output flow

R =Resource extraction or use flow

r

S

T

QmSmoaw >

RoXxTTD

= Consumption rate of interest
= Resource stock
= Terminal time of a planning period
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xvii

~

= A period or instant of time

U = Utility flow

V= Environmental clean-up expenditure

W = Social welfare flow

Z = Pollution abatement flow

8 = Social rate of return on capital

o = Pollution stock decay rate

p = Rate of utility time preference (utility discount rate)

The Greek characters [, % and ® are used for shadow prices deriving
from optimisation problems.

The symbols X and Y are used in a variety of different ways in the text,
depending on the context in question.

Mathematical notation

Where we are considering a function of a single variable such as
Y=Y(X)
then we write the first derivative in one of the following four ways:

Xy,
dx dx
Each of these denotes the first derivative of Y with respect to X. In any
particular exposition, we choose the form that seems best to convey
meaning.

Where we are considering a function of several variables such as the
following function of two variables:

Z=ZP, Q)
we write first partial derivatives in one of the following ways:

9z _azP.Q) _

Z
oP oP F

each of which is the partial derivative of Z with respect to the variable P.

We frequently use derivatives of variables with respect to time. For
example, in the case of the variable S being a function of time, ¢, the
derivative is written in one of the following forms:

g _dS@) <
dt dt

Our most common usage is that of dot notation, as in the last term in the
equalities above.

Finally, much (but not all) of the mathematical analysis in this text is
set in terms of continuous time (rather than discrete time). For reasons of



xviii

Notation

compactness and brevity, we chose in the first and second editions to
avoid using the more conventional continuous-time notation x(¢) and to
use instead the form x,. That convention is continued here. This does, of
course, run the risk of ambiguity. However, we have made every effort
in the text to make explicit when discrete-time (rather than continuous-
time) arguments are being used.



Introduction

Who is this book for?

This book is directed at students of economics,
undertaking a specialist course in resource and/or
environmental economics. Its primary use is
expected to be as a principal textbook in upper-level
undergraduate (final year) and taught masters-level
postgraduate programmes. However, it will also
serve as a main or supporting text for second-year
courses (or third-year courses on four-year degree
programmes) that have a substantial environmental
economics component.

This third edition of the text is intended to be
comprehensive and contemporary. It deals with all
major areas of natural resource and environmental
economics. The subject is presented in a way that
gives a more rigorous grounding in economic ana-
lysis than is common in existing texts at this level. It
has been structured to achieve a balance of theory,
applications and examples, which is appropriate to
a text of this level, and which will be, for most
readers, their first systematic analysis of resource
and environmental economics.

Assumptions we make about the readers
of this text

We assume that the reader has a firm grasp of the
economic principles covered in the first year of a
typical undergraduate economics programme. In par-
ticular, it is expected that the reader has a reasonable
grounding in microeconomics. However, little know-
ledge of macroeconomics is necessary for using this
textbook. We make extensive use throughout the
book of welfare economics. This is often covered in
second-year micro courses, and those readers who

have previously studied this will find it useful. How-
ever, the authors have written the text so that relevant
welfare economics theory is developed and explained
as the reader goes through the early chapters.

The authors have also assumed that the reader will
have a basic knowledge of algebra. The text has
been organised so that Parts I to III inclusive (Chap-
ters 1 to 13) make use of calculus only to an ele-
mentary level. Part IV (Chapters 14 to 19) deals with
the use of environmental resources over time, and
so necessarily makes use of some more advanced
techniques associated with dynamic optimisation.
However, we have been careful to make the text
generally accessible, and not to put impediments in
the way of those students without substantial math-
ematics training. To this end, the main presentations
of arguments are verbal and intuitive, using graphs
as appropriate. Proofs and derivations, where these
are thought necessary, are placed in appendices.
These can be omitted without loss of continuity, or
can be revisited in a later reading.

Nevertheless, the authors believe that some math-
ematical techniques are sufficiently important to an
economic analysis of environmental issues at this
level to warrant a brief ‘first-principles’ exposition
in the text. We have included, as separate appen-
dices, sections explaining the Lagrange multiplier
technique of solving constrained optimisation prob-
lems, an exposition of optimal control theory, and a
brief primer on elementary matrix algebra.

Contents

A novel feature of this third edition is the division of
the text into four parts; these parts cluster together
the principal areas of interest, research and learning
in natural resource and environmental economics.
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Introduction

Part I deals with the foundations of resource and
environmental economics

The first chapter provides a background to the study
of resource and environmental economics by putting
the field in its context in the history of economics,
and by briefly outlining the fundamental character-
istics of an economics approach to environmental
analysis. The text then, in Chapter 2, considers the
origins of the sustainability problem by discussing
economy—environment interdependence, introducing
some principles from environmental science, and by
investigating the drivers of environmental impact.
Sustainable development is intrinsically related to
the quality of human existence, and we review here
some of the salient features on the current state of
human development. Chapter 3 examines the ethical
underpinnings of resource and environmental eco-
nomics, while Chapter 4 considers conceptualisa-
tions of the sustainability problem. Part I finishes,
in Chapter 5, with a comprehensive review of the
theory of static welfare economics, and provides
the fundamental economic tools that will be used
throughout the rest of the book.

Part II covers what is usually thought to be
‘environmental economics’

A principal focus of the five chapters in Part II is the
analysis of pollution. We deal here with pollution
targets, in Chapter 6, and with methods of attaining
pollution targets (that is, instruments), in Chapter 7.
We are careful to pay proper attention to the limits
of economic analysis in these areas. Pollution policy
is beset by problems of limited information and
uncertainty, and Chapter 8 is entirely devoted to this
matter. Many environmental problems spill over
national boundaries, and can only be successfully
dealt with by means of international cooperation.
Again, we regard this topic of sufficient importance
to warrant a chapter, 10, devoted to it. A central fea-
ture of this chapter is our use of game theory as
the principal tool by which we study the extent and
evolution of international cooperation on environ-
mental problems. Finally, the authors stress the
limits of partial equilibrium analysis. In Chapter 9
we take the reader through the two principal tools of
economy-wide economy—environment modelling,
input—output analysis and computable general equi-

librium modelling. The ways in which general equili-
brium — as opposed to partial equilibrium — modelling
can enhance our understanding of resource and envir-
onmental issues and provide a rich basis for policy
analysis is demonstrated here.

Part Il is concerned with the principles and
practice of project appraisal

Many practitioners will find that their work involves
making recommendations about the desirability of
particular projects. Cost—benefit analysis is the
central tool developed by economists to support this
activity. We provide, in Chapter 11, a careful sum-
mary of that technique, paying close attention to
its theoretical foundations in intertemporal welfare
economics. Our exposition also addresses the limits
— in principle and in practice — of cost—benefit ana-
lysis, and outlines some other approaches to project
appraisal, including multi-criteria analysis. A dis-
tinguishing characteristic of the economic approach
to project appraisal is its insistence on the evaluation
of environmental impacts on a basis that allows
comparability with the other costs and benefits of the
project. In Chapter 12 we examine the economic
theory and practice of valuing environmental (and
other non-marketed) services, giving examples of
the application of each of the more commonly used
methods. Inevitably, decisions are made within a
setting of risk and uncertainty, and in which actions
will often entail irreversible consequences. Chapter
13 examines how these considerations might shape
the ways in which projects should be appraised.

Part IV covers what is commonly known as
resource economics

The basic economic approach to natural resource
exploitation is set out in Chapter 14. In Chapter 15
we focus on non-renewable resources, while Chap-
ter 17 is about the economics of renewable resource
harvesting and management, focusing especially on
ocean fisheries. Forest resources have some special
characteristics, and are the subject of Chapter 18.
Chapter 16 revisits the analysis of pollution prob-
lems, but this time focusing on stock pollutants,
where the analytical methods used to study resources
are applicable. In this chapter pollution generation is
linked to the extraction and use of natural resources,
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as is necessary in order to develop a sound under-
standing of many environmental problems, in particu-
lar that of the enhanced greenhouse effect. Finally,
Chapter 19 returns to the question of sustainability
in the context of a discussion of the theory and prac-
tice of environmental accounting.

Perspectives

All books look at their subject matter through one or
more ‘lenses’ and this one is no exception.

m [t adopts an economics perspective, while
nevertheless recognising the limits of a purely
economic analysis and the contributions played
by other disciplines.

m [t is an environmental economics (as opposed
to an ecological economics) text, although the
reader will discover something here of what
an ecological economics perspective entails.

» The authors have oriented the text around the
organising principles of efficiency and
sustainability.

m» Many textbook expositions fail to distinguish
properly between the notions of efficiency and
optimality; it is important to use these related,
but nevertheless separate, ideas properly.

m Although the partitioning of the text might
be taken to imply a separation of resource
economics from environmental economics,
our treatment of topics has made every effort
to avoid this.

= Some topics and ideas appear at several points
in the book, and so are examined from different
perspectives and in various contexts. Examples
include the Hartwick rule and the safe minimum
standard principle.

» Substantial attention is given to the
consequences of limited information (or
uncertainty) for policy making.

The textbook as a learning resource

The authors are aware that students need a variety
of resources for effective learning. We have tried to

move this third edition of the text closer to provid-
ing a full set of such resources. This has been done
mainly through the development of an accompany-
ing website.

The content of that site is described at length in
the section on Additional Resources. At this point it
is sufficient just to note that these consist (prin-
cipally but not exclusively) of

= a set of web links, carefully structured
to facilitate further reading and research;

m specimen answers for the Discussion Questions
and Problems that appear at the end of the
chapters in the book;

= many additional online Word documents,
examining at greater length some topics that
had relatively brief coverage in the main text
(such as biodiversity, agriculture, traffic);

» a large number of Excel files that use simulation
techniques to explore environmental issues,
problems, or policies. These can be used by
the reader to enhance understanding through
exploring a topic further; and teachers may work
them up into problems that give powerful
insight.

Other pedagogical features

We have gone to some trouble to use, as far as is
possible, consistent notation throughout the book. A
list of the main symbols used and their usual mean-
ings is given on page xvi. However, given the range
of material covered it has not been possible to main-
tain a one-to-one correspondence between symbols
and referents throughout the book. Some symbols do
have different meanings in different places. Where-
ver there is the possibility of confusion we have
made explicit what the symbols used mean at that
point in the text.

Secondly, each chapter begins with learning
objectives and concludes with a chapter summary.
While these are relatively modest in extent, we hope
the reader will nevertheless find them useful. Finally,
each chapter also contains a guide to further reading.
Several of these are very extensive. Combined with
the website-based links and bibliographies, the
reader will find many pointers on where to go next.
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Course designs

The authors do, of course, hope that this text will be
used for a full course of study involving the material
in all 19 chapters. However, we are aware that this
would be time-consuming and may not fit with all
institutional structures. We therefore offer the fol-
lowing three suggestions as to how the text might
be used for shorter courses. Suggestions A and B
avoid the chapters where dynamic optimisation
techniques need to be used, but still include material
on sustainability and the principles and application
of cost—benefit analysis. In all cases, courses could
be further shortened for students with a strong eco-
nomics background by treating some parts, at least,
of Chapters 5 and 11 as revision material. We do not
recommend that this material be completely dropped
for any course. Obviously, other permutations are
also possible.

A: An environmental economics course

Part | Foundations

Chapter 1 An introduction to natural resource and
environmental economics

Chapter 2 The origins of the sustainability problem
Chapter 3 Ethics, economics and the environment
Chapter 4 Concepts of sustainability

Chapter 5 Welfare economics and the environment

Part Il Environmental Pollution

Chapter 6 Pollution control: targets
Chapter 7 Pollution control: instruments
Chapter 10 International environmental problems

Part Il Project Appraisal

Chapter 11 Cost-benefit analysis
Chapter 12 Valuing the environment

B: An environmental policy course

Part | Foundations

Chapter 2 The origins of the sustainability problem
Chapter 3 Ethics, economics and the environment

Chapter 4 Concepts of sustainability
Chapter 5 Welfare economics and the environment

Part Il Environmental Pollution

Chapter 6 Pollution control: targets

Chapter 7 Pollution control: instruments

Chapter 8 Pollution policy with imperfect information
Chapter 9 Economy-wide modelling

Chapter 10 International environmental problems

Part 1ll Project Appraisal

Chapter 11 Cost-benefit analysis
Chapter 12 Valuing the environment
Chapter 13 Irreversibility, risk and uncertainty

C: A resource economics and policy course

Part | Foundations

Chapter 2 The origins of the sustainability problem
Chapter 4 Concepts of sustainability
Chapter 5 Welfare economics and the environment

Part Il Project Appraisal

Chapter 11 Cost—benefit analysis
Chapter 12 Valuing the environment
Chapter 13 Irreversibility, risk and uncertainty

Part IV Natural Resource Exploitation

Chapter 14 The efficient and optimal use of natural
resources

Chapter 15 The theory of optimal resource extrac-
tion: non-renewable resources

Chapter 16 Stock pollution problems

Chapter 17 Renewable resources

Chapter 18 Forest resources

Chapter 19 Accounting for the environment

Additional resources

On the back cover of this textbook, you will
find the URL (website address) of a site that is
available to accompany the text. For convenience,
we reproduce the web address again here; it is
www.booksites.net/perman.
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Clicking on this hyperlink will take you to the
top page of the Natural Resource and Environmental
Economics website maintained by one of the

authors. A screenshot of what this web page looks
like is shown below.
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This web page contains, among other things, some
navigation tips to help you find your way around this
site. When you are ready to move on, please click on
the link indicated by Main Menu. This takes you to
the main menu of resources available on the accom-
panying website.

The Main Menu contains eight choices. The
four on the left are directly related to the textbook.
The four on the right are of associated interest. In
the table overleaf, a brief description is given of the
resources available from each of these menu items.
Fuller descriptions of some of these menu items are
given later in this Introduction.

This accompanying website will undergo a pro-
cess of evolution throughout the life of the textbook.
Periodically, the content of the web pages will be

reviewed and updated where necessary or desirable.
Some of the menu items which are relatively ‘sparsely
populated’ right now (such as Miscellaneous Items,
and Courses: Outlines and Details) are likely to
become more heavily populated as time goes by. As
errata become known to us, the relevant web pages
will be periodically updated.

The authors welcome suggestions for further
items to include on these web pages. If you would
like to make any such suggestion, or if you have
a particular ‘ready-made’ item that you feel would
be a useful addition, please e-mail Roger Perman at
r.perman@strath.ac.uk. The authors will consider
these suggestions carefully and, wherever possible
and desirable, incorporate them (with proper attribu-
tion) in these web pages.
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Additional Materials for the Text

Selecting this page gives the reader access to all the Additional Materials referred to

throughout the text and to many others not mentioned explicitly in the text.

Images from the Text
Errors in the Third Edition

Answers to Questions in the Text

Environmental Economics Links

A variety of Bibliographies
and organisations.

Courses: Outlines and Details

Miscellaneous Items
of interest to you.

Here you will find downloadable copies of the images used in the textbook.
This page lists all errors in the text currently known to the authors.

Selecting this page takes the reader to a page that gives access to answers to all questions
and problems in the text.

Provides an extensive annotated set of web page links of interest to the resource and
environmental economist.

Here you will find several large bibliographies of readings compiled by various individuals

A compendium of resource and environmental courses available throughout the world.

As the name implies, contains a collection of items that are difficult to classify but may be

We now give a little more information about some
of these menu items.

Additional Materials for the Text

This is intended by the authors to be the main
resource available on this accompanying website.
It is important to be clear that all the materials here
are entirely optional and genuinely additional. It is
not necessary for the reader to read, study, or work
through any of them. It is not required that you use
any of these materials to follow any of the argu-
ments and/or examples used in the text. The text-
book has been written in such a way that it stands
alone, and does not intrinsically depend on these
additional materials. (Where we felt something was
necessary, it was included in the main text.)
However, the fact that we have included these
materials does imply that the authors think you
may find some of them useful. Some materials are
designed to broaden knowledge (by giving, in Word
files, additional commentary on related matters).
Others are aimed at deepening understanding by
using standard software packages (such as Excel) to
show how numerical examples used in the text were
obtained, and to allow the reader to experiment a
little, perhaps by changing parameter values from
those used in the text and observing what happens.
Occasionally we use the symbolic mathematical
package Maple for some of the items in Additional
Materials. Many readers will be unfamiliar with this
pakage, and you should not worry if they are not,

therefore, useful to you. But please note that Maple
is increasingly being used in higher education, is not
difficult to learn, and it can be a very powerful tool
to have at your disposal. You may wish to follow
some of our suggestions about how this package
can be learned. Finally, we also anticipate that some
lecturers and instructors will wish to adapt some of
these materials for class use (much as many of the
files you will find here benefit from other writers’
earlier work). The authors believe that much useful
learning can take place if instructors adapt some of
the spreadsheet exercises as exploratory problems
and set them as individual or group tasks for their
students.

Accessing the Additional Materials

Most of the chapters in the textbook refer to one or
more files that are called Additional Materials, plus
a specific file name. To find, and then open/down-
load these files, go to the ‘Additional Materials for
the Text’ link in the Main Menu. Then select the
appropriate chapter from the table you will see there.
The page you will then see contains a hyperlinked
listing of all Additional Materials for that chapter.
The first item in the list for each chapter is a Readme
file that briefly summarises all of these.

Please note that we do not place a comprehensive
listing of all Additional Materials referred to in any
particular chapter at the end of that chapter. Such a
listing can only be found on the appropriate Readme
file that we mentioned above.
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Answers to Questions in the Text

All chapters in this textbook (except the first) con-
tain a small number of Discussion Questions and
Problems. Answers are available to most of these.
Those answers are collated chapter-by-chapter, and
can be accessed through the main table that you will
find on this web page.

However, the authors must admit to being in
something of a quandary about how those answers
should be made available. One principle that we
regard as eminently reasonable is that all readers of
this text should have free access to the answers. But
we are also aware that some instructors may wish
to set some of the Questions or Problems for their
students, possibly with the intention of assessing
answer quality. This seems to be in conflict with the
desire to give open access.

At the time of writing, we are inclined to provide
open access to the answers. However, the authors
reserve the right to change this policy, particularly
if instructors inform us that a password-protected
answer set would be of particular value to them.
Therefore, we may at some point in the future ask
Pearson Education Limited to password-protect this
site. Those wishing to be given a password would, in
that event, need to apply through the relevant form
that would be provided in the ‘Answers to Questions
in the Text” pages on the website. All requests from
instructors and any other ‘reasonable request’ for a
password would be met in the affirmative.

Environmental Economics Links

As we remarked in the second edition, a huge vol-
ume of information of interest to the environmental
economist can now be found on the Internet. This
can be read online, printed for future reference or
saved to disk. It is hardly a novel idea to compile a
set of ‘Useful links’ and to place this on one’s own
website. We have also done that.

However, we have reasons for believing you may
find this one more useful than most. The main rea-
son for this belief lies in its structure. Actually, these
links are structured in two different ways:

= by chapter topic
» by the provider type

For example, suppose that you have just read
Chapter 17 (on renewable resources) and wish to be
pointed to a set of web links that are particularly
useful in relation to the content of that chapter. Then
go to the chapter-by-chapter menu option, select 17
from the table, and the links will be provided. We
do not claim that our classification is always uncon-
tentious; but the authors have tried to be helpful.
Some of the web links contain brief annotated com-
mentary that may help you select more efficiently.

The ‘By organisation link’ structure is more
conventional but still very useful, given that so
much of value comes from a relatively small set of
organisations. You will find that we have further
sub-classified this set in various ways to help your
searching. It will be too cumbersome to explain the
classification structure here. It will be much simpler
for you to follow the appropriate link from the
Main Menu and view it directly. You will no doubt
know already many incredibly good Internet sites
maintained by organisations with an interest in the
environment (such as those of the US EPA, various
United Nations bodies, and many environmental
ministries). You may be less aware of the existence
of a large number of excellent university or research
group sites, or those of various individuals and NGOs.

Note also that the main menu has one specific
item labelled as ‘A variety of Bibliographies’. Listed
here are not only links to some excellent printed
book and/or article bibliographies but also links to a
small number of other exceptionally good website
compilations. You do not have to rely only on us,
therefore!

We are always looking for new suggestions for
links to be included in our lists. Please e-mail sug-
gestions to Roger Perman (address given earlier).

Site availability

Although the URL for the accompanying website is
www.booksites.net/perman, the server location used
is actually at the University of Strathclyde. The site
can also be accessed via the URL http://homepages.
strath.ac.uk/~hbs96107/enviro7.htm. In common
with web addresses at many university servers, this
address may change at some time in the future. In
the event of such a change, a link to the revised
address will be given on the accompanying website.
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CHAPTER 1

An introduction to natural resource

and environmental economics

Contemplation of the world’s disappearing supplies of minerals, forests, and other exhaustible
assets has led to demands for regulation of their exploitation. The feeling that these products
are now too cheap for the good of future generations, that they are being selfishly exploited

at too rapid a rate, and that in consequence of their excessive cheapness they are being
produced and consumed wastefully has given rise to the conservation movement.

Learning objectives

In this chapter you will

m be introduced to the concepts of efficiency,
optimality and sustainability

m learn about the history of natural resource
and environmental economics

m have the main issues of modern resource and
environmental economics identified

m see an overview and outline of the structure
of this text

Introduction

The three themes that run through this book are
efficiency, optimality and sustainability. In this
chapter we briefly explain these themes, and then
look at the emergence of the field of study which is
the economic analysis of natural resources and the
environment. We then identify some of the key fea-
tures of that field of study, and indicate where, later
in the book, the matters raised here are discussed
more fully.

Hotelling (1931)

1.1 Three themes

The concepts of efficiency and optimality are used in
specific ways in economic analysis. We will be dis-
cussing this at some length in Chapter 5. However, a
brief intuitive account here will be useful. One way
of thinking about efficiency is in terms of missed
opportunities. If resource use is wasteful in some
way then opportunities are being squandered; elim-
inating that waste (or inefficiency) can bring net
benefits to some group of people. An example is
energy inefficiency. It is often argued that much
energy is produced or used inefficiently, and that
if different techniques were employed significant
resource savings could be gained with no loss in
terms of final output.

This kind of argument usually refers to some kind
of technical or physical inefficiency. Economists
usually assume away this kind of inefficiency, and
focus on allocative inefficiencies. Even where
resources are used in technically efficient ways, net
benefits are sometimes squandered. For example,
suppose that electricity can be, in technically effi-
cient ways, generated by the burning of either some
heavily polluting fossil fuel, such as coal, or a less
polluting alternative fossil fuel, such as gas. Because
of a lower price for the former fuel, it is chosen by
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profit-maximising electricity producers. However,
the pollution results in damages which necessitate
expenditure on health care and clean-up operations.
These expenditures, not borne by the electricity sup-
plier, may exceed the cost saving that electricity
producers obtain from using coal.

If this happens there is an inefficiency that results
from resource allocation choices even where there
are no technical inefficiencies. Society as a whole
would obtain positive net benefits if the less polluting
alternative were used. We show throughout the book
that such allocative inefficiencies will be pervasive
in the use of natural and environmental resources in
pure market economies. A substantial part of envir-
onmental economics is concerned with how eco-
nomies might avoid inefficiencies in the allocation
and use of natural and environmental resources.

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

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

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

Then a resource-use choice is socially optimal if it
maximises that objective given any relevant con-
straints that may be operating.

As we shall see (particularly in Chapter 5), the
reason efficiency and optimality are related is that
it turns out to be the case that a resource allocation
cannot be optimal unless it is efficient. That is,
efficiency is a necessary condition for optimality.
This should be intuitively obvious: if society squan-
ders opportunities, then it cannot be maximising its
objective (whatever that might be). However, effi-
ciency is not a sufficient condition for optimality; in
other words, even if a resource allocation is efficient,
it may not be socially optimal. This arises because
there will almost always be a multiplicity of differ-
ent efficient resource allocations, but only one of
those will be ‘best’ from a social point of view. Not
surprisingly, the idea of optimality also plays a role
in economic analysis.

The third theme is sustainability. For the moment
we can say that sustainability involves taking care of

posterity. Why this is something that we need to
consider in the context of resource and environ-
mental economics is something that we will discuss
in the next chapter. Exactly what ‘taking care of pos-
terity’ might mean is discussed in Chapter 4. On first
thinking about this, you might suspect that, given
optimality, a concept such as sustainability is redund-
ant. If an allocation of resources is socially optimal,
then surely it must also be sustainable? If sustain-
ability matters, then presumably it would enter into
the list of society’s objectives and would get taken
care of in achieving optimality. Things are not quite
so straightforward. The pursuit of optimality as usu-
ally considered in economics will not necessarily
take adequate care of posterity. If taking care of pos-
terity is seen as a moral obligation, then the pursuit of
optimality as economists usually specify it will need
to be constrained by a sustainability requirement.

1.2  The emergence of resource and

environmental economics

We now briefly examine the development of resource
and environmental economics from the time of the
industrial revolution in Europe.

1.2.1 Classical economics: the contributions
of Smith, Malthus, Ricardo and Mill to
the development of natural resource
economics

While the emergence of natural resource and envir-
onmental economics as a distinct sub-discipline
has been a relatively recent event, concern with the
substance of natural resource and environmental
issues has much earlier antecedents. It is evident, for
example, in the writings of the classical economists,
for whom it was a major concern. The label ‘class-
ical’ identifies a number of economists writing in the
eighteenth and nineteenth centuries, a period during
which the industrial revolution was taking place (at
least in much of Europe and North America) and
agricultural productivity was growing rapidly. A
recurring theme of political-economic debate con-
cerned the appropriate institutional arrangements for
the development of trade and growth.
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These issues are central to the work of Adam
Smith (1723-1790). Smith was the first writer to
systematise the argument for the importance of mar-
kets in allocating resources, although his emphasis
was placed on what we would now call the dynamic
effects of markets. His major work, An Inquiry into
the Nature and Causes of the Wealth of Nations
(1776), contains the famous statement of the role of
the ‘invisible hand’:

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

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

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

Smith ([1776] 1961), Book 1V, Ch. 2, p. 477

This belief in the efficacy of the market mechanism
is a fundamental organising principle of the policy
prescriptions of modern economics, including re-
source and environmental economics, as will be seen
in our account of it in the rest of the book.

A central interest of the classical economists was
the question of what determined standards of living
and economic growth. Natural resources were seen
as important determinants of national wealth and its
growth. Land (sometimes used to refer to natural
resources in general) was viewed as limited in its
availability. When to this were added the assump-
tions that land was a necessary input to production
and that it exhibited diminishing returns, the early
classical economists came to the conclusion that
economic progress would be a transient feature of
history. They saw the inevitability of an eventual
stationary state, in which the prospects for the living
standard of the majority of people were bleak.

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

This notion of a steady state was formalised and
extended by David Ricardo (1772-1823), particu-
larly in his Principles of Political Economy and
Taxation (1817). Malthus’s assumption of a fixed
stock of land was replaced by a conception in which
land was available in parcels of varying quality.
Agricultural output could be expanded by increasing
the intensive margin (exploiting a given parcel of
land more intensively) or by increasing the extens-
ive margin (bringing previously uncultivated land
into productive use). However, in either case, returns
to the land input were taken to be diminishing. Eco-
nomic development then proceeds in such a way that
the ‘economic surplus’ is appropriated increasingly
in the form of rent, the return to land, and develop-
ment again converges toward a Malthusian station-
ary state.

In the writings of John Stuart Mill (1806—-1873)
(see in particular Mill (1857)) one finds a full state-
ment of classical economics at its culmination. Mill’s
work utilises the idea of diminishing returns, but
recognises the countervailing influence of the growth
of knowledge and technical progress in agriculture
and in production more generally. Writing in Britain
when output per person was apparently rising, not
falling, he placed less emphasis on diminishing
returns, reflecting the relaxation of the constraints of
the extensive margin as colonial exploitation opened
up new tranches of land, as fossil fuels were increas-
ingly exploited, and as innovation rapidly increased
agricultural productivity. The concept of a stationary



Foundations

state was not abandoned, but it was thought to be
one in which a relatively high level of material pros-
perity would be attained.

Foreshadowing later developments in environ-
mental economics, and the thinking of conservation-
ists, Mill adopted a broader view of the roles played
by natural resources than his predecessors. In addi-
tion to agricultural and extractive uses of land, Mill
saw it as a source of amenity values (such as the
intrinsic beauty of countryside) that would become
of increasing relative importance as material condi-
tions improved. We discuss a modern version of this
idea in Chapter 11.

Mill’s views are clearly revealed in the following
extract from his major work.

Those who do not accept the present very early

stage of human improvement as its ultimate type

may be excused for being comparatively indifferent
to the kind of economic progress which excites the
congratulations of ordinary politicians: the mere
increase of production . . . It is only in the backward
countries of the world that increased production is still
an important object; in those most advanced, what is
needed is a better distribution . . . There is room in the
world, no doubt, and even in old countries, for a great
increase in population, supposing the arts of life to

go on improving, and capital to increase. But even

if innocuous, I confess I see very little reason for
desiring it. The density of population necessary to
enable mankind to obtain, in the greatest degree, all
of the advantages both of cooperation and of social
intercourse, has, in all the most populous countries,
been attained. A population may be too crowded,
though all be amply supplied with food and raiment.
It is not good for man to be kept perforce at all times
in the presence of his species . . . Nor is there much
satisfaction in contemplating the world with nothing
left to the spontaneous activity of nature: with every
rood of land brought into cultivation, which is capable
of growing food for human beings; every flowery
waste or natural pasture ploughed up, all quadrupeds
or birds which are not domesticated for man’s use
exterminated as his rivals for food, every hedgerow
or superfluous tree rooted out, and scarcely a place
left where a wild shrub or flower could grow without
being eradicated as a weed in the name of improved
agriculture. If the earth must lose that great portion

of its pleasantness which it owes to things that the
unlimited increase of wealth and population would
extirpate from it, for the mere purpose of enabling

it to support a larger, but not a happier or better
population, I sincerely hope, for the sake of posterity,
that they will be content to be stationary long before
necessity compels them to it.

Mill (1857), Book 1V

1.2.2 Neoclassical economics: marginal
theory and value

A series of major works published in the 1870s
began the replacement of classical economics by
what subsequently became known as ‘neoclassical
economics’. One outcome of this was a change in
the manner in which value was explained. Classical
economics saw value as arising from the labour
power embodied (directly and indirectly) in out-
put, a view which found its fullest embodiment in
the work of Karl Marx. Neoclassical economists
explained value as being determined in exchange, so
reflecting preferences and costs of production. The
concepts of price and value ceased to be distinct.
Moreover, previous notions of absolute scarcity and
value were replaced by a concept of relative scarcity,
with relative values (prices) determined by the
forces of supply and demand. This change in em-
phasis paved the way for the development of welfare
economics, to be discussed shortly.

At the methodological level, the technique of
marginal analysis was adopted, allowing earlier
notions of diminishing returns to be given a formal
basis in terms of diminishing marginal productivity
in the context of an explicit production function.
Jevons (1835-1882) and Menger (1840-1921) form-
alised the theory of consumer preferences in terms
of utility and demand theory. The evolution of neo-
classical economic analysis led to an emphasis on
the structure of economic activity, and its allocative
efficiency, rather than on the aggregate level of eco-
nomic activity. Concern with the prospects for con-
tinuing economic growth receded, perhaps reflecting
the apparent inevitability of growth in Western
Europe at this time. Leon Walras (1834-1910) devel-
oped neoclassical General Equilibrium Theory, and
in so doing provided a rigorous foundation for the
concepts of efficiency and optimality that we employ
extensively in this text. Alfred Marshall (1842—-1924)
(see Principles of Economics, 1890) was responsible
for elaboration of the partial equilibrium supply-and-
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demand-based analysis of price determination so
familiar to students of modern microeconomics. A
substantial part of modern environmental economics
continues to use these techniques as tools of exposi-
tion, as do we at many points throughout the book.

We remarked earlier that concern with the level
(and the growth) of economic activity had been
largely ignored in the period during which neo-
classical economics was being developed. Economic
depression in the industrialised economies in the
inter-war years provided the backcloth against which
John Maynard Keynes (1883-1946) developed his
theory of income and output determination. The
Keynesian agenda switched attention to aggregate
supply and demand, and the reasons why market eco-
nomies may fail to achieve aggregate levels of activ-
ity that involve the use of all of the available inputs
to production. Keynes was concerned to explain,
and provide remedies for, the problem of persistent
high levels of unemployment, or recession.

This direction of development in mainstream eco-
nomics had little direct impact on the emergence of
resource and environmental economics. However,
Keynesian ‘macroeconomics’, as opposed to the
microeconomics of neoclassical economics, was of
indirect importance in stimulating a resurgence of
interest in growth theory in the middle of the twen-
tieth century, and the development of a neoclassical
theory of economic growth. What is noticeable in
early neoclassical growth models is the absence
of land, or any natural resources, from the produc-
tion function used in such models. Classical limits-
to-growth arguments, based on a fixed land input,
did not have any place in early neoclassical growth
modelling.

The introduction of natural resources into neo-
classical models of economic growth occurred in the
1970s, when some neoclassical economists first
systematically investigated the efficient and optimal
depletion of resources. This body of work, and the
developments that have followed from it, is natural
resource economics. The models of efficient and
optimal exploitation of natural resources that we
present and discuss in Chapters 14, 15, 17 and 18 are
based on the writings of those authors. We will also
have call to look at such models in Chapter 19, where
we discuss the theory of accounting for the environ-
ment as it relates to the question of sustainability.

1.2.3 Welfare economics

The final development in mainstream economic
theory that needs to be briefly addressed here is the
development of a rigorous theory of welfare eco-
nomics. Welfare economics, as you will see in
Chapter 5, attempts to provide a framework in which
normative judgements can be made about alternative
configurations of economic activity. In particular, it
attempts to identify circumstances under which it
can be claimed that one allocation of resources is
better (in some sense) than another.

Not surprisingly, it turns out to be the case that
such rankings are only possible if one is prepared to
accept some ethical criterion. The most commonly
used ethical criterion adopted by classical and neo-
classical economists derives from the utilitarian
moral philosophy, developed by David Hume,
Jeremy Bentham and John Stuart Mill. We explore
this ethical structure in Chapter 3. Suffice to say now
that utilitarianism has social welfare consisting of
some weighted average of the total utility levels
enjoyed by all individuals in the society.

Economists have attempted to find a method
of ranking different states of the world which does
not require the use of a social welfare function, and
makes little use of ethical principles, but is neverthe-
less useful in making prescriptions about resource
allocation. The notion of economic efficiency, also
known as allocative efficiency or Pareto optimality
(because it was developed by Vilfredo Pareto (1897))
is what they have come up with. These ideas are
examined at length in Chapter 5. It can be shown
that, given certain rather stringent conditions, an eco-
nomy organised as a competitive market economy
will attain a state of economic efficiency. This is
the modern, and rigorous, version of Adam Smith’s
story about the benign influence of the invisible
hand.

Where the conditions do not hold, markets do not
attain efficiency in allocation, and a state of ‘market
failure’ is said to exist. One manifestation of market
failure is the phenomenon of ‘externalities’. These
are situations where, because of the structure of prop-
erty rights, relationships between economic agents
are not all mediated through markets. Market failure
and the means for its correction will be discussed in
Chapter 5.
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The problem of pollution is a major concern of
environmental economics. It first attracted the atten-
tion of economists as a particular example of the
general class of externalities. Important early work
in the analysis of externalities and market failure is
to be found in Marshall (1890). The first systematic
analysis of pollution as an externality is to be found
in Pigou (1920). However, environmental eco-
nomics did not really ‘take off” until the 1970s. The
modern economic treatment of problems of environ-
mental pollution is covered in Chapters 6, 7 and 8§,
and in Chapter 16.

Environmental economics is also concerned with
the natural environment as a source of recreational
and amenity services, which role for the environ-
ment can be analysed using concepts and methods
similar to those used in looking at pollution prob-
lems. This branch of modern environmental eco-
nomics is covered in Chapters 11, 12 and 13. Like
pollution economics, it makes extensive use of the
technique of cost-benefit analysis, which emerged
in the 1950s and 1960s as a practical vehicle for
applied welfare economics and policy advice. The
basic structure and methodology of cost-benefit
analysis is dealt with in Chapter 11, building on the
discussion of market failure and public policy in
Chapter 5.

The modern sub-disciplines of natural resource
economics and environmental economics have
largely distinct roots in the core of modern main-
stream economics. The former emerged mainly out
of neoclassical growth economics, the latter out of
welfare economics and the study of market failure.
Both can be said to effectively date from the early
1970s, though of course earlier contributions can be
identified.

1.2.4 Ecological economics

Ecological economics is a relatively new, interdis-
ciplinary, field. In the 1980s a number of economists
and natural scientists came to the conclusion that
if progress was to be made in understanding and
addressing environmental problems it was neces-
sary to study them in an interdisciplinary way. The
International Society for Ecological Economics was
set up in 1989. The precise choice of name for this
society may have been influenced by the fact that a

majority of the natural scientists involved were eco-
logists, but more important was the fact that eco-
nomics and ecology were seen as the two disciplines
most directly concerned with what was seen as the
central problem — sustainability.

Ecology is the study of the distribution and abund-
ance of animals and plants. A central focus is an
ecosystem, which is an interacting set of plant and
animal populations and their abiotic, non-living,
environment. The Greek word ‘oikos’ is the common
root for the ‘eco’ in both economics and ecology.
Oikos means ‘household’, and it could be said that
ecology is the study of nature’s housekeeping, while
economics is the study of human housekeeping.
Ecological economics could then be said to be the
study of how these two sets of housekeeping are
related to one another. Earlier in this chapter we said
that sustainability involves taking care of posterity.
Most of those who would wish to be known as eco-
logical economists are concerned that the scale of
human housekeeping is now such that it threatens
the viability of nature’s housekeeping in ways which
will adversely affect future generations of humans.

The distinguishing characteristic of ecological
economics is that it takes as its starting point and
its central organising principle the fact that the
economic system is part of the larger system that is
planet earth. It starts from the recognition that the
economic and environmental systems are interde-
pendent, and studies the joint economy—environment
system in the light of principles from the natural
sciences, particularly thermodynamics and ecology.
We shall briefly discuss these matters in the next
chapter, which has the title ‘The origins of the sus-
tainability problem’, as it is the interdependence of
economic and natural systems that gives rise to the
sustainability problem.

Kenneth Boulding is widely regarded as one of
the ‘founding fathers’ of ecological economics. Box
1.1 summarises a paper that he wrote in 1966 which
uses vivid metaphors to indicate the change in ways
of thinking that he saw as necessary, given the laws
of nature and their implications for economic activ-
ity. As we have seen, the dependence of economic
activity on its material base — the natural environ-
ment — was a central concern of classical economics,
but not of neoclassical economics. Boulding was
one of a few scholars, including some economists,



Box 1.1 Economics of ‘Spaceship Earth’

In a classic paper written in 1966, ‘The
economics of the coming Spaceship Earth’,
Kenneth Boulding discusses a change in
orientation that is required if mankind is to
achieve a perpetually sustainable economy. He
begins by describing the prevailing image which
man has of himself and his environment. The
‘cowboy economy’ describes a state of affairs

in which the typical perception of the natural
environment is that of a virtually limitless plane,
on which a frontier exists that can be pushed
back indefinitely. This economy is an open
system, involved in interchanges with the

world outside. It can draw upon inputs from
the outside environment, and send outputs (in
the form of waste residuals and so on) to the
outside. In the cowboy economy perception, no
limits exist on the capacity of the outside to
supply or receive energy and material flows.

Boulding points out that, in such an economy,
the measures of economic success are defined
in terms of flows of materials being processed or
transformed. Roughly speaking, income measures
such as GDP or GNP reflect the magnitudes of
these flows — the cowboy perception regards it as
desirable that these flows should be as large as
possible.

However, Boulding argues, this economy is
built around a flawed understanding of what is
physically possible in the long run. A change in
our perception is therefore required to one in
which the earth is recognised as being a closed
system or, more precisely, a system closed in
all but one respect — energy inputs are received
from the outside (such as solar energy flows)
and energy can be lost to the outside (through
radiative flows, for example). In material terms,
though, planet earth is a closed system: matter
cannot be created or destroyed, and the residuals
from extraction, production and consumption
activities will always remain with us, in one
form or another.

Boulding refers to this revised perception
as that of the ‘spaceman economy’. Here, the
earth is viewed as a single spaceship, without
unlimited reserves of anything. Beyond the
frontier of the spaceship itself, there exist no
reserves from which the spaceship’s inhabitants
can draw resources nor sinks into which they
can dispose of unwanted residuals. On the
contrary, the spaceship is a closed material
system, and energy inputs from the outside are
limited to those perpetual but limited flows that
can be harnessed from the outside, such as solar
radiation.

Within this spaceship, if mankind is to
survive indefinitely, man must find his place

in a perpetually reproduced ecological cycle.
Materials usage is limited to that which can be
recycled in each time period; that, in turn, is
limited by the quantity of solar and other
external energy flows received by the spaceship.

What is an appropriate measure of economic
performance in spaceship earth? It is not the
magnitude of material flows, as measured by
GNP or the like. On the contrary, it is desirable
that the spaceship maintain such flows of
material and energy throughput at low levels.
Instead, the well-being of the spaceship is best
measured by the state — in terms of quality and
quantity — of its capital stock, including the state
of human minds and bodies.

So, for Boulding, a ‘good’ state to be in is one
in which certain stocks are at high levels — the
stock of knowledge, the state of human health,
and the stock of capital capable of yielding
human satisfaction. Ideally we should aim to
make material and energy flows as small as
possible to achieve any chosen level of the
spaceship’s capital stock, maintained over
indefinite time.

Boulding is, of course, arguing for a change
in our perceptions of the nature of economy—
environment interactions, and of what it is that
constitutes economic success. He states that

The shadow of the future spaceship, indeed, is
already falling over our spendthrift merriment.
Oddly enough, it seems to be in pollution

rather than exhaustion, that the problem is first
becoming salient. Los Angeles has run out of air,
Lake Erie has become a cesspool, the oceans are
getting full of lead and DDT, and the atmosphere
may become man’s major problem in another
generation, at the rate at which we are filling it
up with junk.

Boulding concludes his paper by considering

the extent to which the price mechanism, used
in a way to put prices on external diseconomies,
can deal with the transition to spaceship earth.
He accepts the need for market-based incentive
schemes to correct such diseconomies, but argues
that these instruments can only deal with a small
proportion of the matters which he raises.
Boulding concludes:

The problems which I have been raising in this
paper are of larger scale and perhaps much harder
to solve . . . One can hope, therefore, that as a
succession of mounting crises, especially in
pollution, arouse public opinion and mobilize
support for the solution of the immediate
problems, a learning process will be set in motion
which will eventually lead to an appreciation of
and perhaps solutions for the larger ones.

Source: Boulding (1966)
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who continued, during the ascendancy of neoclass-
ical economics, to insist on the central importance of
studying economics in a way which takes on board
what is known about the laws of nature as they affect
the material basis for economic activity. As is made
clear in Box 1.1, Boulding did not, and ecological
economics does not, take the view that everything
that resource and environmental economics has to
say, for example, about using price incentives to
deal with environmental problems is wrong. Rather,
the point is that what it has to say needs to be put in
the proper context, one where the economic system
is seen as a subsystem of a larger system.

To date, the impact of ecological economics on
the approach to the natural environment that emerged
from mainstream economics has been somewhat
limited, and this book will largely reflect that. We
will be dealing mainly with mainstream resource
and environmental economics, though the next two
chapters do directly address the problem of sus-
tainability. While the theme of sustainability runs
through the book, it is not obviously at the forefront
in Chapters 5 to 18 which are, mainly, about the
mainstream approach. We do, however, at some
points in those chapters briefly consider how adopt-
ing an ecological economics perspective would
affect analysis and policy. In the final chapter of the
book, Chapter 19, sustainability returns to the fore-
front in the context of a discussion of the prospects
for promoting sustainability by better economic
accounting.

1.3 Fundamental issues in the
economic approach to resource
and environmental issues

Here we provide a brief anticipatory sketch of four
features of the economic approach to resource and
environmental issues that will be covered in this
book.

1.3.1 Property rights, efficiency and
government intervention

We have already stated that a central question in
resource and environmental economics concerns

allocative efficiency. The role of markets and prices
is central to the analysis of this question. As we have
noted, a central idea in modern economics is that,
given the necessary conditions, markets will bring
about efficiency in allocation. Well-defined and
enforceable private property rights are one of the
necessary conditions. Because property rights do
not exist, or are not clearly defined, for many envir-
onmental resources, markets fail to allocate those
resources efficiently. In such circumstances, price
signals fail to reflect true social costs and benefits,
and a prima facie case exists for government policy
intervention to seek efficiency gains.

Deciding where a case for intervention exists, and
what form it should take, is central in all of resource
and environmental economics, as we shall see
throughout the rest of this book. The foundations for
the economic approach to policy analysis are set
out in Chapter 5, and the approach is applied in the
subsequent chapters. Some environmental problems
cross the boundaries of nation states and are pro-
perly treated as global problems. In such cases there
is no global government with the authority to act on
the problem in the same way as the government of a
nation state might be expected to deal with a prob-
lem within its borders. The special features of inter-
national environmental problems are considered in
Chapter 10.

1.3.2 The role, and the limits, of valuation,
in achieving efficiency

As just observed, many environmental resources —
or the services yielded by those resources — do not
have well-defined property rights. Clean air is one
example of such a resource. Such resources are used,
but without being traded through markets, and so
will not have market prices. A special case of this
general situation is external effects, or externalities.
As shown in Chapter 5, an externality exists where a
consumption or production activity has unintended
effects on others for which no compensation is
paid. Here, the external effect is an untraded — and
unpriced — product arising because the victim has no
property rights that can be exploited to obtain com-
pensation for the external effect. Sulphur emissions
from a coal-burning power station might be an
example of this kind of effect.
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However, the absence of a price for a resource or
an external effect does not mean that it has no value.
Clearly, if well-being is affected, there is a value that
is either positive or negative depending on whether
well-being is increased or decreased. In order to
make allocatively efficient decisions, these values
need to be estimated in some way. Returning to the
power station example, government might wish to
impose a tax on sulphur emissions so that the pol-
luters pay for their environmental damage and,
hence, reduce the amount of it to the level that goes
with allocative efficiency. But this cannot be done
unless the proper value can be put on the otherwise
unpriced emissions.

There are various ways of doing this — collect-
ively called valuation techniques — which will be
explored at some length in Chapter 12. Such tech-
niques are somewhat controversial. There is dis-
agreement between economists over the extent to
which the techniques can be expected to produce
accurate valuations for unpriced environmental ser-
vices. These are discussed in Chapter 12. Many non-
economists with an interest in how social decisions
that affect the environment are made raise rather
more fundamental problems about the techniques
and their use. Their objection is not, or at least not
just, that the techniques may provide the wrong
valuations. Rather, they claim that making decisions
about environmental services on the basis of monet-
ary valuations of those services is simply the wrong
way for society to make such decisions. These
objections, and some alternative ways proposed for
society to make decisions about the environment,
are considered in Chapter 11.

1.3.3 The time dimension of economic
decisions

Natural resource stocks can be classified in various
ways. A useful first cut is to distinguish between
‘stock’ and ‘flow’ resources. Whereas stock resources,
plant and animal populations and mineral deposits,
have the characteristic that today’s use has implica-
tions for tomorrow’s availability, this is not the case
with flow resources. Examples of flow resource are
solar radiation, and the power of the wind, of tides
and of flowing water. Using more solar radiation
today does not itself have any implications for the

availability of solar radiation tomorrow. In the case
of stock resources, the level of use today does have
implications for availability tomorrow.

Within the stock resources category there is an
important distinction between ‘renewable’ and ‘non-
renewable’ resources. Renewable resources are
biotic, plant and animal populations, and have the
capacity to grow in size over time, through biolo-
gical reproduction. Non-renewable resources are
abiotic, stocks of minerals, and do not have that
capacity to grow over time. What are here called
non-renewable resources are sometimes referred to
as ‘exhaustible’, or ‘depletable’, resources. This is
because there is no positive constant rate of use
that can be sustained indefinitely — eventually the
resource stock must be exhausted. This is not actu-
ally a useful terminology. Renewable resources are
exhaustible if harvested for too long at a rate exceed-
ing their regeneration capacities.

From an economic perspective, stock resources
are assets yielding flows of environmental services
over time. In considering the efficiency and optim-
ality of their use, we must take account not only of
use at a point in time but also of the pattern of use
over time. Efficiency and optimality have, that is, an
intertemporal, or dynamic, dimension, as well as an
intratemporal, or static, dimension. Chapter 11 sets
out the basics of intertemporal welfare economics.
In thinking about the intertemporal dimension of
the use of environmental resources, attention must
be given to the productiveness of the capital that is
accumulated as a result of saving and investment. If,
by means of saving and investment, consumption is
deferred to a later period, the increment to future
consumption that follows from such investment
will generally exceed the initial consumption quan-
tity deferred. The size of the pay-off to deferred
consumption is reflected in the rate of return to
investment.

Environmental resource stocks similarly have
rates of return associated with their deferred use.
The relations between rates of return to capital as
normally understood in economics and the rates of
return on environmental assets must be taken into
account in trying to identify efficient and optimal
paths of environmental resource use over time. The
arising theory of the efficient and optimal use of
natural and environmental resources over time is
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examined in Chapters 14, 15, 17 and 18, and is drawn
on in Chapter 19. As discussed in Chapter 16, many
pollution problems also have an intertemporal dimen-
sion, and it turns out that the analysis developed for
thinking about the intertemporal problems of resource
use can be used to analyse those problems.

1.3.4 Substitutability and irreversibility

Substitutability and irreversibility are important, and
related, issues in thinking about policy in relation
to the natural environment. If the depletion of a
resource stock is irreversible, and there is no close
substitute for the services that it provides, then
clearly the rate at which the resource is depleted has
major implications for sustainability. To the extent
that depletion is not irreversible and close substi-
tutes exist, there is less cause for concern about the
rate at which the resource is used.

There are two main dimensions to substitutabil-
ity issues. First, there is the question of the extent
to which one natural resource can be replaced by
another. Can, for example, solar power substitute for
the fossil fuels on a large scale? This is, as we shall
see, an especially important question given that the
combustion of fossil fuels not only involves the
depletion of non-renewable resources, but also is a
source of some major environmental pollution prob-
lems, such as the so-called greenhouse effect which
entails the prospect of global climate change, as dis-
cussed in Chapter 10.

Second, there is the question of the degree to
which an environmental resource can be replaced
by other inputs, especially the human-made capital
resulting from saving and investment. As we shall
see, in Chapters 2, 3, 4, 14 and 19 particularly, this
question is of particular significance when we address
questions concerning long-run economy—environment
interactions, and the problem of sustainability.

Human-made capital is sometimes referred to
as reproducible capital, identifying an important
difference between stocks of it and stocks of non-
renewable resources. The latter are not reproducible,
and their exploitation is irreversible in a way that the
use of human-made capital is not. We shall discuss
this further in the next chapter, and some arising
implications in later chapters, especially 14 and 19.

With renewable resource stocks, depletion is revers-
ible to the extent that harvesting is at rates that allow
regeneration. Some of the implications are dis-
cussed in Chapter 17. Some pollution problems may
involve irreversible effects, and the extinction of a
species of plant or animal is certainly irreversible.

Some assemblages of environmental resources
are of interest for the amenity services, recreation
and aesthetic enjoyment that they provide, as well
as for their potential use as inputs to production. A
wilderness area, for example, could be conserved as
a national park or developed for mining. Some
would also argue that there are no close substitutes
for the services of wilderness. A decision to develop
such an area would be effectively irreversible,
whereas a decision to conserve would be reversible.
We show in Chapter 13 that under plausible condi-
tions this asymmetry implies a stronger preference
for non-development than would be the case where
all decisions are reversible, and that this is strength-
ened when it is recognised that the future is not
known with certainty. Imperfect knowledge of the
future is, of course, the general condition, but it is
especially relevant to decision making about many
environmental problems, and has implications for
how we think about making such decisions.

1.4 Reader’s guide

We have already noted in which chapters various
topics are covered. Now we will briefly set out the
structure of this text, and explain the motivation for
that structure.

In Part I we deal with ‘Foundations’ of two kinds.
First, in Chapter 2, we explain why many people
think that there is a sustainability problem. We con-
sider the interdependence of the economy and the
environment, look at the current state of human
development, and at some views on future pro-
spects. Second, in the next three chapters, we work
through the conceptual basis and the analytical tools
with which economists approach environmental
problems. Chapter 3 looks at the ethical basis for
policy analysis in economics. Chapter 4 reviews
several conceptualisations of what sustainability
could be. Chapter 5 is about welfare economics and
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markets — what they achieve when they work pro-
perly, why they do not always work properly, and
what can be done about it when they do not work
properly.

Throughout the book we have put as much of the
mathematics as is possible in appendices, of which
extensive use is made. Readers who have learned
the essentials of the calculus of constrained optim-
isation will have no problems with the mathematics
used in the appendices in Part I. Appendix 3.1 pro-
vides a brief account of the mathematics of con-
strained optimisation. The arguments of Part I can
be followed without using the mathematics in the
appendices, but readers who work through them will
obtain a deeper understanding of the arguments and
their foundations.

Part IT is about ‘Environmental pollution’. It turns
out that much, but not all, of what economists have
to say about pollution problems relates to the ques-
tion of intratemporal allocative efficiency and does
not essentially involve a time dimension. The static
analysis of pollution problems is the focus of Part
II. Static, as opposed to dynamic, analysis follows
naturally from the material covered most intensively
in Chapter 5, and, subject to an exception to be noted
shortly, the mathematics used in the appendices in
Part II is of the same kind as used in the appendices
in Part 1.

Chapter 6 considers the setting of targets for pol-
lution control, and Chapter 7 looks at the analysis of
the policy instruments that could be used to meet
those targets. In these chapters it is assumed that the
government agency responsible for pollution control
has complete information about all aspects of the
pollution problem to be addressed. This is a patently
unrealistic assumption, and Chapter 8 examines the
consequences of its relaxation. The analysis in these
three chapters is partial, analysing the control of a
particular pollutant as if it were the only such prob-
lem, and as if what were done about it had no im-
plications for the rest of the economy. Chapter 9, in
contrast, takes an approach which looks at the eco-
nomy as a whole, using input—output analysis and
introducing applied general equilibrium modelling.
This chapter includes an appendix that provides a
brief review of the matrix algebra which facilitates
the understanding and application of these methods.
Part II finishes with Chapter 10, which deals with

the special issues that arise when the impacts of a
pollution problem cross the boundaries of nation
states.

Part IIT has the title ‘Project appraisal’. Its focus is
on the rationale for, and application of, the methods
and techniques that economists have developed for
evaluating whether going ahead with some discrete
investment project, or policy innovation, is in the
public interest. Of particular concern here, of course,
are projects and policies with environmental impacts.
Also, the focus is on projects and policies which
have consequences stretching out over time. Chapter
11 deals with the principles of intertemporal welfare
economics and their application in cost—benefit
analysis. Chapter 11 also looks at some alternative
methods for project appraisal that have been advoc-
ated, especially by those who have ethical objections
to the use of cost—benefit analysis where the natural
environment is involved. A necessary input to a
cost-benefit analysis of a project with effects on
the natural environment is a monetary evaluation
of those effects. The methods that economists have
devised for monetary evaluation of non-marketed
environmental services are explained in Chapter 12.
Chapter 13 looks at the implications for project
appraisal of recognition of the facts that when look-
ing at projects with environmental impacts, we are
often dealing with impacts that are irreversible, and
always considering future effects about which our
knowledge is incomplete.

In Part III the arguments and analysis are devel-
oped mainly in the context of the recreation and
amenity services that the natural environment pro-
vides, though they are, of course, also relevant to
the problem of environmental pollution, the focus of
Part II. In Part IV we turn to a focus on the issues
associated with the extraction of natural resources
from the environment for use as inputs to pro-
duction. The problems that have most interested
economists here are essentially dynamic in nature,
that is, are problems in intertemporal allocation.
In addressing these problems, economists typically
use the mathematics of ‘optimal control’. We have
minimised the explicit use of this mathematics in
the body of the text, but we do make extensive use
of it in the appendices in Part IV. For readers not
familiar with this sort of mathematics, Appendix
14.1 provides a brief account of it, treating it as an
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extension of the ideas involved in ordinary con-
strained optimisation developed in Appendix 3.1.
Chapter 14 introduces the application of the basic
ideas about intertemporal optimality and efficiency,
developed in Chapter 11, to the question of natural
resource extraction. Chapter 15 looks specifically at
the extraction of non-renewable resources, that is,
stocks of minerals and fossil fuels. The case of
renewable resources — populations of plants and ani-
mals harvested for use in production and consump-
tion — is dealt with in Chapter 17. Trees are plants
with some special characteristics, and Chapter 18

reviews the major elements of forestry economics.
Many important pollution problems have the charac-
teristic that the pollutant involved accumulates in the
environment as a stock, which may decay naturally
over time. Analysis of such pollution problems has
much in common with the analysis of natural resource
extraction, and is dealt with in Chapter 16. Fin-
ally in Part IV we return to the sustainability issue.
Chapter 19 is about modifying standard accounting
procedures so as to have economic performance
indicators reflect environmental impacts, and particu-
larly so as to measure sustainable national income.

Summary

There is not a single methodology used by all economists working on matters related to natural
resources and the environment. Ecological economists have argued the need to work towards a more
holistic discipline that would integrate natural-scientific and economic paradigms. Some ecological
economists argue further that the sustainability problem requires nothing less than a fundamental
change in social values, as well as a scientific reorientation. While some movement has been made in
the direction of interdisciplinary cooperation, most analysis is still some way from having achieved
integration. At the other end of a spectrum of methodologies are economists who see no need to go
beyond the application of neoclassical techniques to environmental problems, and stress the importance
of constructing a more complete set of quasi-market incentives to induce efficient behaviour. Such
economists would reject the idea that existing social values need to be questioned, and many have great
faith in the ability of continuing technical progress to ameliorate problems of resource scarcity and
promote sustainability. Ecological economists tend to be more sceptical about the extent to which
technical progress can overcome the problems that follow from the interdependence of economic and
environmental systems.

However, there is a lot of common ground between economists working in the area, and it is this that
we mainly focus upon in this text. Nobody who has seriously studied the issues believes that the eco-
nomy’s relationship to the natural environment can be left entirely to market forces. Hardly anybody
now argues that market-like incentives have no role to play in that relationship. In terms of policy, the
arguments are about how much governments need to do, and the relative effectiveness of different
kinds of policy instruments. Our aim in this book is to work through the economic analysis relevant to
these kinds of questions, and to provide information on the resource and environmental problems that
they arise from. We begin, in the next chapter, by discussing the general interdependence of the eco-
nomic and environmental systems, and the concerns about sustainability that this has given rise to.




An introduction to natural resource and environmental economics

15

Further reading

As all save one of the topics and issues discussed in
this chapter will be dealt with more comprehens-
ively in subsequent chapters, we shall not make any
suggestions for further reading here other than for
that one topic — the history of economics. Blaug
(1985), Economic Theory in Retrospect, is essential
reading for anybody who wants to study the history
of economic ideas in detail. For those who do not
require a comprehensive treatment, useful alternat-
ives are Barber (1967) and Heilbronner (1991).
Crocker (1999) is a short overview of the history of
environmental and resource economics, providing
references to seminal contributions.

The leading specialist journals, in order of date of
first issue, are: Land Economics, Journal of Envir-
onmental Economics and Management, Ecological
Economics, Environmental and Resource Economics,
Environment and Development Economics. The
first issue of Ecological Economics, February 1989,

contains several articles on the nature of ecological
economics. The May 2000 issue, Vol. 39, number 3,
of the Journal of Environmental Economics and
Management marks the journal’s 25th anniversary
and contains articles reviewing the major develop-
ments in environmental and resource economics
over its lifetime.

The Journal of Environmental Economics and
Management is run by the Association of Environ-
mental and Resource Economists, whose web site at
www.aere.org has useful information and links. The
equivalent European association is the European
Association of Environmental and Resource Eco-
nomists — www.vwl.unimannheim.de/conrad/eaere/
— which runs the journal Environmental and
Resource Economics. The journal Ecological Eco-
nomics is run by the International Society for Eco-

logical Economics — http://pangaea.esci.keele.ac.uk/
kudis/isee/.



CHAPTER 2
problem

The origins of the sustainability

Certainly it is a problem to sustain many billions of people, a problem for each human to
sustain himself and his/her own family. But the growth in numbers over the millennia from

a few thousands or millions of humans living at low subsistence, to billions living well above
subsistence, is a most positive assurance that the problem of sustenance has eased rather
than grown more difficult with the years. The trend in population size by itself should suggest

cheer rather than gloom.

Learning objectives

In this chapter you will

= learn how economic activity depends upon
and affects the natural environment

m be introduced to some basic material from
the environmental sciences

m learn about the proximate drivers of the
economy’s impact on the environment —
population, affluence and technology

m review the current state of human economic
development

m consider the argument that the environment
sets limits to economic growth

m learn about the emergence of the idea of
sustainable development

Introduction

We inhabit a world in which the human population
has risen dramatically over the past century and may
almost double during the next. The material de-
mands being made by the average individual have
been increasing rapidly, though many human beings
now alive are desperately poor. Since the 1950s and
1960s economic growth has been generally seen as
the solution to the problem of poverty. Without eco-

Mark Perlman, in Simon and Kahn (1984), p. 63

nomic growth, poverty alleviation involves redistribu-
tion from the better-off to the poor, which encounters
resistance from the better-off. In any case, there may
be so many poor in relation to the size of the better-
off group, that the redistributive solution to the prob-
lem of poverty is simply impossible — the cake is not
big enough to provide for all, however thinly the
slices are cut. Economic growth increases the size
of the cake. With enough of it, it may be possible
to give everybody at least a decent slice, without
having to reduce the size of the larger slices.

However, the world’s resource base is limited,
and contains a complex, and interrelated, set of
ecosystems that are currently exhibiting signs of
fragility. It is increasingly questioned whether the
global economic system can continue to grow with-
out undermining the natural systems which are its
ultimate foundation.

This set of issues we call ‘the sustainability prob-
lem’ — how to alleviate poverty in ways that do not
affect the natural environment such that future eco-
nomic prospects suffer. In this chapter we set out the
basis for the belief that such a problem exists.

This chapter is organised as follows. We first
look at the interdependence of the economy and the
environment, and give a brief overview of some
environmental science basics that are relevant to
this. In the second section the proximate drivers of
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the economy’s impact on the environment are con-
sidered. The third section of the chapter presents
data on the current state of human development in
relation to the problems of poverty and inequality.
In this section we note the attachment of economists
to economic growth as the solution to the poverty
problem. In the next section we consider limits
to growth. The chapter ends by looking at the
emergence in the 1980s of the idea of sustainable
development — growth that does not damage the
environment — and progress toward its realisation.

2.1  Economy-environment

interdependence

Economic activity takes place within, and is part of,
the system which is the earth and its atmosphere.
This system we call ‘the natural environment’, or
more briefly ‘the environment’. This system itself
has an environment, which is the rest of the uni-
verse. Figure 2.1 is a schematic representation of the
two-way relationships between, the interdependence
of, the economy and the environment.'
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Figure 2.1 Economic activity in the natural environment

1 Figure 2.1 is taken from Common (1995), where economy—

environment interdependence is discussed at greater length than
here. References to works which deal more fully, and rigorously,

with the natural science matters briefly reviewed here are provided
in the Further Reading section at the end of the chapter.
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The outer heavy black lined box represents the
environment, which is a thermodynamically closed
system, in that it exchanges energy but not matter
with its environment. The environment receives
inputs of solar radiation. Some of that radiation is
absorbed and drives environmental processes. Some
is reflected back into space. This is represented by
the arrows crossing the heavy black line at the top
of the figure. Matter does not cross the heavy black
line. The balance between energy absorption and
reflection determines the way the global climate
system functions. The energy in and out arrows are
shown passing through three boxes, which represent
three of the functions that the environment performs
in relation to economic activity. The fourth function,
represented by the heavy black lined box itself, is
the provision of the life-support services and those
services which hold the whole functioning system
together. Note that the three boxes intersect one with
another and that the heavy black line passes through
them. This is to indicate that the four functions inter-
act with one another, as discussed below.

Figure 2.1 shows economic activity located within
the environment and involving production and con-
sumption, both of which draw upon environmental
services, as shown by the solid lines inside the
heavy lined box. Not all of production is consumed.
Some of the output from production is added to the
human-made, reproducible, capital stock, the ser-
vices of which are used, together with labour ser-
vices, in production. Figure 2.1 shows production
using a third type of input, resources extracted from
the environment. Production gives rise to wastes
inserted into the environment. So does consumption.
Consumption also uses directly a flow of amenity
services from the environment to individuals with-
out the intermediation of productive activity.

We now discuss these four environmental func-
tions, and the interactions between them, in more
detail.

2.1.1 The services that the environment
provides

As noted in the previous chapter, natural resources
used in production are of several types. One distin-
guishing characteristic is whether the resource exists

as a stock or a flow. The difference lies in whether
the level of current use affects future availability. In
the case of flow resources there is no link between
current use and future availability. The prime ex-
ample of a flow resource is solar radiation — if a
roof has a solar water heater on it, the amount of
water heating done today has no implications for the
amount that can be done tomorrow. Wave and wind
power are also flow resources. Stock resources are
defined by the fact that the level of current use does
affect future availability.

Within the class of stock resources, a second
standard distinction concerns the nature of the link
between current use and future availability. Renew-
able resources are biotic populations — flora and
fauna. Non-renewable resources are minerals, in-
cluding the fossil fuels. In the former case, the stock
existing at a point in time has the potential to grow
by means of natural reproduction. If in any period
use of the resource is less than natural growth, stock
size grows. If use, or harvest, is always the same as
natural growth, the resource can be used indefinitely.
Such a harvest rate is often referred to as a ‘sustain-
able yield’. Harvest rates in excess of sustainable
yield imply declining stock size. For non-renewable
resources there is no natural reproduction, except on
geological timescales. Consequently, more use now
necessarily implies less future use.

Within the class of non-renewables the distinction
between fossil fuels and the other minerals is import-
ant. First, the use of fossil fuels is pervasive in
industrial economies, and could be said to be one of
their essential distinguishing characteristics. Second,
fossil fuel combustion is an irreversible process in
that there is no way in which the input fuel can be
even partially recovered after combustion. In so far
as coal, oil and gas are used to produce heat, rather
than as inputs to chemical processes, they cannot be
recycled. Minerals used as inputs to production can
be recycled. This means that whereas in the case of
minerals there exists the possibility of delaying, for
a given use rate, the date of exhaustion of a given
initial stock, in the case of fossil fuels there does not.
Third, fossil fuel combustion is a major source of
a number of waste emissions, especially into the
atmosphere.

Many of the activities involved in production and
consumption give rise to waste products, or residuals,
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to be discharged into the natural environment.
Indeed, as we shall see when we discuss the mater-
ials balance principle, such insertions into the envir-
onment are the necessary corollary of the extraction
of material resources from it. In economics, ques-
tions relating to the consequences of waste discharge
into the environment are generally discussed under
the heading of ‘pollution’. To the extent, and only to
the extent, that waste discharge gives rise to prob-
lems perceived by humans economists say that there
is a pollution problem. Pollution problems can be
conceptualised in two ways. One, which finds favour
with economists, sees pollution as a stock of mater-
ial resident in the natural environment. The other,
which finds favour more with ecologists, sees pollu-
tion as a flow which affects the natural environment.

In the former case, pollution is treated in the same
way as a stock resource, save that the stock has
negative value. Residual flows into the environment
add to the stock; natural decay processes subtract
from it. We will look at pollution modelled this way
in Chapter 16. The flow model treats the environ-
ment as having an ‘assimilative capacity’, defined in
terms of a rate of residual flow. Pollution is then the
result of a residual flow rate in excess of assimilative
capacity. There is no pollution if the residual flow
rate is equal to, or less than, assimilative capacity.
If the residual flow rate is persistently in excess of
assimilative capacity, the latter declines over time,
and may eventually go to zero.

In Figure 2.1 amenity services flow directly from
the environment to individuals. The biosphere pro-
vides humans with recreational facilities and other
sources of pleasure and stimulation. Swimming from
an ocean beach does not require productive activity
to transform an environmental resource into a source
of human satisfaction, for example. Wilderness
recreation is defined by the absence of other human
activity. Some people like simply lying out of doors
in sunshine. The role of the natural environment in
regard to amenity services can be appreciated by
imagining its absence, as would be the case for the
occupants of a space vehicle. In many cases the flow
to individuals of amenity services does not directly
involve any consumptive material flow. Wilderness
recreation, for example, is not primarily about
exploiting resources in the wilderness area, though
it may involve this in the use of wood for fires, the

capture of game for food and so on. A day on the
beach does not involve any consumption of the
beach in the way that the use of oil involves its con-
sumption. This is not to say that flows of amenity
services never impact physically on the natural envir-
onment. Excessive use of a beach area can lead to
changes in its character, as with the erosion of sand
dunes following vegetation loss caused by human
visitation.

The fourth environmental function, shown in Fig-
ure 2.1 as the heavy box, is difficult to represent in
a simple and concise way. Over and above serving
as resource base, waste sink and amenity base, the
biosphere currently provides the basic life-support
functions for humans. While the range of environ-
mental conditions that humans are biologically
equipped to cope with is greater than for most other
species, there are limits to the tolerable. We have,
for example, quite specific requirements in terms of
breathable air. The range of temperatures that we
can exist in is wide in relation to conditions on earth,
but narrow in relation to the range on other planets
in the solar system. Humans have minimum require-
ments for water input. And so on. The environment
functions now in such a manner that humans can
exist in it. An example will illustrate what is involved.

Consider solar radiation. It is one element of the
resource base, and for some people sunbathing is an
environmental amenity service. In fact, solar radia-
tion as it arrives at the earth’s atmosphere is harmful
to humans. There it includes the ultraviolet wave-
length UV-B, which causes skin cancer, adversely
affects the immune system, and can cause eye
cataracts. UV-B radiation affects other living things
as well. Very small organisms are likely to be par-
ticularly affected, as UV-B can only penetrate a
few layers of cells. This could be a serious problem
for marine systems, where the base of the food
chain consists of very small organisms living in the
surface layers of the ocean, which UV-B reaches.
UV-B radiation also affects photosynthesis in green
plants adversely.

Solar radiation arriving at the surface of the earth
has much less UV-B than it does arriving at the
atmosphere. Ozone in the stratosphere absorbs UV-
B, performing a life-support function by filtering
solar radiation. In the absence of stratospheric ozone,
it is questionable whether human life could exist.
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Currently, stratospheric ozone is being depleted by
the release into the atmosphere of chlorofluorocar-
bons (CFCs), compounds which exist only by virtue
of human economic activity. They have been in use
since the 1940s. Their ozone-depleting properties
were recognised in the 1980s, and, as discussed in
Chapter 10, policy to reduce this form of pollution is
now in place.

The interdependencies between economic activity
and the environment are pervasive and complex.
The complexity is increased by the existence of pro-
cesses in the environment that mean that the four
classes of environmental services each interact one
with another. In Figure 2.1 this is indicated by
having the three boxes intersect one with another,
and jointly with the heavy black line representing
the life-support function. What is involved can be
illustrated with the following example.

Consider a river estuary. It serves as resource base
for the local economy in that a commercial fishery
operates in it. It serves as waste sink in that urban
sewage is discharged into it. It serves as the source
of amenity services, being used for recreational pur-
poses such as swimming and boating. It contributes
to life-support functions in so far as it is a breeding
ground for marine species which are not commer-
cially exploited, but which play a role in the opera-
tion of the marine ecosystem. At rates of sewage
discharge equal to or below the assimilative capa-
city of the estuary, all four functions can coexist.
If, however, the rate of sewage discharge exceeds
assimilative capacity, not only does a pollution prob-
lem emerge, but the other estuarine functions are
impaired. Pollution will interfere with the repro-
ductive capacity of the commercially exploited fish
stocks, and may lead to the closure of the fishery.
This does not necessarily mean its biological extinc-
tion. The fishery may be closed on the grounds of
danger to public health. Pollution will reduce the
capacity of the estuary to support recreational activ-
ity, and in some respects, such as swimming, may
drive it to zero. Pollution will also impact on the
non-commercial marine species, and may lead to
their extinction, with implications for marine eco-
system function.

An example at the global level of the intercon-
nections between the environmental services arising
from interacting environmental processes affected

by economic activity is provided by the problem of
global climate change, which is discussed below
and, at greater length, in Chapter 10.

2.1.2 Substituting for environmental
services

One feature of Figure 2.1 remains to be considered.
We have so far discussed the solid lines. There are
also some dashed lines. These represent possibilities
of substitutions for environmental services.

Consider first recycling. This involves intercep-
tion of the waste stream prior to its reaching the nat-
ural environment, and the return of some part of it to
production. Recycling substitutes for environmental
functions in two ways. First, it reduces the demands
made upon the waste sink function. Second, it reduces
the demands made upon the resource base function,
in so far as recycled materials are substituted for
extractions from the environment.

Also shown in Figure 2.1 are four dashed lines
from the box for capital running to the three boxes
and the heavy black line representing environmental
functions. These lines are to represent possibilities
for substituting the services of reproducible capital for
environmental services. Some economists think of the
environment in terms of assets that provide flows of
services, and call the collectivity of environmental
assets ‘natural capital’. In that terminology, the dashed
lines refer to possibilities for substituting repro-
ducible capital services for natural capital services.

In relation to the waste sink function consider
again, as an example, the discharge of sewage into
a river estuary. Various levels of treatment of the
sewage prior to its discharge into the river are pos-
sible. According to the level of treatment, the demand
made upon the assimilative capacity of the estuary is
reduced for a given level of sewage. Capital in the
form of a sewage treatment plant substitutes for the
natural environmental function of waste sink to an
extent dependent on the level of treatment that the
plant provides.

An example from the field of energy conservation
illustrates the substitution of capital for resource
base functions. For a given level of human comfort,
the energy use of a house can be reduced by the
installation of insulation and control systems. These
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add to that part of the total stock of capital equip-
ment which is the house and all of its fittings, and
thus to the total capital stock. Note, however, that
the insulation and control systems are themselves
material structures, the production of which involves
extractions, including energy, from the environment.
Similar fuel-saving substitution possibilities exist in
productive activities.

Consider next some examples in the context of
amenity services. An individual who likes swim-
ming can do this in a river or lake, or from an ocean
beach, or in a manufactured swimming pool. The
experiences involved are not identical, but they are
close substitutes in some dimensions. Similarly, it
is not now necessary to actually go into a natural
environment to derive pleasure from seeing it. The
capital equipment in the entertainment industry
means that it is possible to see wild flora and fauna
without leaving an urban environment. Apparently
it is envisaged that computer technology will, via
virtual reality devices, make it possible to experi-
ence many of the sensations involved in being in a
natural environment without actually being in it.

It appears that it is in the context of the life
support function that many scientists regard the
substitution possibilities as most limited. However,
from a purely technical point of view, it is not clear
that this is the case. Artificial environments capable
of supporting human life have already been created,
and in the form of space vehicles and associated
equipment have already enabled humans to live out-
side the biosphere, albeit in small numbers and for
limited periods. It would apparently be possible, if
expensive, to create conditions capable of sustaining
human life on the moon, given some suitable energy
source. However, the quantity of human life that
could be sustained in the absence of natural life-
support functions would appear to be quite small. It
is not that those functions are absolutely irreplace-
able, but that they are irreplaceable on the scale that
they operate. A second point concerns the quality of
life. One might reasonably take the view that while
human life on an otherwise biologically dead earth is
feasible, it would not be in the least desirable.

The possibilities for substituting for the services
of natural capital have been discussed in terms of
capital equipment. Capital is accumulated when out-
put from current production is not used for current

consumption. Current production is not solely of
material structures, and reproducible capital does
not only comprise equipment — machines, buildings,
roads and so on. ‘Human capital’ is increased when
current production is used to add to the stock of
knowledge, and is what forms the basis for technical
change. However, while the accumulation of human
capital is clearly of great importance in regard to
environmental problems, in order for technical
change to impact on economic activity, it generally
requires embodiment in new equipment. Knowledge
that could reduce the demands made upon environ-
mental functions does not actually do so until it
is incorporated into equipment that substitutes for
environmental functions.

Capital for environmental service substitution is
not the only form of substitution that is relevant
to economy—environment interconnections. In Fig-
ure 2.1 flows between the economy and the environ-
ment are shown as single lines. Of course, each single
line represents what is in fact a whole range of dif-
ferent flows. With respect to each of the aggregate
flows shown in Figure 2.1, substitutions as between
components of the flow are possible and affect the
demands made upon environmental services. The
implications of any given substitution may extend
beyond the environmental function directly affected.
For example, a switch from fossil fuel use to hydro-
electric power reduces fossil fuel depletion and
waste generation in fossil fuel combustion, and also
impacts on the amenity service flow in so far as a
natural recreation area is flooded.

2.1.3 Some environmental science

We now briefly review those elements of the
environmental sciences which are most import-
ant to an understanding of the implications
of economy—environment interdependence. The
review is necessarily very selective; references
to useful supplementary reading are provided at
the end of the chapter.

2.1.3.1 Thermodynamics

Thermodynamics is the science of energy. Energy is
the potential to do work or supply heat. It is a char-
acteristic of things, rather than a thing itself. Work is
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involved when matter is changed in structure, in
physical or chemical nature, or in location. In ther-
modynamics it is necessary to be clear about the
nature of the system under consideration. An ‘open’
system is one which exchanges energy and matter
with its environment. An individual organism — a
human being for example — is an open system. A
‘closed’ system exchanges energy, but not matter,
with its environment. Planet earth and its atmo-
sphere are a closed system. An ‘isolated’ system
exchanges neither energy nor matter with its envir-
onment. Apart from the entire universe, an isolated
system is an ideal, an abstraction.

The first law of thermodynamics says that energy
can neither be created nor destroyed — it can only be
converted from one form to another. Many of those
who are concerned about the environment want to
encourage people to go in for ‘energy conservation’.
But, the first law says that there is always 100%
energy conservation whatever people do. There is
no real contradiction here, just an imprecise use of
language on the part of those seeking to promote
‘energy conservation’. What they actually want to
encourage is people doing the things that they do
now but in ways that require less heat and/or less
work, and therefore less energy conversion.

The second law of thermodynamics is also known
as ‘the entropy law’. It says that heat flows spontan-
eously from a hotter to a colder body, and that heat
cannot be transformed into work with 100% effi-
ciency. It follows that all conversions of energy from
one form to another are less than 100% efficient.
This appears to contradict the first law, but does not.
The point is that not all of the energy of some store,
such as a fossil fuel, is available for conversion.
Energy stores vary in the proportion of their energy
that is available for conversion. ‘Entropy’ is a meas-
ure of unavailable energy. All energy conversions
increase the entropy of an isolated system. All
energy conversions are irreversible, since the fact
that the conversion is less than 100% efficient means
that the work required to restore the original state is
not available in the new state. Fossil fuel combus-
tion is irreversible, and of itself implies an increase
in the entropy of the system which is the environ-
ment in which economic activity takes place. How-
ever, that environment is a closed, not an isolated,
system, and is continually receiving energy inputs

from its environment, in the form of solar radiation.
This is what makes life possible.

Thermodynamics is difficult for non-specialists
to understand. Even within physics it has a history
involving controversy, and disagreements persist,
as will be noted below. There exist some popular
myths about thermodynamics and its implications.
It is, for example, often said that entropy always
increases. This is true only for an isolated system.
Classical thermodynamics involved the study of
equilibrium systems, but the systems directly relev-
ant to economic activity are open and closed sys-
tems which are far from equilibrium. Such systems
receive energy from their environment. As noted
above, a living organism is an open system, which is
far from equilibrium. Some energy input is neces-
sary for it to maintain its structure and not become
disordered — in other words, dead.

The relevance of thermodynamics to the origins
of the problem of sustainability is clear. The eco-
nomist who did most to try to make his colleagues
aware of the laws of thermodynamics and their
implications, Nicholas Georgescu-Roegen (who
started academic life as a physicist), described the
second law as the ‘taproot of economic scarcity’
(Georgescu-Roegen, 1979). His point was, to put it
graphically, that if energy conversion processes
were 100% efficient, one lump of coal would last for
ever. Material transformations involve work, and
thus require energy. Given a fixed rate of receipt of
solar energy, there is an upper limit to the amount of
work that can be done on the basis of it. For most
of human history, human numbers and material con-
sumption levels were subject to this constraint. The
exploitation of fossil fuels removes this constraint.
The fossil fuels are accumulated past solar energy
receipts, initially transformed into living tissue, and
stored by geological processes. Given this origin,
there is necessarily a finite amount of the fossil fuels
in existence. It follows that in the absence of an
abundant substitute energy source with similar qual-
ities to the fossil fuels, such as nuclear fusion, there
would eventually be a reversion to the energetic
situation of the pre-industrial phase of human his-
tory, which involved total reliance on solar radiation
and other flow sources of energy. Of course, the
technology deployed in such a situation would be
different from that available in the pre-industrial
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phase. It is now possible, for example, to use solar
energy to generate electricity.

2.1.3.1.1 Recycling

The laws of thermodynamics are generally taken
to mean that, given enough available energy, all
transformations of matter are possible, at least in
principle. On the basis of that understanding it has
generally been further understood that, at least in
principle, complete material recycling is possible.
On this basis, given the energy, there is no necessity
that shortage of minerals constrain economic activ-
ity. Past extractions could be recovered by recycling.
It is in this sense that the second law of thermo-
dynamics is the ultimate source of scarcity. Given
available energy, there need be no scarcity of min-
erals. This is what drives the interest in nuclear
power, and especially nuclear fusion, which might
offer the prospect of a clean and effectively infinite
energy resource.

Nicholas Georgescu-Roegen, noted above as the
economist who introduced the idea of the second
law as the ultimate basis for economic scarcity, sub-
sequently attacked the view just sketched as ‘the
energetic dogma’, and insisted that ‘matter matters’
as well (Georgescu-Roegen, 1979). He argued that
even given enough energy, the complete recycling
of matter is, in principle, impossible. This has been
dubbed ‘the fourth law of thermodynamics’ and its
validity has been denied: e.g. ‘complete recycling is
physically possible if a sufficient amount of energy
is available’ (Biancardi et al., 1993). The basis for
this denial is that the fourth law would be inconsist-
ent with the second. This disagreement over what
is a very basic scientific issue is interesting for two
reasons. First, if qualified scientists can disagree
over so fundamental a point, then it is clear that
many issues relevant to sustainability involve uncer-
tainty. Secondly, both sides to this dispute would
agree, that as a practical matter, complete recycling
is impossible however much energy is available.
Thus, the statement above rebutting the fourth law is
immediately followed by: ‘The problem is that such
expenditure of energy would involve a tremendous
increase in the entropy of the environment, which
would not be sustainable for the biosphere’ (Biancardi
et al., 1993). Neither party to the dispute is suggest-

ing that policy should be determined on the basis of
an understanding that matter can actually be com-
pletely recycled.

2.1.3.2 The materials balance principle

‘The materials balance principle’ is the term that
economists tend to use to refer to the law of conser-
vation of mass, which states that matter can neither
be created nor destroyed. An early exposition of the
principle as it applies to economic activity is found
in Kneese ef al. (1970). As far as economics goes,
the most fundamental implication of the materials
balance principle is that economic activity essen-
tially involves transforming matter extracted from
the environment. Economic activity cannot, in a
material sense, create anything. It does, of course,
involve transforming material extracted from the
environment so that it is more valuable to humans.
But, another implication is that all of the material
extracted from the environment must, eventually,
be returned to it, albeit in a transformed state.
The ‘eventually’ is necessary because some of the
extracted material stays in the economy for a long
time — in buildings, roads, machinery and so on.
Figure 2.2 shows the physical relationships
implied by the materials balance principle. It
abstracts from the lags in the circular flow of matter
due to capital accumulation in the economy. It
amplifies the picture of material extractions from
and insertions into the environment provided in
Figure 2.1. Primary inputs (ores, liquids and gases)
are taken from the environment and converted into
useful products (basic fuel, food and raw materials)
by ‘environmental’ firms. These outputs become
inputs into subsequent production processes (shown
as a product flow to non-environmental firms) or to
households directly. Households also receive final
products from the non-environmental firms sector.
The materials balance principle states an identity
between the mass of materials flow from the envir-
onment (flow A) and the mass of residual material
discharge flows to the environment (flows B + C +
D). So, in terms of mass, we have A = B + C + D.
In fact several identities are implied by Figure 2.2.
Each of the four sectors shown by rectangular boxes
receives an equal mass of inputs to the mass of its
outputs. So we have the following four identities:



24

Foundations

Environment — collectively
and privately owned
sources of materials and
gases and also sinks for
same (land, air, streams,
oceans, lakes)

ores, liquids
gases

To environment

‘Environmental’ firms
(farms, mines,

To environment

fishing firms,
loggers, etc.)
Recycled
Product Product
R A A,
B+R
‘Non-environmental’ Products
firms (factories, > Households
Residuals stores, transport) E

Recycled

Residuals

Figure 2.2 A materials balance model of economy—environment interactions

Source: Adapted from Herfindahl & Kneese (1974)

The environment: A=B+ C+ D as above

Environmental firms: A=A, +A,+C

Non-environmental

firms: B+R+E=R+A+F

Households: Ay+E=D+F

Several insights can be derived from this model.
First, in a materially closed economy in which no
net stock accumulation takes place (that is, physical
assets do not change in magnitude) the mass of
residuals into the environment (B + C + D) must be
equal to the mass of fuels, foods and raw materials
extracted from the environment and oxygen taken
from the atmosphere (flow A). Secondly, the treat-

ment of residuals from economic activity does not
reduce their mass although it alters their form. Never-
theless, while waste treatment does not ‘get rid of’
residuals, waste management can be useful by trans-
forming residuals to a more benign form (or by
changing their location).

Thirdly, the extent of recycling is important. To
see how, look again at the identity B + R + E =
R+ A, + F. For any fixed magnitude of final output,
E, if the amount of recycling of household residuals,
F, can be increased, then the quantity of inputs into
final production, A;, can be decreased. This in turn
implies that less primary extraction of environmental
resources, A, need take place. So the total amount of
material throughput in the system (the magnitude A)
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can be decreased for any given level of production
and consumption if the efficiency of materials utilisa-
tion is increased through recycling processes.

2.1.3.2.1 Production function specification

In most of microeconomics, production is taken to
involve inputs of capital and labour. For the ith firm,
the production function is written as

0,=f(L;, K;) 2.1)

where Q represents output, L labour input and K
capital input. According to the materials balance
principle, this cannot be an adequate general repre-
sentation of what production involves. If Q, has
some material embodiment, then there must be some
material input to production — matter cannot be
created.

If we let R represent some natural resource
extracted from the environment, then the production
function could be written as:

0, =f(L, K;, R)) (2.2)

Production functions with these arguments are widely
used in the resource economics literature. In con-
trast, the environmental economics literature tends
to stress insertions into the environment — wastes
arising in production and consumption wastes — and
often uses a production function of the form

0. =f.(L;, K;, M,) (2.3)

where M, is the flow of waste arising from the ith
firm’s activity. Equation 2.3 may appear strange at
first sight as it treats waste flows as an input into pro-
duction. However, this is a reasonable way of pro-
ceeding given that reductions in wastes will mean
reductions in output for given levels of the other
inputs, as other inputs have to be diverted to the task
of reducing wastes.

A more general version of equation 2.3 is given by

0= f;(l‘i’ K, M;, A|:2Mi :D 2.4)

in which A denotes the ambient concentration level
of some pollutant, which depends on the total of
waste emissions across all firms. Thus, equation 2.4
recognises that ambient pollution can affect produc-
tion possibilities.

However, as it stands equation 2.4 conflicts with
the materials balance principle. Now, matter in the
form of waste is being created by economic activity
alone, which is not possible. A synthesis of resource
and environmental economics production functions
is desirable, which recognises that material inputs
(in the form of environmental resources) enter the
production function and material outputs (in the form
of waste as well as output) emanate from produc-
tion. This yields a production function such as

0= f;(l‘i’ K, R, Mi[R], A|:ZM,- :D 2.5)

Where some modelling procedure requires the use
of a production function, the use of a form such as
equation 2.5 has the attractive property of recognis-
ing that, in general, production must have a material
base, and that waste emissions necessarily arise
from that base. It is consistent, that is, with one of
the fundamental laws of nature. This production
function also includes possible feedback effects of
wastes on production, arising through the ambient
levels of pollutants. It is, however, relatively uncom-
mon for such a fully specified production function to
be used in either theoretical or empirical work in
economics. In particular cases, this could be justified
by argument that for the purpose at hand — examining
the implications of resource depletion, say — nothing
essential is lost by an incomplete specification, and
the analysis is simplified and clarified. We shall
implicitly use this argument ourselves at various
points in the remainder of the book, and work with
specialised versions of equation 2.5. However, it is
important to keep in mind that it is equation 2.5
itself that is the correct specification of a production
process that has a material output.

2.1.3.3 Ecology

Ecology is the study of the distribution and abund-
ance of plants and animals. A fundamental concept
in ecology is the ecosystem, which is an interacting
set of plant and animal populations, together with
their abiotic, i.e. non-living, environment. An eco-
system can be defined at various scales from the
small and local — a pond or field — through to the
large and global — the biosphere as a whole.
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2.1.3.3.1 Stability and resilience

Two concepts of fundamental importance in ecology
are stability and resilience. The ecologist Holling
(1973, 1986) distinguishes between stability as a
property attaching to the populations comprised by
an ecosystem, and resilience as a property of the
ecosystem. Stability is the propensity of a popula-
tion to return to some kind of equilibrium follow-
ing a disturbance. Resilience is the propensity of an
ecosystem to retain its functional and organisational
structure following a disturbance. The fact that an
ecosystem 1is resilient does not necessarily imply
that all of its component populations are stable. It is
possible for a disturbance to result in a population
disappearing from an ecosystem, while the ecosys-
tem as a whole continues to function in broadly the
same way, so exhibiting resilience.

Common and Perrings (1992) put these matters in
a slightly different way. Stability is a property that
relates to the levels of the variables in the system. Cod
populations in North Atlantic waters would be stable,
for example, if their numbers returned to prior levels
after a brief period of heavy fishing was brought to
an end. Resilience relates to the sizes of the para-
meters of the relationships determining ecosystem
structure and function in terms, say, of energy flows
through the system. An ecosystem is resilient if those
parameters tend to remain unchanged following
shocks to the system, which will mean that it main-
tains its organisation in the face of shocks to it, with-
out undergoing catastrophic, discontinuous, change.

Some economic activities appear to reduce re-
silience, so that the level of disturbance to which
the ecosystem can be subjected without parametric
change taking place is reduced. Expressed another
way, the threshold levels of some system variable,
beyond which major changes in a wider system take
place, can be reduced as a consequence of economic
behaviour. Safety margins become tightened, and
the integrity and stability of the ecosystem is put into
greater jeopardy. This aligns with the understanding,
noted above, of pollution as that which occurs when
a waste flow exceeds the assimilative capacity of the
receiving system, and that which if it occurs itself
reduces the system’s assimilative capacity.

Magnitude 4
of response
of a variable

of interest

Dose applied
per period

Figure 2.3 Non-linearities and discontinuities in dose—
response relationships

When such changes takes place, dose-response
relationships may exhibit very significant non-
linearities and discontinuities. Another way of put-
ting this is to say that dose-response relationships
may involve thresholds. Pollution of a water system,
for example, may have relatively small and propor-
tional effects at low pollution levels, but at higher
pollutant levels, responses may increase sharply
and possibly jump discontinuously to much greater
magnitudes. Such a dose-response relationship is
illustrated in Figure 2.3.

2.1.3.3.2 Biodiversity
A definition of biodiversity is:

the number, variety and variability of all living
organisms in terrestrial, marine and other aquatic
ecosystems and the ecological complexes of
which they are parts.’

It is evident from this definition that biodiversity
is intended to capture two dimensions: first, the
number of biological organisms and, secondly, their

2

2.5.2 below.

This definition is taken from the Convention on Biological Diversity adopted at the UNCED conference in Rio de Janeiro in 1992: see
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variability. There are three levels at which biodivers-
ity can be considered:

1. Population: genetic diversity within the
populations that constitute a species is important
as it affects evolutionary and adaptive potential
of the species, and so we might measure
biodiversity in terms of the number of
populations.

2. Species: we might wish to measure biodiversity
in terms of the numbers of distinct species
in particular locations, the extent to which
a species is endemic (unique to a specific
location), or in terms of the diversity (rather
than the number) of species.

3. Ecosystems: in many ways, the diversity of
ecosystems is the most important measure
of biodiversity; unfortunately, there is no
universally agreed criterion for either defining
or measuring biodiversity at this level.

For the purposes of this classification of levels, a
species can be taken to be a set of individual organ-
isms which have the capacity to reproduce, while
a population is a set that actually do reproduce. A
population is, that is, a reproductively isolated sub-
set of a species.

Biodiversity is usually considered in terms of
species, and the number of distinct species is often
used as the indicator of biodiversity. There are prob-
lems with this measure. For example, within one
population of any species there will be considerable
genetic variation. Suppose a harvesting programme
targets individuals within that population with a par-
ticular characteristic (such as large size). The target
individuals are likely to possess genetic material
favouring that characteristic, and so the harvesting
programme reduces the diversity of the gene pool in
the remaining population. Managed harvesting pro-
grammes, therefore, may result in loss of biodivers-
ity even though the number of extant species shows
no change.

Biodiversity is important in the provision of envir-
onmental services to economic activity in a number
of ways. In regard to life-support services, diverse
ecological systems facilitate environmental functions,
such as carbon cycling, soil fertility maintenance,
climate and surface temperature regulation, and
watershed flows. The diversity of flora and fauna in
ecosystems contributes to the amenity services that

we derive from the environment. In relation to inputs
to production, those flora and fauna are the source of
many useful products, particularly pharmaceuticals,
foods and fibres; the genes that they contain also con-
stitute the materials on which future developments
in biotechnology will depend. In terms of agricul-
ture, biodiversity is the basis for crop and livestock
variability and the development of new varieties.

Ecologists see the greatest long-term importance
of biodiversity in terms of ecosystem resilience and
evolutionary potential. Diverse gene pools represent
a form of insurance against ecological collapse: the
greater is the extent of diversity, the greater is the
capacity for adaptation to stresses and the mainten-
ance of the ecosystem’s organisational and func-
tional structure.

We have very poor information about the cur-
rent extent of biodiversity. The number of species
that currently exist is not known even to within an
order of magnitude. Estimates that can be found
in the literature range from 3-10 million (May,
1988) to 50—100 million (Wilson, 1992). A current
best guess of the actual number of species is 12.5
million (Groombridge, 1992). Even the currently
known number of species is subject to some dis-
pute, with a representative figure being 1.7 million
species described to date (Groombridge, 1992).
About 13 000 new species are described each year.
Table 2.1 reports current knowledge about species

Table 2.1 Numbers of described species and estimates of
actual numbers for selected taxa (thousands)

Taxa Species Estimated Estimated Working
described number of number of figure
species: species:
high low
Viruses 4 1 000 50 400
Bacteria 4 3000 50 1 000
Fungi 72 2700 200 1500
Protozoa and
algae 80 1200 210 600
Plants 270 500 300 320
Nematodes
(worms) 25 1000 100 400
Insects 950 100 000 2 000 8 000
Molluscs 70 200 100 200
Chordates 45° 55 50 50

Source: Jeffries (1997, p. 88), based in turn on Groombridge
(1992) and Heywood (1995)

* Of the 45 000 chordates (vertebrate animals), there are about
4500 mammals, 9700 birds, 4000 amphibians and 6550 reptiles
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numbers for a variety of important taxonomic
classes.

2.2 The drivers of environmental
impact

The environmental impact of economic activity can
be looked at in terms of extractions from or insertions
into the environment. In either case, for any particu-

lar instance the immediate determinants of the total
level of impact are the size of the human population
and the per capita impact. The per capita impact
depends on how much each individual consumes, and
on the technology of production. This is a very simple
but useful way to start thinking about what drives
the sizes of the economy’s impacts on the environ-
ment. It can be formalised as the IPAT identity.

Box 2.1 reports estimates of a measure of global
impact that is relevant to biodiversity and reductions
in it.

The basis for life on earth is the capture by
plants of radiant solar energy, and its conversion
to organic material by the process of
photosynthesis. The rate at which plants produce
plant tissue is primary productivity, measured
in terms of energy per unit area per unit time —
calories per square metre per year say. Gross
primary productivity is the total amount of solar
energy that is fixed by photosynthesis, whereas
net primary productivity is that less the amount
of energy lost to the environment as respiration,
and so the amount that is actually stored in the
plant tissue. Net primary productivity is the
measure of the energy that is potentially
available to the animals that eat the plants.

Table 2.2 shows estimates of the proportion of
net primary productivity that is appropriated by
humanity. About 70% of the earth’s surface is
covered by water. The aquatic zone produces
about 40% of total global net primary
productivity. The terrestrial zone, although
accounting for only 30% of the surface area,
accounts for about 60% of total primary
productivity.

For each zone, and for both zones together,
Table 2.2 shows estimates of human
appropriation on three different bases:

Table 2.2 Human appropriation of net primary
productivity

Percentages

Low Intermediate High
Terrestrial 4 31 39
Aquatic 2 2 2
Total 3 19 25

Source: Vitousek et al. (1986)

Box 2.1 Human appropriation of the products of photosynthesis

= Low — for this estimate what is counted is what
humans and their domesticated animals
directly use as food, fuel and fibre.

= Intermediate — this counts the current net
primary productivity of land modified by
humans. Thus, for example, whereas the low
estimate relates to food eaten, the intermediate
estimate is of the net primary productivity of
the agricultural land on which the food is
produced.

= High — this also counts potential net primary
productivity that is lost as a result of human
activity. Thus, with regard to agriculture, this
estimate includes what is lost as a result, for
example, of transforming forested land into
grassland pasture for domesticated animals.
It also includes losses due to desertification
and urbanisation.

For the aquatic zone, it makes no difference
which basis for estimation is used. This reflects
the fact that human exploitation of the oceans is
much less than it is of land-based ecosystems,
and that the former is still essentially in the
nature of hunter—gatherer activity rather than
agricultural activity. It also reflects that what
are reported are rounded numbers, to reflect the
fact that we are looking at — for both zones —
approximations rather than precise estimates.

For the terrestrial zone, the basis on which the
human appropriation of net primary productivity
is measured makes a lot of difference. If we look
at what humans and their domesticates actually
consume — the low basis — it is 4%. If we look at
the net primary productivity of land managed in
human interests — the intermediate basis — it is
31%. Commenting on the high terrestrial figure,
the scientists responsible for these estimates
remark:
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Box 2.1 continued

An equivalent concentration of resources into

one species and its satellites has probably not

occurred since land plants first diversified.
(Vitousek et al., 1986, p. 372)

For ecologists, this is the most fundamental
human impact on the natural environment, and
is the major driver of the current high rate of
biodiversity loss. In a speech at the Natural
History Museum on 28 November 2001, the
ecologist Lord Robert May, President of the Royal
Society and fomerly the UK government’s chief
scientist, stated that:

There is little doubt that we are standing on the
breaking tip of the sixth great wave of extinction
in the history of life on earth. It is different from
the others in that it is caused not by external
events, but by us — by the fact that we consume
somewhere between a quarter and a half of all the
plants grown last year.

(Quoted in The Guardian, 29 November 2001)

Just how fast is the stock of genetic resources
being depleted? Given that the number of species
existing is not known, statements about rates of
extinction are necessarily imprecise, and there
are disagreements about estimates. Table 2.3
shows data for known extinctions since 1600.
The actual number of extinctions would certainly
be equal to or exceed this. The recorded number
of extinctions of mammal species since 1900 is
20. It is estimated from the fossil record that the
normal, long-run average, rate of extinction for
mammals is one every two centuries. In that
case, for mammals the known current rate of
extinction is 40 times the background rate.

To quote Lord Robert May again:

If mammals and birds are typical, then the
documented extinction rate over the past century
has been running 100 to more like 1000 times
above the average background rate in the fossil
record. And if we look into the coming century
it’s going to increase. An extinction rate 1000
times above the background rate puts us in the

Table 2.3 Known extinctions up to 1995

Group Extinctions
Mammals 58
Birds 115
Molluscs 191
Other animals 120
Higher plants 517

Source: Groombridge (1992)

ballpark of the acceleration of extinction rates that
characterised the five big mass extinctions in the
fossil records, such as the thing that killed the
dinosaurs.

(The Guardian, 29 November 2001)

According to Wilson (1992) there could be a loss
of half of all extant birds and mammals within
200-500 years. For all biological species, various
predictions suggest an overall loss of between
1% and 10% of all species over the next 25
years, and between 2% and 25% of tropical
forest species (UNEP, 1995). In the longer term
it is thought that 50% of all species will be lost
over the next 70 to 700 years (Smith ef al., 1995;
May, 1988).

Lomborg (2001) disputes many of the claims
made about the severity of the impacts of man’s
economic activity on the natural environment.
He takes issue, for example, with most of the
estimates of current rates of species loss made
by biologists. His preferred estimate for the loss
of animal species is 0.7% per 50 years, which
is smaller than many of those produced by
biologists. It is, however, in Lomborg’s own
words: ‘a rate about 1500 times higher than the
natural background extinction’ (p. 255). There
really is no disagreement about the proposition
that we are experiencing a wave of mass
extinctions, and that it is due to the human
impact on the environment.

2.2.1 The IPAT identity

The IPAT identity is
I=PxXAXT (2.6)
where

I is impact, measured as mass or volume
P is population size

A is per capita affluence, measured in currency
units

T is technology, as the amount of the resource
used or waste generated per unit production

Let us look at impact in terms of mass, and use GDP
for national income. Then T is resource or waste per
unit GDP. Then for the resource extraction case, the
right-hand side of (2.6) is
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GDP y Resource use
GDP

Population x -

Population

where cancelling the two population terms and the

two GDP terms leaves Resource use, so that (2.6) is

an identity. If mass in measured in tonnes, GDP in $,
and population is n, we have

$  tonnes
tonnes =n X — X

n $
where on the right-hand side the ns and the $s can-
cel to leave tonnes.

The IPAT identity decomposes total impact into
three multiplicative components — population, afflu-
ence and technology. To illustrate the way in which
IPAT can be used, consider global carbon dioxide
emissions. The first row of Table 2.4 shows the cur-
rent situation. The first-row figures for P, A as 1999
world GDP per capita in 1999 PPP USS$, and I as
1996 global carbon dioxide emissions are taken from
the indicated sources: the figure for T is calculated
from these, dividing / by P times A to give tonnes of
carbon dioxide per $ of GDP.? The second row uses
the T figure from the first to show the implications
for I of a 50% increase in world population, for con-
stant affluence and technology. The third row also
uses the 7 figure from the first to show the implica-
tions of that increase in population together with
a doubling of per capita GDP. A 50% increase in
world population is considered because that is a con-
servative round number for the likely increase to
2100 (see below), and a doubling of per capita GDP
is used as a round-number conservative estimate of
what would be necessary to eliminate poverty (see
below). As will be discussed in Chapter 10, many
climate experts take the view that the current level of
carbon dioxide emissions is dangerously high. The
fourth row in Table 2.4 solves IPAT for T when I is
set equal to its level in the first row, and P and A are

Table 2.4 Global carbon dioxide scenarios

P A T 1
(billions)  (PPP (tonnes (billions
US$)  per$) of tonnes)
Current 5.8627 6948  0.0005862 23.881952
Px1.5 8.8005 6948  0.0005862 35.843711
P x 1.5 and
AX2 8.8005 13896  0.0005862 71.687417
P x 1.5 and
A X 2 with
I at current  8.8005 13896  0.0001952  23.881952

Sources: UNDP (2001), WRI (2000)

as in the third row — compared with the first-row
figure for 7, it shows that carbon dioxide emissions
per unit GDP would have to be reduced to one third
of their current level in order to keep total emis-
sions at their current level given a 50% population
increase and a doubling of affluence.

We now look briefly at the current situation, a
little history, and future prospects in regard to each
of P,Aand T.

2.2.2 Population

Past, current and estimated future levels of human
population are shown in Figure 2.4. At the time that
this chapter was being written, early 2002, the most
recent year for which data on global population size
was available was 1999. In that year the estimated
human population was 5.8627 billion. The estim-
ated growth rate for 1975-1999 was 1.6% per year.
Applying this to the figure for 1999 gives 5.9565 bil-
lion for 2000. The appropriate way to state the size
of the human population in 2000 is as 6 billion. The
staggering increase in human population in the sec-
ond half of the twentieth century can be gauged by
the fact that in 1950 world population was less than
half that size, 2.5 billion. United Nations Population

2 PPP stands for purchasing power parity. In making international

GDP comparisons, and aggregating GDP across countries, using
market exchange rates overlooks the fact that average price levels
differ across countries, and are generally lower in poor countries.
Using market exchange rates exaggerates differences in real
income levels. Purchasing Power Parity exchange rates, relative to
the US$, are calculated by the International Comparison Pro-
gramme in order to overcome this problem, and PPP US$ GDP data
convert local-currency GDP at these exchange rates: see UN

Statistical Division (1992). The difference between the market
exchange-rate GDP figure and the PPP exchange-rate figure can be
large — for China in 1999, for example, the latter was more than
four times the former. Whereas on the former basis the US eco-
nomy was nine times as big as the Chinese economy, on the latter
basis it was twice as big. In terms of carbon dioxide emissions per
unit GDP, on the market exchange-rate measure of GDP the Chinese
figure for T is more than five times that for the US; on the PPP
exchange-rate basis of GDP measurement it was just 25% bigger.
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Figure 2.4 Trends and projections in world population
growth, 1750-2150
Source: Figure 8.1, World Resources 1996-97

Division forecasts suggest that the world population
will grow to about 8.3 billion by the year 2025,
reaching 10.4 billion by 2100, before stabilising at
just under 11 billion by around 2200. These fore-
casts are dependent on an assumption of ‘average’
levels of the fertility rate being maintained (slightly
above two children per woman, the population
replacement ratio).

As shown by the documents on which Figure 2.4
is based, population outcomes are very sensitive to
trends in the fertility rate. This is illustrated in
Figure 2.5. Under baseline assumptions about fertil-
ity rates, world population stabilises by 2200 at a
level roughly twice its 1990 size. However, under
high rates of fertility (an additional half child per
woman compared with the ‘average’ case), no such
plateau is reached, with population rising at an
increasing rate to 30 billion and beyond. But under
low-fertility-rate assumptions (one half child less
per woman relative to the average case) an end to
population growth is in sight: population would
peak at just under 8 billion by 2050, and would
fall rapidly thereafter. As discussed below, policies
aimed at reducing fertility rates can be designed and
they offer the prospect of eliminating overpopula-
tion as a contribution to the sustainability problem.
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Figure 2.5 Long-range population projections using
alternative fertility rate assumptions
Source: Derived from World Resources 1996-97

In fact, the percentage rate of increase of global
population is already well below its historical peak,
having decreased in recent years in all regions of
the world. Growth rates are currently less than
0.5% per year in developed countries and just over
2% in developing countries. Several countries now
have falling populations (for example, Germany,
Austria, Denmark and Sweden), and many others
are expected to move into this category in the near
future. In many countries (including all industri-
alised countries and China), fertility rates are below
the replacement rates that are required for a popula-
tion size to be stationary in the long run. For these
countries, population is destined to fall at some point
in the future even though the momentum of popula-
tion dynamics implies that population will continue
to rise for some time to come. For example, although
the Chinese birth-rate fell below the replacement
rate in 1992, population is committed to rise from
1.2 billion in 1995 to 2 billion by 2050, and sub-
sequently increase further. However, if the fertility
rate were to fall slightly, the population could peak
at 1.5 billion in 2050, and then decline. Once again,
we see that very small changes in fertility rates can
have major effects upon the level to which popula-
tion eventually grows.

4 The figures for world population in 1999 and its growth rate for 1975-1999 are taken from UNDP (2001). The other data and estim-

ates here come from UNPD (1998).



32

Foundations

2.2.3 Affluence

As shown in Table 2.4, the 1999 world average for
GDP per capita, in round numbers of 1999 PPP USS$,
was 7000. To get some sense of what this means,
note the following figures (also from UNDP, 2001)
for 1999 GDP per capita in 1999 PPP USS$ for a few
selected individual nations:

USA 31872
Germany 23742
UK 22 093
Portugal 16 064
Czech Republic 13 018
Hungary 11430
China 3617
India 2248
Sierra Leone 448

The world average is about twice that for China, and
about 20% of that for the USA.

Over the period 1975 to 1999, world average
GDP per capita grew at 1.3% per annum. At that rate
of growth, over 50 years the level of world average
GDP would just about double, taking it to about the
current level for the Czech Republic. A longer-term
perspective is provided in Maddison (1995), where
per capita GDP, in 1990 PPP $s, is estimated for
57 countries from 1820 through to 1992. For this
sample of countries, which currently account for
over 90% of world population, mean estimated per
capita GDP grew from about $1000 in 1820 to
about $8500 in 1992. Notwithstanding the necessary
imprecision in estimates of this kind, it is clear that
over the last two centuries, average global affluence
has increased hugely. It is also clear that it is cur-
rently distributed very unevenly — a matter to which
we return below.

2.2.4 Technology

Given the range of things that we extract from
and insert into the environment, even a summary
documentation of values for T as mass extracted, or
inserted, per $ of economic activity would be very
long, and well beyond the scope of this book. One
way of giving some summary sense of the role of
technology in environmental impact is to look at

energy use. There are three reasons for this. First,
energy is the potential to do work and energy use
increases with work done. Moving and transform-
ing matter requires work, and the amount of energy
used directly reflects the amount of movement and
transformation. It is the levels of extractions and
insertions by the economy that determine its envir-
onmental impact, and those levels, which are linked
by the law of conservation of mass, are measured by
the level of energy use. While it is true that some
extractions and insertions are more damaging than
others, the level of its energy use is a good first
approximation to the level of an economy’s environ-
mental impact.

The second and third reasons both follow from
the fact that in the modern industrial economies
that now dominate the global economy, about 90%
of energy use is based on the combustion of the
fossil fuels — coal, oil, gas. These are non-renewable
resources where recycling is impossible. Hence the
second reason for looking at energy — the more we
use now, the less fossil fuel resources are available
to future generations. The third reason is that fossil
fuel combustion is directly a major source of inser-
tions into the environment, and especially the atmo-
sphere. Particularly, about 80% of carbon dioxide
emissions originate in fossil fuel combustion, and
carbon dioxide is the most important of the green-
house gases involved in the enhanced greenhouse
effect.

The energy that an animal acquires in its food,
and which is converted into work, growth and heat,
is called somatic energy. When the human animal
learned how to control fire, about 500 000 years ago,
it began the exploitation of extrasomatic energy. It
began, that is, to be able to exert more power than
was available from its own muscles. The human
energy equivalent, HEE, is a unit of measure which
is the amount of somatic energy required by a human
individual. This amount varies across individuals
and with circumstances. A convenient amount to use
for the HEE is 10 megajoules per day, which is a
round-number version of what is required by an
adult leading a moderately active life in favourable
climatic conditions.

Human history can be divided into three main
phases, the distinguishing characteristics of which are
technological. The first two phases are distinguished
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according to the technology for food production.
The first is the hunter—gatherer phase, which lasted
from the beginning of human history until about
12 000 years ago — it accounts for most of human
history. During this phase food production involved
gathering wild plants and hunting wild animals. It
is estimated that the use of fire by an individual
in hunter—gatherer societies was, on average and
approximately, equivalent to the use of 1 HEE — per
capita the use of fire was about equivalent to the
amount of energy flowing through a human body.
The total per capita use of energy was, that is, about
2 HEE

The agricultural phase of human history lasted
about 12 000 years, and ended about 200 years ago.
Agriculture involves producing food by domesticat-
ing some plant and animal species, and managing
the environment so as to favour those species as
against wild species. The technology of energy use
was evolving throughout the agricultural phase of
history. By its end the average human being was
deploying some 3—4 HEE, so that in addition to her
own muscle power she was using extrasomatic
energy at the rate of 2-3 HEE. In addition to fire,
almost entirely based on biomass (mainly wood)
combustion, the sources of extrasomatic energy
were animal muscles, the wind, and water. Animals
— horses, oxen, donkeys — were used mainly for
motive power in transport and agriculture. The wind
was used to propel boats, to drive pumps for lifting
water, and to drive mills for grinding corn. Water
mills were also used for grinding corn, as well as
powering early machinery for producing textiles and
the like.

Comparing the situation at the end of the agri-
cultural phase of human history with that of the
hunter—gatherer phase, the per capita use of energy
had approximately doubled, and the population size
had increased by a factor of about 200, so that total
energy use by humans had increased by a factor of
about 400.

The industrial phase of human history began
about 200 years ago, around 1800. Its distinguishing
characteristic has been the systematic and pervasive

use of the fossil fuels. In the first instance this was
mainly about the use of coal in manufacturing, and
then in transport. In the twentieth century oil use
became much more important, as did the use of it,
as well as coal, to produce electricity. In the twen-
tieth century, the use of fossil fuels and electricity
became standard, in the more advanced economies,
in the domestic household sector, and in agricultural
production. In a modern economy, nothing is pro-
duced that does not involve the use of extrasomatic
energy, and most of what is used is based on fossil
fuel combustion.

By 1900 the average human used about 14 extra-
somatic HEE. By the end of the twentieth century
the average human used about 19 extrasomatic HEE
— the equivalent of 19 human slaves. This global
average for 1997 comes from a wide range for
individual nations. In 1997, per capita extrasomatic
energy use in the USA was 93 HEE, while in
Bangladesh it was 4 (mainly from biomass). Com-
paring the situation at the end of the twentieth
century with that at the end of the eighteenth, the
human population had increased in size by a factor
of approximately 6, while extrasomatic energy use
per capita had also increased by a factor of approx-
imately 6. In 200 years total global extrasomatic
energy use had increased by a factor of about 35.
As noted above, this implies that the work done
in moving and transforming matter — the scale of
economic activity and its impact on the environment
— had increased by a factor of 35.

2.2.5 Behavioural relationships

IPAT is an accounting identity. Given the way that
P, A and T are defined and measured, it must always
be the case that [ is equal to PAT. As we saw, IPAT
can be useful for figuring the implications of certain
assumptions, for producing scenarios. In Table 2.4
we used it, for example, to calculate / on the
assumption that P increased by 50%, A increased
by 100%, and T remained the same. P, A and T are
the proximate drivers of /. But we could ask, what

5 The estimates for HEE for hunter-gatherers, agriculturalists and 1900 are taken from Boyden (1987). The figures for 1997 are from

WRI (2000).
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drives P, A and T? Apart from being an interesting
question, this is important if we want to consider
policies to drive some [, such as carbon dioxide
emissions for example, in a particular direction. We
could, that is, look to build a model which incorp-
orates the behavioural relationships that we think
determine what happens to P, A and 7, and other
variables, over time. In such a model we would very
likely have relationships between P, A and T, as well
as between them and other variables.

There are many behavioural relationships that
affect, and are affected by, movements in P, A and
T. Economists are particularly interested, for ex-
ample, in supply and demand functions for inputs to
production. These determine the relative prices of
those inputs, and hence affect 7 — a high price for
fossil fuels will reduce their use, and hence reduce
carbon dioxide emissions. Much of the rest of the
book will be concerned with the role of the price
mechanism in relation to the determination of the
level of extractions from and insertions into the
natural environment. Here we will look at two
examples of behavioural relationships where afflu-
ence is the driver.

2.2.5.1 Affluence and population growth:
the demographic transition

A statistical relationship that is often remarked upon
is the negative correlation between income level and
population growth rate. Several attempts have been
made to explain this observed relationship, the most
well-known of which is the theory of demographic
transition (Todaro, 1989). The theory postulates four
stages through which population dynamics progress,
shown in Figure 2.6. In the first stage, populations
are characterised by high birth-rates and high death-
rates. In some cases, the death-rates reflect inten-
tions to keep populations stable, and so include
infanticide, infant neglect and senilicide (see Harris
and Ross, 1987). In the second stage, rising real
incomes result in improved nutrition and develop-
ments in public health which lead to declines in
death-rates and rapidly rising population levels. In
the third stage of the demographic transition, eco-
nomic forces lead to reduced fertility rates. These
forces include increasing costs of childbearing and
family care, reduced benefits of large family size,

Annual &
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1
Stage  Stage Stage Stage
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Figure 2.6 The theory of demographic transition

higher opportunity costs of employment in the home,
and changes in the economic roles and status of
women. In the final stage, economies with relatively
high income per person will be characterised by low,
and approximately equal, birth- and death-rates, and
so stable population sizes.

The theory of demographic transition succeeds in
describing the observed population dynamics of many
developed countries quite well. If the theory were of
general applicability, it would lead to the conclu-
sions that rising population is a transient episode,
and that programmes which increase rates of income
growth in developing countries would lower the time
profile of world population levels. But it remains
unclear whether the theory does have general applic-
ability. For many developing countries the second
stage was reached not as a consequence of rising
real income but rather as a consequence of know-
ledge and technological transfer. In particular, public
health measures and disease control techniques were
introduced from overseas at a very rapid rate. The
adoption of such measures was compressed into a
far shorter period of time than had occurred in the
early industrialising countries, and mortality rates fell
at unprecedented speed. During the nineteenth cen-
tury, the higher-income countries typically experi-
enced falls in birth-rates relatively soon after falls in
mortality rates. However, while birth-rates are falling
in most developing countries, these falls are lagging
behind drops in the mortality levels, challenging the
relevance of the theory of demographic transition.
Dasgupta (1992) argues that the accompanying popu-
lation explosions created the potential for a vicious
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Figure 2.7 The microeconomics of fertility

cycle of poverty, in which the resources required for
economic development (and so for a movement to
the third stage of the demographic transition) were
crowded out by rapid population expansion.

Two important determinants of the rate at which a
population changes over time are the number of chil-
dren born to each female of reproductive age, and
the life expectancy of each child. There have been
dramatic increases in life expectancy throughout the
world, attributed to improved medical and public
health services. The number of children born into
each household is primarily the outcome of a choice
made by (potential) parents. Family size is the
choice-variable; contraceptive and other family plan-
ning practices are the means by which that choice is
effected. Microeconomic theory suggests that the
marginal costs and the marginal benefits of children
within the family (see Figure 2.7) determine family
size. The marginal costs of children depend on the
costs of childbearing, child rearing and education,
including the opportunity costs of parental time in
these activities. Marginal benefits of children to the
family include the psychic benefits of children,
the contribution of children to family income, and
the extent to which old age security is enhanced by
larger family size.

An important advantage of this line of analysis is
that it offers the prospect of deriving guidelines for

population policy: attempts to alter desired family
size should operate by shifting the marginal cost of
bearing and raising children, or the marginal benefits
derived from children within the family. What meas-
ures might governments take, or what intermediate
goals might they pursue, to reduce the desired family
size? Several suggest themselves:

» Increased levels of education, particularly
education of women. This could affect fertility
through three related routes. First, education
enhances the effectiveness of family planning
programmes: families become more proficient at
having the number of children that they choose.
Secondly, greater participation in education
increases the status of women: it is now widely
agreed that where females have low-status roles
in the culture of a society, fertility rates are
likely to be high. Thirdly, greater education
decreases labour-market sex discrimination,
allows females to earn market incomes, and
raises real wage rates in the labour market.
These changes increase the opportunity cost of
children, and may well also reduce the marginal
benefits of children (for example, by salaried
workers being able to provide for old age
through pension schemes).

= Financial incentives can be used to influence
desired family size. Financial penalties may be
imposed upon families with large numbers of
children. Alternatively, where the existing fiscal
and welfare state provisions create financial
compensation for families with children, those
compensations could be reduced or restructured.
There are many avenues through which such
incentives can operate, including systems of tax
allowances and child benefits, subsidised food,
and the costs of access to health and educational
facilities. There may well be serious conflicts
with equity if financial incentives to small family
size are pushed very far, but the experiences of
China suggest that if government is determined,
and can obtain sufficient political support,
financial arrangements that increase the marginal
cost of children or reduce the marginal benefits
of children can be very powerful instruments.

» Provision of care for and financial support of the
elderly, financed by taxation on younger groups



36

Foundations

in the population. If the perceived marginal
benefits of children to parents in old age were to
be reduced (by being substituted for in this case),
the desired number of children per family would
fall. As the tax instrument merely redistributes
income, its effect on welfare can be neutral. But
by reducing the private marginal benefits of
children it can succeed (at little or no social

cost) in reducing desired family size.

» The most powerful means of reducing desired
family size is almost certainly economic
development, including the replacement of
subsistence agriculture by modern farming
practices, giving farm workers the chance of
earning labour market incomes. There may, of
course, be significant cultural losses involved in
such transition processes, and these should be
weighed against any benefits that agricultural
and economic development brings. Nevertheless,
to the extent that subsistence and non-market
farming dominates an economy’s agricultural
sector, there will be powerful incentives for large
family size. Additional children are valuable
assets to the family, ensuring that the perceived
marginal benefits of children are relatively high.
Furthermore, market incomes are not being lost,
so the marginal cost of child-rearing labour time
is low. Important steps in the direction of
creating markets for labour (and reducing desired
family size) can be taken by defining property
rights more clearly, giving communities greater
control over the use of local resources, and
creating financial incentives to manage and
market resources in a sustainable way.

2.2.5.2 Affluence and technology: the EKC

The World Development Report 1992 (World Bank,
1992) was subtitled ‘Development and the environ-
ment’. It noted that ‘The view that greater economic
activity inevitably hurts the environment is based
on static assumptions about technology, tastes and
environmental investments’. If we consider, for
example, the per capita emissions, e, of some pollut-
ant into the environment, and per capita income, y,
then the view that is being referred to can be repres-
ented as

e=0qy 2.7
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Figure 2.8 Environmental impact and income
Source: Adapted from Common (1996)

so that e increases linearly with y, as shown in
Figure 2.8(a). Suppose, alternatively, that the coeffi-
cient o is itself a linear function of y:

o=B,- By (2.8)

Then, substituting Equation 2.8 into Equation 2.7
gives the relationship between e and y as:

e =By~ B]yz 2.9

For [, sufficiently small in relation to [,, the e/y
relationship takes the form of an inverted U, as
shown in Figure 2.8(b). With this form of relation-
ship, economic growth means higher emissions per
capita until per capita income reaches the turning
point, and thereafter actually reduces emissions per
capita.

It has been hypothesised that a relationship like
that shown in Figure 2.8(b) holds for many forms
of environmental degradation. Such a relationship
is called an ‘environmental Kuznets curve’ (EKC)
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after Kuznets (1955), who hypothesised an inverted
U for the relationship between a measure of inequal-
ity in the distribution of income and the level of
income. If the EKC hypothesis held generally, it
would imply that instead of being a threat to the
environment as is often argued (see the discussion of
The Limits to Growth below), economic growth is
the means to environmental improvement. That is,
as countries develop economically, moving from
lower to higher levels of per capita income, overall
levels of environmental degradation will eventually
fall.

The argument for an EKC hypothesis has been
succinctly put as follows:

At low levels of development both the quantity
and intensity of environmental degradation is limited
to the impacts of subsistence economic activity
on the resource base and to limited quantities of
biodegradable wastes. As economic development
accelerates with the intensification of agriculture
and other resource extraction and the takeoff of
industrialisation, the rates of resource depletion begin
to exceed the rates of resource regeneration, and waste
generation increases in quantity and toxicity. At higher
levels of development, structural change towards
information-intensive industries and services, coupled
with increased environmental awareness, enforcement
of environmental regulations, better technology and
higher environmental expenditures, result in levelling
off and gradual decline of environmental degradation.
Panayotou (1993)

Clearly, the empirical status of the EKC hypo-
thesis is a matter of great importance. If economic
growth is actually and generally good for the envir-
onment, then it would seem that there is no need to
curtail growth in the world economy in order to pro-
tect the global environment. In recent years there
have been a number of studies using econometric
techniques to test the EKC hypothesis against the
data. Some of the results arising are discussed
below. According to one economist, the results sup-
port the conclusion that

there is clear evidence that, although economic

growth usually leads to environmental degradation

in the early stages of the process, in the end the best

— and probably the only — way to attain a decent

environment in most countries is to become rich.
Beckerman (1992)

Assessing the validity of this conclusion involves
two questions. First, are the data generally consist-
ent with the EKC hypothesis? Second, if the EKC
hypothesis holds, does the implication that growth is
good for the global environment follow? We now
consider each of these questions.

2.2.5.2.1 Evidence on the EKC hypothesis

In one of the earliest empirical studies, Shafik and
Bandyopadhyay (1992) estimated the coefficients
of relationships between environmental degradation
and per capita income for ten different environ-
mental indicators as part of a background study for
the World Development Report 1992 (IBRD, 1992).
The indicators are lack of clean water, lack of urban
sanitation, ambient levels of suspended particulate
matter in urban areas, urban concentrations of sul-
phur dioxide, change in forest area between 1961
and 1986, the annual rate of deforestation between
1961 and 1986, dissolved oxygen in rivers, faecal
coliforms in rivers, municipal waste per capita, and
carbon dioxide emissions per capita. Some of their
results, in terms of the relationship fitted to the raw
data, are shown in Figure 2.9. Lack of clean water
and lack of urban sanitation were found to decline
uniformly with increasing income. The two meas-
ures of deforestation were found not to depend on
income. River quality tends to worsen with increas-
ing income. As shown in Figure 2.9, two of the air
pollutants were found to conform to the EKC hypo-
thesis. Note, however, that CO, emissions, a major
contributor to the ‘greenhouse gases’ to be discussed
in relation to global climate change in Chapter 10,
do not fit the EKC hypothesis, rising continuously
with income, as do municipal wastes. Shafik and
Bandyopadhyay summarise the implications of their
results by stating:

It is possible to ‘grow out of” some environmental
problems, but there is nothing automatic about
doing so. Action tends to be taken where there are
generalised local costs and substantial private and
social benefits.

Panayotou (1993) investigated the EKC hypothe-
sis for: sulphur dioxide (SO,), nitrogen oxide (NO,)
suspended particulate matter (SPM) and deforesta-
tion. The three pollutants are measured in terms of
emissions per capita on a national basis. Deforestation



Foundations

Urban concentrations
of particulate matter

1800 =
e \\
= \\
gf 1200 - \\
o
;Dg 600 - N
o N
L3 ~
23 0 1 S~y
100 1000 10 000 100 000
Per capita income (dollars, log scale)
Municipal wastes per capita
600 -
g 400 -
S
o0
ke)
< 200 [
0 | |
100 1000 10 000 100 000

Per capita income (dollars, log scale)

Urban concentrations
of sulphur dioxide

Micrograms per
cubic metre of air

0 1 1
100 1000 10 000 100 000
Per capita income (dollars, log scale)
Carbon dioxide
emissions per capita
50
40
2 30 -
2
20
10
0 ] 1
100 1000 10 000 100 000

Per capita income (dollars, log scale)

Figure 2.9 Some evidence on the EKC. Estimates are based on cross-country regression analysis of data from the 1980s

Source: Adapted from IBRD (1992)
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Figure 2.10 An EKC for SO,
Source: Adapted from Panayotou (1993)

is measured as the mean annual rate of deforestation
in the mid-1980s. All the fitted relationships are
inverted Us, consistent with the EKC hypothesis.
The result for SO, is shown in Figure 2.10, where
the turning point is around $3000 per capita.

There is now an extensive literature investigating
the empirical status of the EKC hypothesis. The
Further Reading section at the end of the chapter
provides points of entry to this literature, and the

key references. Some economists take the results in
the literature as supporting the EKC for local and
regional impacts, such as sulphur for example, but
not for global impacts, such as carbon dioxide for
example. However, Stern and Common (2001) pre-
sent results that are not consistent with the existence
of an EKC for sulphur. The EKC hypothesis may
hold for some environmental impacts, but it does not
hold for all.

2.2.5.2.2 Implications of the EKC

If the EKC hypothesis were confirmed, what would
it mean? Relationships such as that shown in Figure
2.10 might lead one to believe that, given likely future
levels of income per capita, the global environmental
impact concerned would decline in the medium-term
future. In Figure 2.10 the turning point is near world
mean income. In fact, because of the highly skewed
distribution for per capita incomes, with many more
countries — including some with very large popula-
tions — below rather than above the mean, this may
not be what such a relationship implies.

This is explored by Stern et al. (1996), who also
critically review the literature on the existence of
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meaningful EKC relationships. Stern et al. use the
projections of world economic growth and world
population growth published in the World Develop-
ment Report 1992 (IBRD, 1992), together with
Panayotou’s EKC estimates for deforestation and
SO, emissions, to produce global projections of
these variables for the period 1990-2025. These are
important cases from a sustainable development per-
spective. SO, emissions are a factor in the acid rain
problem: deforestation, especially in the tropics, is
considered a major source of biodiversity loss. Stern
et al. projected population and economic growth for
every country in the world with a population greater
than 1 million in 1990. The aggregated projections
give world population growing from 5265 million in
1990 to 8322 million in 2025, and mean world per
capita income rising from $3957 in 1990 to $7127
in 2025. They then forecast deforestation and SO,
emissions for each country individually using the
coefficients estimated by Panayotou. These forecasts
were aggregated to give global projections for forest
cover and SO, emissions. Notwithstanding the EKC
relationship shown in Figure 2.10, total global SO,
emissions rise from 383 million tonnes in 1990 to
1181 million tonnes in 2025; emissions of SO, per
capita rise from 73 kg to 142 kg from 1990 to 2025.
Forest cover declines from 40.4 million km?* in 1990
to a minimum of 37.2 million km? in 2016, and then
increases to 37.6 million km? in 2025. Biodiversity
loss on account of deforestation is an irreversible
environmental impact, except on evolutionary time-
scales, so that even in this case the implications of
the fitted EKC are not reassuring.

Generally, the work of Stern et al. shows that the
answer to the second question is that even if the data
appear to confirm that the EKC fits the experience of
individual countries, it does not follow that further
growth is good for the global environment. Arrow
et al. (1995) reach a similar position on the relev-
ance of the EKC hypothesis for policy in relation to
sustainability. They note that

The general proposition that economic growth is good
for the environment has been justified by the claim
that there exists an empirical relation between per
capita income and some measures of environmental
quality.

They then note that the EKC relationship has been
‘shown to apply to a selected set of pollutants only’,
but that some economists ‘have conjectured that the
curve applies to environmental quality generally’.
Arrow et al. conclude that

Economic growth is not a panacea for environmental
quality; indeed it is not even the main issue

and that

policies that promote gross national product growth
are not substitutes for environmental policy.

In Box 2.2 we report some simulation results that
indicate that even if an EKC relationship between
income and environmental impact is generally applic-
able, given continuing exponential income growth,
it is only in very special circumstances that there
will not, in the long run, be a positive relationship
between income and environmental impact.

The environmental Kuznets curve (EKC) implies
that the magnitude of environmental impacts of
economic activity will fall as income rises above
some threshold level, when both these variables
are measured in per capita terms. Here we
assume for the sake of argument that the EKC
hypothesis is correct. Common (1995) examines
the implications of the EKC hypothesis for the
long-run relationship between environmental
impact and income. To do this he examines two
special cases of the EKC, shown in Figure 2.11.

Box 2.2 The environmental Kuznets curve and environmental impacts in the very long run

In case a environmental impacts per unit of
income eventually fall to zero as the level

of income rises. Case b is characterised by
environmental impacts per unit income falling
to some minimum level, k, at a high level of
income, and thereafter remaining constant at
that level as income continues to increase. Both
of these cases embody the basic principle of
the EKC, the only difference being whether
environmental impacts per unit income fall

to zero or just to some (low) minimum level.
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Figure 2.11 Two possible shapes of the environmental
Kuznets curve in the very long run
Source: Adapted from Common (1995)

Suppose that the world consists of two
countries that we call ‘developed’ and
‘developing’ which are growing at the same
constant rate of growth, g. However, the growth
process began at an earlier date in the developed
country and so at any point in time its per capita
income level is higher than in the developing
country. Common investigates what would
happen in the long run if case a, the highly
optimistic version of the EKC, is true. He
demonstrates that the time path of environmental
impacts one would observe would be similar to
that shown in the upper part of Figure 2.12. Why
should there be a dip in the central part of the
curve? For some period of time, income levels in
the two countries will be such that the developed
country is on the downward-sloping portion of
its EKC while the developing country is still on
the upward-sloping part of its EKC. However, as
time passes and growth continues, both countries
will be at income levels where the EKC curves
have a negative slope; together with the
assumption in case a that impacts per unit
income fall to zero, this implies that the total
level of impacts will itself converge to zero as
time becomes increasingly large.

But now consider case b. No matter how large
income becomes the ratio of environmental
impacts to income can never fall below some
fixed level, k. Of course, k may be large or small,
but this is not critical to the argument at this
point; what matters is that k is some constant
positive number. As time passes, and both
countries reach high income levels, the average
of the impacts-to-income ratio for the two
countries must converge on that constant value,
k. However, since we are assuming that each
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Figure 2.12 Two scenarios for the time profile of
environmental impacts
Source: Adapted from Common (1995)

country is growing at a fixed rate, g, the total
level of impacts (as opposed to impacts per unit
income) must itself eventually be increasing over
time at the rate g. This is shown in the lower part
of Figure 2.12.

What is interesting about this story is that we
obtain two paths over time of environmental
impacts which are entirely different from one
another in qualitative terms for very small
differences in initial assumptions. In case a, k is
in effect zero, whereas in case b, k is greater than
zero. Even if environmental impacts per unit of
income eventually fell to a tiny level, the total
level of impacts would eventually grow in line
with income.

Which of these two possibilities — case a or
case b — is the more plausible? Common argues
that the laws of thermodynamics imply that k
must be greater than zero. If so, the very-long-run
relationship between total environmental
impacts and the level of world income would be
of the linear form shown (for per capita income)
in panel a of Figure 2.8. The inference from the
inverted U shape of the EKC that growth will
reduce environmental damage in the very long
run would be incorrect.
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2.3 Poverty and inequality

Each year the United Nations Development Pro-
gramme (UNDP) produces a Human Development
Report, which draws on reports and data collections
from a wide range of United Nations and other inter-
national agencies, and is the most useful single
source of data and analysis on the current global
state of humanity. This section draws heavily on
these reports, and especially that for 2001 (UNDP,
2001) from which the following quotation is taken:

Human development challenges remain large in

the new millennium . . . Across the world we see
unacceptable levels of deprivation in people’s lives.
Of the 4.6 billion people in developing countries, more
than 850 million are illiterate, nearly a billion lack
access to improved water sources, and 2.4 billion lack
access to basic sanitation. Nearly 325 million boys
and girls are out of school. And 11 million children
under age five die each year from preventable causes
— equivalent to more than 30 000 a day. Around 1.2
billion people live on less than $1 a day (1993 PPP
US$), and 2.8 billion live on less than $2 a day.

In its report for 1998 (UNDP, 1998), the UNDP
had additionally noted that of the population of
the developing nations: 1.1 billion lacked adequate
housing; 0.9 billion were undernourished; 0.9 billion
had no access to modern health services.

Against this background, the report for 2001 com-
ments that:

The magnitude of these challenges appears daunting.
Yet too few people recognize that the impressive
gains in the developing world in the last 30 years
demonstrate the possibility of eradicating poverty. A
child born today can expect to live eight years longer
than one born 30 years ago. Many more people can
read and write, with the adult literacy rate having
increased from an estimated 47% in 1970 to 73% in
1999. The share of rural families with access to safe
water has grown more than fivefold. Many more
people can enjoy a decent standard of living, with
average incomes in developing countries having
almost doubled in real terms between 1975 and 1998,
from $1300 to $2500 (1985 PPP USS$).

We now examine the current situation and recent
trends in a little more detail. For a fuller version of
what is a complex story, the reader should consult
the Human Development Report 2001 (UNDP,
2001) and other references provided in the Further
Reading section at the end of the chapter.

2.3.1 The current state of human
development

Table 2.5 gives data on a number of indicators taken
from recent issues of the Human Development
Report. The data cover 162 nations. There are 29
members of the UN that are not included in these
data on the grounds that reliable information for
them is not available. The excluded nations have an
aggregate population of about 100 million out of a

Table 2.5 International comparisons at the end of the twentieth century

Life expectancy® Infant mortality® Calories per day® GDP per capita* Electricity per capita®
World 66.7 56 2791 6980 2074
OECD 76.6 13 3380 22 020 6969
USA 76.8 7 3699 31872 11832
Turkey 69.5 40 3525 6380 1353
EE and CIS 68.5 25 2907 6290 2893
Hungary 71.1 9 3313 11430 2 888
Uzbekistan 68.7 45 2433 2251 1618
Developing 64.5 61 2663 3530 757
Least developed 51.7 100 2099 1170 76
Sub-Saharan 48.8 107 2237 1 640 480

* Years at birth, 1999, Table 1, UNDP (2001)

® Per 1000 live births, 1999, Table 8, UNDP (2001)
1997, Table 23, UNDP (2000)

41999, PPP US$, Table 1, UNDP (2001)

¢ Kilowatt hours, 1998, Table 18, UNDP (2001)
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total world population of about 6 billion. The largest
excluded nations are: Afghanistan, Cuba, Demo-
cratic Republic of Korea, Iraq and Yugoslavia.

The nations of the world are grouped in different
ways in different contexts. The three groupings in
Table 2.5 are one of the classifications used in the
Human Development Report. OECD stands for
‘Organisation for Economic Co-operation and
Development’. This organisation has 30 members,
and corresponds roughly to the set of advanced
industrial nations sometimes referred to as the
‘developed world’ or ‘the North’. As indicated,
Turkey is a member, as is Mexico. ‘EE and CIS’ is
short for ‘Eastern Europe and the Commonwealth of
Independent States’, which is the former Soviet
Union and its satellites. This grouping includes
countries at very different levels of development, as
illustrated by Hungary and Uzbekistan. All of the
nations that are covered by the data but in neither the
OECD nor EE and CIS are classified as ‘develop-
ing’. For most indicators the Human Development
Report provides data for several subsets of this
classification, two of which are included in Table 2.5.
Many of the ‘least developed’ nations are located in
Sub-Saharan Africa; non-African members of the
least developed nations set include Bangladesh,
Cambodia, Haiti, Lao People’s Democratic Repub-
lic, Myanmar and Nepal. The 1999 population sizes
for the three groups of nations are: OECD 1122
million; EE and CIS 398 million; developing 4610
million. The population of the set of least devel-
oped is 609 million, and for Sub-Saharan Africa it is
591 million.

On average, people in the OECD can expect to
live 12 years longer than people in the developing
world. OECD infant mortality is about one quarter
the rate in the developing world. A moderately
active adult requires about 2500 calories per day. On
this basis nutrition in the developing world as a
whole is adequate on average, but less than adequate
in the least developed nations and in Sub-Saharan
Africa. On average, people in the OECD get 35%
more daily calories than is required. In round num-
ber terms, the Human Development Report follows
the World Bank and defines poverty as an annual
income of less than PPP US$600 in terms of cur-
rent PPP $s — this corresponds to $1 per day in
terms of 1993 PPP USS$. On that basis, according to

Table 2.5, even for the least developed nations aver-
age income is above the poverty line. However, as
quoted above, looking behind the average, it is estim-
ated that 1.2 billion people are below the poverty
line. In terms of averages, GDP per capita in the
OECD is more than six times that in the develop-
ing world, and almost 19 times that in the least
developed nations. For electricity consumption per
capita, the relativities are broadly the same as for
income per capita.

The data in Table 2.5 are for just a small sample
of the possible indicators of human development.
The picture that they show is broadly the same
across all indicators — many human beings currently
experience poverty and deprivation, and there are
massive inequalities. In regard to income inequality,
the Human Development Report 2001 cites (UNDP,
2001) some results from a study that is based on
household survey data rather than national income
data. The study relates to the period 1988-1993 and
covers 91 countries with 84% of world population.
According to this study:

» The income of the poorest 10% was 1.6% of that
of the richest 10%

m The richest 1% of the world population received
as much income in total as the poorest 57%

m Around 25% of the population received 75% of
total income

2.3.2 Recent trends

An important question is whether things have been
getting better in recent history. Table 2.6 shows the
ratio of the values taken by the Table 2.5 indicators
to their values as near to a quarter of a century ago
as the data allow.

Life expectancy increased proportionately more
in the developing world than in the OECD. It actu-
ally decreased for EE and the CIS as a whole, though
in some of its constituent nations it did increase a
little. In the Russian Federation, life expectancy
decreased from 69.7 for 1970-75 to 66.1 in 1999.
This is associated with economic collapse and a
major breakdown in preventive health care. Also
culpable may be the cumulative effects of serious
environmental contamination over many years in the
Soviet Union, especially toxic wastes from chemical
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Table 2.6 Ratios for change in the last quarter of the twentieth century

Life expectancy®  Infant mortality® Calories per day* GDP per capita®  Electricity per capita®

OECD 1.09 0.33 1.11 1.61 1.42

USA 1.07 0.35 1.25 1.61 1.33

Turkey 1.20 0.27 1.15 1.65 3.08
EE and CIS 0.99 0.68 . . .

Hungary 1.03 0.25 0.99 1.21 1.21

Uzbekistan 1.07 0.68 . 0.48 .
Developing 1.16 0.56 1.24 1.73 2.28

Least Developed 1.17 0.67 1.00 1.05 1.31

Sub-Saharan 1.08 0.78 0.99 0.79 1.04

* Base is 1970-75, Table 8, UNDP (2001)
® Base is 1970, Table 8, UNDP (2001)
¢ Base is 1970, Table 23, UNDP (2000) ( .. means not available)

4 Base is 1975, calculated from annual growth rates, Table 11, UNDP (2001)

¢ Base is 1980, Table 18, UNDP (2001)

plants, pesticides from agriculture and nuclear radi-
ation from various sources. For infant mortality a
ratio of less than one indicates improvement over
the period. Considering the three groupings, the
improvement was least in EE and the CIS. Looking
at nutrition, we see that while the situation improved
for the developing world as a whole, for the least
developed nations there was no change, and for Sub-
Saharan Africa things actually got slightly worse. A
figure for daily calories for EE and the CIS as a
whole in 1970 is not available; for Hungary average
daily calorie intake fell very slightly from 1970 to
1997, while for the Russian Federation it fell by
25%.

In the developing world as a whole GDP per
capita grew by more than it did in the OECD.
However, here again, there is much variation within
the developing world. For the least developed
nations, per capita income increased by just 5% over
24 years, and for Sub-Saharan Africa it actually fell
by about 20%. There was also a lot of variation
within EE and the CIS, for which a figure for the
base year of 1975 is not available. Over the 1990s
the total number of people living below the poverty
line as defined above was more or less constant at
1.2 billion. Given that the world population grew
over this period, the proportion of the world’s popu-
lation living in poverty so defined fell slightly.

What about inequality? The Human Development
Report 2001 (Box 1.3) reports calculations based on
GDP per capita data which show that from 1970 to
1997 the ratio of the income of the richest 10% to

Table 2.7 GDP per capita relativities to the USA

1975 1999

OECD 0.69 0.69
USA 1.00 1.00
Turkey 0.20 0.20
EE and CIS . 0.20
Hungary 0.48 0.36
Uzbekistan . 0.07
Developing 0.10 0.11
Least developed 0.06 0.04
Sub-Saharan 0.11 0.05

Calculated from 1999 $s and annual growth rates, Table 11,
UNDP (2001)

the poorest 10% increased from 19.4 to 26.9, indic-
ating increasing inequality. On the other hand, if the
ratio is calculated for the top and bottom 20% it falls
from 14.9 to 13.1, indicating decreasing inequality.
Table 2.7 is based on the GDP per capita data
used for Tables 2.5 and 2.6. It shows the ratio of
GDP per capita for a group or nation to that of the
USA for the same year. Thus, for the OECD as a
whole GDP per capita was 69% of that of the USA
in 1975 and 1999 — the OECD and the USA grew at
the same rate, so that relative to the latter the for-
mer became neither better off nor worse off — the
inequality remained constant. This is also the case
for Turkey. There is no 1975 figure for EE and the
CIS as a whole, nor is there one for Uzbekistan. For
Hungary the ratio fell from 0.48 to 0.36, so that
inequality between Hungary and the USA increased.
One would guess this to be the case for the whole of
EE and the CIS - for its largest member, the Russian
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Federation, the ratio fell from 0.50 in 1975 to 0.24 in
1999.

For the developing world as a whole, inequality in
relation to the USA decreased a little, in that the
ratio increases from 0.10 to 0.11. However, for the
least developed nations and Sub-Saharan Africa, in
relation to the USA and — given the above observa-
tions on the USA and the OECD - the OECD as a
whole, income inequality increased. In the case of
Sub-Saharan Africa, per capita GDP fell by about
20% while USA per capita GDP increased by about
60% (Table 2.6), and the ratio of the former to the
latter fell by over 50%.

2.3.3 Growth as the solution

Economists have a very strong attachment to eco-
nomic growth as a major policy objective. A major
reason for this is that they see it as the only feasible
way to solve the problem of poverty. The argument
is that with economic growth, the lot of the poor
can be improved without taking anything away from
the better-off. Generally the better-off will resist
attempts to redistribute from them to the poor, so
that this route to poverty alleviation will involve
social tension and possibly violent conflict. Further,
over and above such considerations, poverty allevi-
ation via redistribution may not work even if it is
politically and socially feasible. The problem is that
typically the poor are much more numerous than the
rich, so that there is simply not enough to take from
the rich to raise the poor above the poverty line.
When, in the years following the Second World
War, economists thought that they understood how
to bring about economic growth they came to think
that they could solve an age-old problem of the
human condition — they came to think that the poor
need not always be with us.

Indeed, perhaps the most famous economist of the
twentieth century, J.M. Keynes, saw in economic
growth the prospect that the very problem that was
taken to be the essential economic problem -
scarcity — would be abolished, so that economists
would become largely redundant. In an essay
(Keynes, 1931), written in the early 1930s, on the
economic prospects for the grandchildren of adults
then alive, Keynes was concerned to put in perspect-

ive the waste entailed in the then-prevalent under-
use of available resources, especially labour. If the
means to avoid such waste could be found and
adopted, Keynes argued, economic growth, i.e.
increasing per capita GDP, at 2% per year would
easily be attained and sustained. This, he pointed
out, would mean that in one hundred years output
would increase sevenfold. Scarcity would be abol-
ished, and a situation arise in which economics and
economists were no longer important. In the years
after the Second World War, most economists
thought that Keynesian macroeconomics was the
means to achieving full employment and sustained
growth throughout the world.

The arithmetic of compound growth — growth at a
constant proportional rate — is indeed striking. And,
there is no doubt that historically economic growth
has raised the consumption levels of the mass of the
population in the rich industrial world to levels that
could scarcely have been conceived of at the start
of the industrial revolution, 200 years ago. There is
also no doubt that for the developing world as a
whole, economic growth in the latter part of the
twentieth century reduced the extent of poverty.
The arithmetic of economic growth does not, how-
ever, necessarily imply any reduction in economic
inequality. If the incomes of the rich and the poor
grow at the same rates, the proportionate difference
between them stays the same, and the absolute dif-
ference — in dollars per year — actually increases.
The original Kuznets curve hypothesis was that,
with growth, income inequality first increased then
decreased. The evidence on this hypothesis is
mixed. As noted above, global income inequalities
have not generally decreased in recent years. Within
some advanced economies inequality has increased.

2.4  Limits to growth?

An important event in the emergence in the last
decades of the perception that there is a sustainabil-
ity problem was the publication in 1972 of a book,
The Limits to Growth (Meadows et al., 1972), which
was widely understood to claim that environmental
limits would cause the collapse of the world eco-
nomic system in the middle of the twenty-first century.
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The book was roundly condemned by most eco-
nomists, but influenced many other people. It is
arguable that it was a stimulus to the re-emergence
of interest in natural resources on the part of
economists in the early 1970s noted in Chapter 1.
One economist argued, at around the same time,
that the limits to growth were social rather than
environmental.

2.4.1 Environmental limits

The Limits to Growth reported the results of a study
in which a computer model of the world system,
World3, was used to simulate its future. World3 rep-
resented the world economy as a single economy,
and included interconnections between that eco-
nomy and its environment. According to its creators,
World3

was built to investigate five major trends of global
concern — accelerating industrialization, rapid
population growth, widespread malnutrition, depletion
of non-renewable resources, and a deteriorating
environment. These trends are all interconnected in
many ways, and their development is measured in
decades or centuries, rather than in months or years.
With the model we are seeking to understand the
causes of these trends, their interrelationships, and
their implications as much as one hundred years in
the future.

(Meadows et al., 1972, p. 21)

It incorporated:

(a) a limit to the amount of land available for
agriculture;

(b) a limit to the amount of agricultural output
producible per unit of land in use;

(c) alimit to the amounts of non-renewable
resources available for extraction;

(d) a limit to the ability of the environment to
assimilate wastes arising in production and
consumption, which limit falls as the level of
pollution increases.

The behaviour of the economic system was repres-
ented as a continuation of past trends in key vari-
ables, subject to those trends being influenced by the
relationships between the variables represented in
the model. These relationships were represented in

terms of positive and negative feedback effects.
Thus, for example, population growth is determined
by birth- and death-rates, which are determined by
fertility and mortality, which are in turn influenced
by such variables as industrial output per capita, the
extent of family planning and education — for fertility
— and food availability per capita, industrial output
per capita, pollution, and the availability of health
care — for mortality. The behaviour over time in the
model of each of these variables, depends in turn on
that of others, and affects that of others.

On the basis of a number of simulations using
World3, the conclusions reached by the modelling
team were as follows:

1. If the present growth trends in world population,
industrialization, pollution, food production and
resource depletion continue unchanged, the limits to
growth on this planet will be reached sometime within
the next 100 years. The most probable result will be a
sudden and uncontrollable decline in both population
and industrial capacity.
2. It is possible to alter these trends and to establish
a condition of ecological and economic stability that
is sustainable far into the future. The state of global
equilibrium could be designed so that the basic
material needs of each person on earth are satisfied
and each person has an equal opportunity to realize
his or her individual human potential.
3. If the world’s people decide to strive for this second
outcome rather than the first, the sooner they begin
working to attain it, the greater will be their chances
of success.

(Meadows et al., 1992)

What The Limits to Growth actually said was
widely misrepresented. It was widely reported that it
was an unconditional forecast of disaster sometime
in the next century, consequent upon the world run-
ning out of non-renewable resources. In fact, as the
quotation above indicates, what was involved was
conditional upon the continuation of some existing
trends. Further, this conditional prediction was not
based upon running out of resources.

The first model run reported did show collapse as
the consequence of resource depletion. Figure 2.13
is a reproduction of the figure in The Limits to Growth
that reports the results for “World Model Standard
Run’. This run assumes no major changes in social,
economic or physical relationships. Variables follow
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Figure 2.13 Base run projections of the ‘limits to growth’ model

Source: Meadows et al. (1972), page 124

actual historical values until the year 1970. There-
after, food, industrial output and population grow
exponentially until the rapidly diminishing resource
base causes a slowdown in industrial growth. Sys-
tem lags result in pollution and population continu-
ing to grow for some time after industrial output has
peaked. Population growth is finally halted by a rise
in the mortality rate, as a result of reduced flows of
food and medical services.

However, the next reported run involved the
model modified by an increase in the resource avail-
ability limit such that depletion did not give rise to
problems for the economic system. In this run, the
proximate source of disaster was the level of pollu-
tion consequent upon the exploitation of the increased
amount of resources available, following from the

materials balance principle. A number of variant
model runs were reported, each relaxing some
constraint. The conclusions reached were based on
consideration of all of the variant model runs. Suc-
cessive runs of the model were used to ascertain
those changes to the standard configuration that
were necessary to get the model to a sustainable
state, rather than to collapse mode.

It was widely reported that the World3 results said
that there were limits to ‘economic growth’. In fact,
what they said, as the conclusions quoted above
indicate, is that there were limits to the growth of
material throughput for the world economic system.
As economic growth is measured it includes the con-
sumption of the output of the service sector, as well
as the agricultural and industrial sectors.
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A sequel (Meadows et al., 1992) to The Limits
to Growth, written by the same team and entitled
Beyond the Limits, was published in 1992 to coin-
cide with the UNCED conference held in Rio de
Janeiro. To date, the publication of the sequel appears
to have generated much less controversy than the
original did. This might suggest some major change
in analysis and conclusions as between original and
sequel. In fact there is very little substantive dif-
ference in the conclusions, and apart from updating
of numerical values used, the model is stated to be
modified in only minor ways from the original
World3. The position on this as stated in the
sequel is:

As far as we can tell from the global data, from the
World3 model, and from all we have learned in the
past twenty years, the three conclusions we drew in
The Limits to Growth are still valid, but they need to
be strengthened.

2.4.2 Economists on environmental limits

The response by economists to The Limits to Growth
was almost entirely hostile. Given their commitment
to economic growth as the solution to the problem of
poverty and the widespread existence of the prob-
lem, noted in the previous section, this was hardly
surprising. Prominent among the critical responses
from economists were those by Page (1973),
Nordhaus (1972), Beckerman (1972, 1974), Cole
et al. (1973) and Lecomber (1975). According to
one eminent economist it was ‘a brazen, impudent
piece of nonsense that nobody could possibly take
seriously’ (Beckerman, 1972). As noted above,
economists have had much less to say, and much
less critical things to say, about the sequel, Beyond
the Limits. In a foreword to it, a Nobel laureate in eco-
nomics, Jan Tinbergen, says of it: ‘We can all learn
something from this book, especially we economists’.

The main line of the criticism of the original by
economists was that the feedback loops in World3
were poorly specified in that they failed to take
account of behavioural adjustments operating through
the price mechanism. In particular, it was argued that
changing patterns of relative scarcity would alter the
structure of prices, inducing behavioural changes
in resource-use patterns. Given a well-functioning

market mechanism, it was argued, limits to growth
would not operate in the way reported by the
modelling team. It was conceded by some of the
economist critics that the force of this argument was
weakened by the fact that for many environmental
resources and services, markets did not exist, or
functioned badly where they did. However, it was
also argued that such ‘market failure’ could be cor-
rected by the proper policy responses to emerging
problems. This presumes that the sorts of substitu-
tions for environmental services that we discussed
above can be made, given properly functioning mar-
kets or policy-created surrogates for such, to the
extent that will overcome limits that would other-
wise exist. A major, and largely unresolved, question
in the debates about the existence of a sustainability
problem is the existence and effectiveness of substi-
tutes for environmental services.

2.4.3 Social limits to growth

Daly (1987) argues that there are two classes of
limits to growth. First, there are the biophysical
limits arising from the laws of thermodynamics and
from the fragility of ecosystems. The second class
relates to the desirability of growth, rather than its
feasibility. Daly states four propositions about the
desirability of growth:

1. The desirability of growth financed by running
down resources is limited by the cost imposed
on future generations.

2. The extinction or reduction in the number
of sentient non-human species whose habitat
disappears limits the desirability of growth
financed by takeover.

3. The self-cancelling effects on welfare limit the
desirability of aggregate growth.

4. The desirability of growth is limited by the
corrosive effects on moral standards of the
very attitudes that foster growth, such as
glorification of self-interest and a scientific—
technocratic worldview.

The last two of these propositions concern what
have been called ‘social limits to growth’.

The argument for ‘social limits to growth’ was
explicitly advanced in a book with that title (Hirsch,



48

Foundations

1977), published five years after The Limits to
Growth. Hirsch argued that the process of economic
growth becomes increasingly unable to yield the
satisfaction which individuals expect from it, once
the general level of material affluence has satisfied
the main biological needs for life-sustaining food,
shelter and clothing. As the average level of con-
sumption rises, an increasing portion of consump-
tion takes on a social as well as an individual aspect,
so that

the satisfaction that individuals derive from goods and
services depends in increasing measure not only on
their own consumption but on consumption by others
as well.

(Hirsch, 1977, p. 2)

The satisfaction a person gets from the use of a car,
for example, depends on how many other people
do the same. The greater the number of others who
use cars, the greater is the amount of air pollution
and the extent of congestion, and so the lower is
the satisfaction one individual’s car use will yield.
However, Hirsch’s main focus was on what he
calls ‘positional goods’, the satisfaction from which
depends upon the individual’s consumption relative
to that of others, rather than the absolute level of
consumption. Consider, as an example, expenditure
on education in an attempt to raise one’s chances of
securing sought-after jobs. The utility to a person of
a given level of educational expenditure will decline
as an increasing number of others also attain that
level of education. Each person purchasing educa-
tion seeks to gain individual advantage, but the
simultaneous actions of others frustrate these object-
ives for each individual. As the average level of edu-
cation rises, individuals will not receive the gains
they expect from higher qualifications.

Once basic material needs are satisfied, further
economic growth is associated with an increasing
proportion of income being spent on such positional
goods. As a consequence, growth is a much less
socially desirable objective than economists have
usually thought. It does not deliver the increased
personal satisfactions that it is supposed to. Tradi-
tional utilitarian conceptions of social welfare (see
Chapters 3 and 5) may be misleading in such cir-
cumstances, as utilities are interdependent. Using

terminology to be introduced and explained in
Chapter 5, we can say that given the external effects
arising due to the consumption of others affecting
the utility that an individual derives from his or
her own consumption, the simple summation of
individual consumption levels overstates collective
welfare.

2.5 The pursuit of sustainable
development

Many people now live in conditions such that basic
material needs are not satisfied. This is particularly
true for people living in the poor nations of the
world, but is by no means restricted to them. Even in
the richest countries, income and wealth inequalit-
ies are such that many people live in conditions of
material and social deprivation. For many years, it
was thought that the eradication of poverty required
well-designed development programmes that were
largely independent of considerations relating to
the natural environment. The goal of economic and
political debate was to identify growth processes
that could allow continually rising living standards.
Economic development and ‘nature conservation’
were seen as quite distinct and separate problems.
For some commentators, concern for the natural
environment was a rather selfish form of self-
indulgence on the part of the better-off.

Perspectives have changed significantly since the
1970s. While the pursuit of economic growth and
development continues, it is recognised that the
maintenance of growth has an important environ-
mental dimension. During the 1970s, a concern for
sustainability began to appear on the international
political agenda, most visibly in the proceedings of
a series of international conferences. The common
theme of these debates was the interrelationship
between poverty, economic development and the
state of the natural environment.

Perhaps the best-known statement of the sustain-
ability problem derives from the 1987 report of the
World Commission on Environment and Develop-
ment, which set the agenda for much of the sub-
sequent discussion of sustainability.
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2.5.1 The World Commission on
Environment and Development

The World Commission on Environment and Devel-
opment, WCED, was established in 1983 by the
United Nations. Its mandate was:

1. to re-examine the critical environment and
development issues and to formulate realistic
proposals for dealing with them;

2. to propose new forms of international
cooperation on these issues that will influence
policies and events in the direction of needed
changes;

3. to raise the levels of understanding and
commitment to action of individuals, voluntary
organisations, businesses, institutes and
governments.

WCED comprised 23 commissioners from 21 dif-
ferent countries. The chairperson was Gro Harlem
Brundtland, who had previously been both Minister
for the Environment and Prime Minister of Norway.
Over a period of two years, the commissioners held
public meetings in eight countries, at which people
could submit their views on WCED’s work. In
regard to analysis and awareness-raising, WCED
focused on population growth, food security, bio-
diversity loss, energy, resource depletion and pollu-
tion, and urbanisation.

2.5.1.1 The Brundtland Report

The report that WCED produced in 1987 — Our
Common Future (WCED, 1987) — is often referred
to as ‘the Brundtland report’ after the name of the
WCED chairperson. It advanced, with great effect,
the concept of ‘sustainable development’, which is
now on political agendas, at least at the level of
rhetoric, around the world. The Brundtland report
was, in political terms, an outstanding and influen-
tial piece of work.

It provides much information about what we have
called here the sustainability problem, setting out
the nature of economy—environment interdepend-
ence, identifying a number of potential environ-
mental constraints on future economic growth, and
arguing that current trends cannot be continued far

into the future. Thus, according to the Brundtland
report,

Environment and development are not separate
challenges: they are inexorably linked. Development
cannot subsist on a deteriorating environmental base;
the environment cannot be protected when growth
leaves out of account the costs of environmental
protection.

(p-37)

while

The next few decades are crucial. The time has come
to break out of past patterns. Attempts to maintain
social and ecological stability through old approaches
to development and environmental protection will
increase instability.

(p.22)

The Brundtland report does not conclude that
future economic growth is either infeasible or unde-
sirable. Having defined sustainable development as
development that

seeks to meet the needs and aspirations of the present
without compromising the ability to meet those of the
future.

(p-43)

it states that:

Far from requiring the cessation of economic growth,
it [sustainable development] recognizes that the
problems of poverty and underdevelopment cannot be
solved unless we have a new era of growth in which
developing countries play a large role and reap large
benefits.

(p.40)

Nor does it require that those nations already devel-
oped cease to pursue economic growth:

Growth must be revived in developing countries
because that is where the links between economic
growth, the alleviation of poverty, and environmental
conditions operate most directly. Yet developing
countries are part of an interdependent world
economy; their prospects also depend on the levels
and patterns of growth in industrialized nations.

The medium term prospects for industrial countries
are for growth of 3—4 per cent, the minimum that
international financial institutions consider necessary
if these countries are going to play a part in expanding



Foundations

the world economy. Such growth rates could be
environmentally sustainable if industrialized nations
can continue the recent shifts in the content of their
growth towards less material- and energy-intensive
activities and the improvement of their efficiency in
using materials and energy.

(p-51)

In the light of an appreciation of the economy—
environment interdependence and the current level
of global economic activity, some environmentalists
have expressed the view that ‘sustainable develop-
ment’ is an oxymoron. It is their assessment that the
current situation is such that we already are at the
limits of what the environment can tolerate, so that
growth will inevitably damage the environment, and
cannot, therefore, be sustainable. It is the assessment
of the Brundtland report that environmental limits to
growth can be avoided, given the adoption, world-
wide, of policies to affect the form that economic
growth takes. To make growth sustainable, those
policies would have to involve reducing, at the
global level, the material content of economic activ-
ity, economising in the use of resources as the value
of output increases, and substituting the services of
reproducible capital for the services of natural cap-
ital. Much of resource and environmental economics
is about the policy instruments for doing that, as we
shall see in later chapters.

Given the nature of the WCED, it is not sur-
prising that the Brundtland report is not strong on
detailed and specific policy proposals that would
facilitate the move from ‘past patterns’ to sustainable
development. It urges, for example, that national
governments merge environmental and economic
considerations in their decision making. It did make
a specific recommendation regarding item 2 from its
mandate. This was that the UN General Assembly
convene an international conference

to review progress made and promote follow-up
arrangements that will be needed over time to set
benchmarks and to maintain human progress within
the guidelines of human needs and natural laws.

(p- 343)

This recommendation was acted upon, and the result
was the United Nations Conference on Environment
and Development, UNCED, which took place in Rio
de Janeiro in June 1992.

2.5.2 UNCED: Rio de Janeiro 1992

The conference itself was preceded by over two
years of preparatory international negotiations.
Delegations were sent from 178 nations and the
meeting was attended by 107 heads of government
(or state). During UNCED several parallel and
related conferences took place in Rio de Janeiro;
the meeting for ‘non-governmental organisations’,
mainly pro-environment pressure groups, involved
more participants than UNCED itself. It has been
estimated that, in total, over 30 000 people went to
Rio de Janeiro in June 1992.

The preparatory negotiations dealt with four main
areas: draft conventions on biodiversity conserva-
tion, global climate change, forest management, and
the preparation of two documents for adoption at
UNCED. The main UNCED outcomes were as fol-
lows. There was complete agreement on the non-
binding adoption of the Rio Declaration and Agenda
2]. The first of these comprises 27 statements of
principle in regard to global sustainable develop-
ment. The second is an 800-page document covering
over 100 specific programmes for the attainment of
global sustainable development: many of these pro-
grammes involve resource transfers from the indus-
trial to the developing nations. UNCED also agreed
on the creation of a new UN agency, a Commis-
sion for Sustainable Development, to oversee the
implementation of Agenda 21. Agreement was
also reached on the, non-binding, adoption of a set
of principles for forest management. The industrial
nations reaffirmed their previous non-binding com-
mitments to a target for development aid of 0.7% of
their GNP. It should be noted that it is still true that
only a few of the industrial nations actually attain
this target.

Two conventions were adopted, by some 150
nations in each case, which would be binding on
signatories when ratified by them. These covered
global climate change and biodiversity conserva-
tion: the latter was not signed by the USA at the
Rio meeting, but the USA did sign in 1993 after a
change of administration. Although binding, these
conventions did not commit individual nations to
much in the way of specific actions. The Convention
on Biological Diversity deals with two main issues —
the exploitation of genetic material and biodiversity
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conservation. In regard to the latter, signatories agree
to create systems of protected areas, for example, but
undertake no commitments regarding their extent.
The Framework Convention on Climate Change
was mainly about the principles according to which
future negotiations — known as Conferences of the
Parties, COPS — were to try to establish commit-
ments and rules. A major principle was that commit-
ments would be limited to the developed nations.

Many environmental activists, as well as many
concerned to promote economic development in
poor nations, regarded the actual achievements at
UNCED as disappointing, but it did confirm that
sustainable development was, and would remain,
firmly on the world political agenda. While specific
commitments were not a major feature of the out-
comes, there were agreements with the potential to
lead to further developments. The creation of the
Commission for Sustainable Development is clearly
an important institutional innovation at the inter-
national level.

The convening of, and the outcomes at, UNCED
suggest that the need to address the economic and
environmental problems arising from economy-
environment linkages is widely accepted. Equally,
UNCED and subsequent events suggest that even
when the existence of a problem is widely agreed by
national governments, agreement on the nature of
appropriate policy responses is limited. Further,
there is clearly reluctance on the part of national
governments to incur costs associated with policy
responses, and agreed action is even more difficult
to realise than agreement about what should be
done. The difficulties involved in achieving inter-
national action on environmental problems are dis-
cussed in Chapter 10, along with progress that has
been made since 1987.

2.5.3 World Summit on Sustainable
Development: Johannesburg 2002

The United Nations Commission on Sustainable
Development, established as a result of UNCED in
1992, organised the 2002 World Summit on Sus-
tainable Development, WSSD, in Johannesburg

to build upon the achievements of UNCED. This
chapter is being written in June 2002, and WSSD
is to take place from 26 August to 4 September,
so a report on WSSD is impossible! However,
a great deal of the preparatory work that has
already been done for WSSD can be accessed at
http://www.johannesburgsummit.org/index.html. It
is clear that the hope is that WSSD will move things
further in the direction of actions for sustainable
development, as opposed to declarations in favour
of it.

There is already a huge amount of documentation
at the above web site, including a Draft Plan of
Implementation, adoption of which would move sig-
natories in the direction of specific commitments.
There is also the text of a lecture given at the
London School of Economics on 25 February 2002
by the United Nations Secretary-General, Kofi
Annan. The title of the lecture is ‘From Doha to
Johannesburg by way of Monterrey: how to achieve,
and sustain, development in the 21st century’. The
following quotations from the lecture give the sense
of the Secretary-General’s assessment of progress
since UNCED in 1992, and of his hopes for WSSD
in 2002.

Much was achieved at Rio. Agenda 21, adopted there,
remains as visionary today as it was then — and local
authorities and civil society in almost every part of the
world have been working to implement it. Moreover,
legally binding conventions on climate change,
biodiversity and desertification have been added

since then.

Prevailing approaches to development remain
fragmented and piecemeal; funding is woefully
inadequate; and production and consumption patterns
continue to overburden the world’s natural life support
systems.

Agenda 21 and all that flowed from it can be said to
have given us the ‘what” — what the problem is, what
principles must guide our response.

Johannesburg must give us the how’” — how to bring
about the necessary changes in state policy; how to
use policy and tax incentives to send the right signals
to business and industry; how to offer better choices to
individual consumers and producers; how, in the end,
to get things done.
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Summary

Our objectives in this chapter have been to describe some aspects of the current state of human devel-
opment, and of the fundamental material and biological conditions within which future development
must take place. We have also examined some of the consequences that human activity currently has,
and may have in the future, on the natural environment. While our discussion has not been compre-
hensive, it has demonstrated that the natural environment and the human economy are not independent
systems. On the contrary, they are intimately related through a complex set of interactions. Economic
activity affects the environment, which affects the economy. Whatever ‘sustainability’ might mean, it
is clear from our analysis here that a necessary condition for an economy to be sustainable is that its
natural environment should be maintained so as to continue to deliver a diverse set of services.

Further reading

Data on the topics dealt with in this chapter can be
found in the publications of agencies such as the
United Nations (UN), the Food and Agriculture
Organization of the United Nations (FAO), the
United Nations Environment Programme (UNEP),
the United Nations Development Programme
(UNDP), the World Bank, the Organisation for
Economic Co-operation and Development (OECD),
the International Energy Agency (IEA), and the
World Conservation Union (WCN, formerly the
International Union for the Conservation of Nature,
IUCN). Each year the World Resources Institute
(WRI) collates data from these and other sources in
a series of tables in its publication World Resources.
This is jointly produced by WRI, UNEP, the World
Bank and UNDP. Each year this publication also
focuses on some particular aspect of economy—
environment interdependence — for example, at the
time of writing the latest available report was World
Resources 2000-2001: People and Ecosystems.
Some data are available from the web sites of these
organisations:

UN — www.un.org

FAO — www.fao.org/default.htm
UNEP — www.unep.org

UNDP - www.undp.org

World Bank — www.worldbank.org
OECD — www.oecd.org

IEA — www.iea.org

WRI — www.wri.org
WCN — www.iucn.org

Lomborg (2001) is a useful point of entry to the
vast array of statistical materials on the current state
of the environment and human development. The
appearance of Lomborg’s book in English generated
a great deal of interest and controversy, as he argues
that what the statistics show is that those ‘environ-
mentalists” who claim that the human condition is
deteriorating and that the ability of the environment
to support economic activity is decreasing are, over-
all, quite wrong. Many of those environmentalists
have, in turn, claimed that Lomborg is both wrong
and irresponsible. Lomborg treats each potential
environmental problem in isolation, rather than as
the set of linked phenomena that they are. Lomborg
has a web site, www.lomborg.com, which provides
links to various contributions to the controversy.

There are a number of well-documented examples
of unsustainable societies in human history, where
collapse followed resource exhaustion. Ponting
(1992) is an environmental history of humanity and
provides brief accounts of some examples, and ref-
erences to more detailed works; see also Diamond
(1993).

Jackson and Jackson (2000) and Park (2001) are
two standard texts that deal at greater length with the
environmental science topics covered in this chap-
ter. Both are at an introductory level: Jackson and
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Jackson assumes some prior knowledge of chem-
istry. Krebs (2001) is a successful ecology text that
is comprehensive but assumes no prior knowledge
of the subject. Folke (1999) is a brief overview of
ecological principles as they relate to ecological
economics, and provides useful references to the lit-
erature. As it is set out here, the idea of resilience as
a property of an ecosystem is developed in Holling
(1986). The paper by Ludwig et al. (1997) is a clear,
but technical, exposition of the basic mathematics
of Holling resilience and how it relates to another
concept of resilience that appears in the ecology
literature.

There is no uniquely correct way to classify the
services that the environment provides to the eco-
nomy. Barbier et al. (1994), in Table 3.1, provide a
four-way classification of what they call the ‘life
support functions of ecosystems’ into regulation, pro-
duction, carrier and information functions. Costanza
et al. (1997) distinguish 17 classes of ‘ecosystem
service’. Common (1995), Dasgupta (1982) and
Perrings (1987) consider economy-—environment
interdependence and some of its implications from
an economics perspective. D’Arge and Kogiku
(1972) is an early contribution to the resource and
environmental economics literature that contains a
growth model which obeys the law of conservation
of matter. As noted in the body of the chapter, the
economist who did most to draw the attention of
economists to the laws of thermodynamics and their
implications for economics was Nicholas Georgescu-
Roegen; various assessments of his contribution are
presented in a special issue of the journal Ecological
Economics, Vol. 22, no 3, September 1997.

Barbier et al. (1994) is a good introduction to
biodiversity issues. Wilson’s classic work (Wilson,
1988) on biodiversity has been updated as Biodiversity
II (Reaka-Kudla et al., 1996). UNEP (1995) is the
definitive reference work in this field, dealing prim-
arily with definition and measurement of bio-
diversity loss, but also containing good chapters on
economics and policy. See also Groombridge (1992)
and Jeffries (1997) for excellent accounts of bio-
diversity from an ecological perspective. Measure-
ment and estimation of biodiversity are examined in
depth in Hawksworth (1995), and regular updated
accounts are provided in the annual publication
World Resources. The extent of human domination

of global ecosystems is considered in Vitousek et al.
(1997); for the range of uncertainty attending such
estimates see Field (2001).

The IPAT identity was introduced in Ehrlich and
Holdren (1971); see also Ehrlich and Ehrlich (1990).
It was originally set out as I = PCT where C stands
for consumption, but IPAT is a better acronym than
IPCT, and it is income per capita rather than con-
sumption that matters and is most easily measured.
The identity indicates the scale of technological
change that is necessary to hold impact constant for
any given change in population and/or affluence.
The feasible prospects for technological change are
discussed in von Weizsicker et al. (1997) — it is
claimed that T could be reduced by a factor of four,
so that affluence could double and impact be cut by
50%, for constant population. Lovins et al. (2000) is
even more optimistic about technological possibilities.

Becker (1960) is the classic original source
of the literature on the economics of population.
Easterlin (1978) provides a comprehensive and non-
mathematical survey of the economic theory of fer-
tility, and his 1980 volume provides an excellent
collection of readings. The EKC hypothesis was
the subject of a special issue of the journal Environ-
ment and Development Economics in October 1997
(Vol. 2, part 4), and also of the journal Ecological
Economics in May 1998 (Vol. 25, no 2). See also
de Bruyn and Heintz (1999).

The UNDP’s annual Human Development Report
is the best single source of data and commentary on
the global situation in regard to affluence, poverty
and inequality. As well as basic data, each year it
reports country performance against a series of
indices intended to capture several dimensions of
human development. Arndt (1978) is a very interest-
ing account of the rise to the top of the policy agenda
of the growth objective in the 1950s and 1960s, and
of reaction to claims that continuing economic
growth was infeasible due to environmental limits.
Useful accounts of debates over limits to growth are
to be found in Simon (1981), Simon and Kahn
(1984) and Repetto (1985). The October 1998 issue
(Vol. 3, part 4) of the journal Environment and
Development Economics included several papers
which revisited the debate over The Limits to Growth
in response to an article in The Economist with the
title ‘Environmental scares: plenty of gloom’.
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McCormick (1989) provides a useful account of
the modern history of environmental concerns and
their impact on politics, and traces the evolution of
the development versus environment debate through
the various international conferences which pre-
ceded the publication of the Brundtland report. That
report (WCED, 1987) is essential reading on sus-
tainable development.

One very important dimension of the sustain-
ability problem, where many particular issues come
together and interact, is the matter of feeding the
human population. We have not been able to cover
this here because of space limitations. The Com-
panion Web Site discusses some of the issues, and
provides lots of pointers to further reading.

Discussion questions

1. Many economists accept that a ‘Spaceship Earth’
characterisation of the global economy is valid
in the final analysis, but would dispute a claim
that we are currently close to a point at which it
is necessary to manage the economy according
to strict principles of physical sustainability.
On the contrary, they would argue that urgent
problems of malnutrition and poverty dominate
our current agenda, and the solution to these is
more worthy of being our immediate objective.
The objective of physically sustainable
management must be attained eventually, but
is not an immediate objective that should be
pursued to the exclusion of all else.

To what extent do you regard this as being a
valid argument?

2. How effective are measures designed to increase
the use of contraception in reducing the rate of
population growth?

3. How may the role and status of women affect
the rate of population growth? What measures
might be taken to change that role and status in
directions that reduce the rate of population
growth?

4. Does economic growth inevitably lead to
environmental degradation?

Problems

1. Use the microeconomic theory of fertility
to explain how increasing affluence may be
associated with a reduction in the fertility
rate.

2. Suppose that families paid substantial dowry
at marriage. What effect would this have on
desired family size?

3. What effect would one predict for desired
family size if family members were to cease
undertaking unpaid household labour and
undertake instead marketed labour?

4. Take the following data as referring to 2000
(they come from UNDP (2001), P and A are for

1999 and T uses CO, data for 1997), and the
world as being the sum of these three groups of
nations.

P (millions) A (PPP US$) T (tonnes)
Rich OECD 848 26 050 0.0004837
EE and CIS 398 6290 0.0011924
Developing 4610 3530 0.0005382

a. Calculate total world CO, emissions in 2000.

b. Work out the 2000 group shares of total
population and CO, emissions.

c. Assume population growth at 0.5% per year
in Rich OECD and EE and CIS and at 1.5%
per year in Developing, out to 2050. Assume
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per capita income growth at 1.5% per year in
Rich OECD, at 2.5% per year in EE and CIS,
and at 3.0% in Developing, out to 2050.
Work out total world emissions and group
shares of the total for 2050, and also group
shares of world population.

By what factor does total world emissions
increase over the 50-year period?
. For the same population growth and per
capita income growth assumptions, by how

much would 7 have to fall in Rich OECD
for that group’s 2050 emissions to be

the same as in 2000? With Rich OECD
emissions at their 2000 level in 2050,
assume that 7 for EE and CIS in 2050 is
the same as 7 for Rich OECD in 2000
(which would be 2050 T for EE and CIS,
being about half of its 2000 level) and
work out what total world CO, emissions
would then be.



CHAPTER 3

Ethics, economics and the

environment

And God said, Let us make man in our image, after our likeness: and let them have dominion
over the fish of the sea, and over the fowl of the air, and over the earth, and over every

creeping thing that creepeth upon the earth.

Learning objectives

In this chapter you will

m learn about utilitarianism as the ethical basis
for welfare economics

m see how it differs from some other ethical
systems

m be introduced to some of the criticisms of
utilitarianism

m take a first look at the vexed question of
discounting

m be introduced to optimal growth analysis
where production uses a hon-renewable
natural resource

Introduction

Environmental and resource economics is concerned
with the allocation, distribution and use of environ-
mental resources. To some extent, these matters can
be analysed in a framework that does not require the
adoption of any particular ethical viewpoint. We can
focus our attention on answering questions of the
form ‘If X happens in a particular set of circum-
stances, what are the implications for Y?” Analyses
of this form constitute what is sometimes described
as ‘positive’ economics.

However, limiting our scope to answering ques-
tions of this form is restrictive. Many economists

Genesis 1:24-8

wish also to do ‘normative’ economics, to address
questions about what should be done in a particu-
lar set of circumstances. To do this it is necessary
to use ethical criteria derived from theories about
how persons ought to behave. In doing normative
economics, generally referred to as ‘welfare eco-
nomics’, economists usually employ criteria derived
from utilitarian ethical theory. Normative resource
and environmental economics is predominantly
founded in utilitarian ethics.

The main purpose of this chapter is to provide an
introduction to and overview of the nature of the
utilitarian approach to ethics, and to show how it
informs normative economics. Welfare economics
as such is dealt with in Chapters 5 and 11, and gets
applied throughout Parts II, III and IV of the book.
This chapter begins by looking briefly, in the first
two sections, at other approaches to ethics, so as to
provide some context. The chapter then, in the third
section, sets out the basic elements of utilitarianism
as a general approach to the question of how we
should behave, and the particular ways in which
welfare economics uses that general approach.
Some of the criticisms of utilitarianism and its use in
welfare economics are then reviewed in the fourth
section of the chapter.

In the context of economic activity and the nat-
ural environment, the question of how we should
behave with respect to future generations is import-
ant. As we saw in the previous chapter, there is, for
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many, a concern that current economic activity is
affecting the environment so as to entail damage to
future generations. The fifth section of the chapter
looks at the utilitarian approach to the question of
intertemporal distribution, focusing particularly on
the sustainability issue. The next chapter considers a
number of possible concepts of sustainability.

3.1  Naturalist moral philosophies

A fundamental distinction can be drawn between
two broad families of ethical systems: humanist and
naturalist moral philosophies. In humanist philo-
sophies, rights and duties are accorded exclusively
to human beings, either as individuals or as commu-
nities — while humans may be willing to give them
consideration, non-human things have no rights or
responsibilities in themselves. A naturalist ethic
denies this primacy or exclusivity to human beings.
In this ethical framework, values do not derive
exclusively from human beings. Rather, rights can
be defined only with respect to some natural sys-
tem. A classic exposition of this ethic is to be
found in Aldo Leopold’s ‘A Sand County Almanac’
(1970, p. 262): ‘A thing is right when it tends
to preserve the integrity, stability and beauty of
the biotic community. It is wrong when it tends
otherwise.’

Peter Singer (1993) describes this position as a
‘deep ecology’ ethic. When a development is pro-
posed, a deep ecologist might argue that the project
would not be right if significant disturbances to
ecosystems are likely to occur. Given that a large
part of human behaviour does have significant eco-
logical implications, strict adherence to a naturalist
philosophy would prohibit much current and future
human activity. The implications of a thoroughgoing
adherence to such a moral philosophy seem to be
quite profound, although much depends upon what
constitutes a significant impact.

A weak form of naturalist ethic — roughly speak-
ing, the notion that behaviour which has potentially
large impacts on those parts of the biosphere that are
deserving of safeguard, because of their unusualness
or scarcity, should be prohibited — has had some im-
pact on public policy in many countries. Examples

include the designation of Sites of Special Scientific
Interest and the consequent special provisions for
management of these sites in the United Kingdom,
the system of National Parks in the USA, and the
designation of Internationally Important Sites by the
Worldwide Fund for Nature.

In the period since 1970, a number of important
works have emerged which attempt to establish the
nature of mankind’s obligation to non-human beings.
Much of this writing has made use of Kant’s cat-
egorical imperative, according to which an action is
morally just only if it is performed out of a sense of
duty and is based upon a valid ethical rule. Justice is
not to be assessed in terms of the consequence of an
action.

But what is a valid rule? According to Kant, a
valid rule is a universal rule. Universality here
means that such a rule can be applied consistently to
every individual. He writes: ‘I ought never to act
except in such a way that I can also will that my
maxim [rule] should become a universal law.” This
principle is Kant’s categorical imperative. The basis
of ethical behaviour is found in the creation of rules
of conduct that each person believes should be uni-
versalised. For example, I might legitimately argue
that the rule ‘No person should steal another’s prop-
erty’ is an ethical rule if I believe that everyone
should be bound by that rule.

One categorical imperative suggested by Kant
is the principle of respect for persons: no person
should treat another exclusively as a means to his
or her end. It is important to stress the qualifying
adverb exclusively. In many circumstances we do
treat people as means to an end; an employer, for
example, regards members of his or her workforce
as means of producing goods, to serve the end of
achieving profits for the owner of the firm. This is
not wrong in itself. What is imperative, and is wrong
if it is not followed, is that all persons should be
treated with the respect and moral dignity to which
any person is entitled.

Kant was a philosopher in the humanist tradition.
His categorical imperatives belong only to humans,
and respect for persons is similarly restricted. How-
ever, naturalists deny that such respect should be
accorded only to humans. Richard Watson (1979)
begins from this Kantian imperative of respect for
persons, but amends it to the principle of respect for
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others. In discussing who is to count as ‘others’,
Watson makes use of the principle of reciprocity, the
capacity to knowingly act with regard to the welfare
of others. He denies that only humans have the
capacity for reciprocal behaviour, arguing that it is
also evident in some other species of higher animal,
including chimpanzees, dolphins and dogs. Such
animals, Watson argues, should be attributed moral
rights and obligations: at a minimum, these should
include intrinsic rights to life and to relief from
unnecessary suffering.

But many writers believe that human obliga-
tions extend to a far broader class of ‘others’. The
philosopher G.J. Warnock (1971) grappled with the
concept of consideration, the circumstances that
imply that something has a right for its interests to
be taken into account in the conscious choices of
others. Warnock concluded that all sentient beings —
beings which have the capacity to experience pleas-
ure or pain — deserve to be considered by any moral
agent. So, for Warnock, when you and I make eco-
nomic decisions, we have a moral obligation to give
some weight to the effects that our actions might
have on any sentient being.

Some other naturalist philosophers argue that the
condition of sentience is too narrow. Our obligations
to others extend beyond the class of other animals
that can experience pain and pleasure. Kenneth
Goodpaster (1978) concludes that all living beings
have rights to be considered by any moral agent. W.
Murray Hunt (1980) adopts an even stronger posi-
tion. He concludes that ‘being in existence’, rather
than being alive, confers a right to be considered by
others. For Hunt, all things that exist, living or dead,
animate or inanimate, have intrinsic rights.

Although our summary of naturalistic philo-
sophies has been brief, it does demonstrate that the
typical humanist philosophy adopted by most eco-
nomists has not gone unchallenged. It seems to be
the case that the moral foundations of some ecolo-
gical and environmentalist arguments owe much to
naturalistic ethics. This may account for why con-
ventional economists and some environmentalists
have found it difficult to agree. Readers who wish
to explore naturalistic moral philosophy in more
depth than has been possible here should con-
sult the Further Reading section at the end of the
chapter.

3.2 Libertarian moral philosophy

Libertarianism is a humanist moral philosophy. It
takes as its central axiom the fundamental inviol-
ability of individual human rights. There are no rights
other than the rights of human individuals, and eco-
nomic and social behaviour is assessed in terms of
whether or not it respects those rights. Actions that
infringe individual rights cannot be justified by
appealing to some supposed improvement in the
level of social well-being. Libertarianism asserts the
primacy of processes, procedures and mechanisms
for ensuring that fundamental liberties and rights of
individual human beings are respected and sus-
tained. Rights are inherent in persons as individuals,
and concepts such as community or social rights are
not meaningful.

We will discuss the work of one influential liber-
tarian philosopher, Robert Nozick (1974). Nozick’s
intellectual foundations are in the philosophy of
John Locke, and in particular his principle of just
acquisition. Locke argued that acquisition is just
when that which is acquired has not been previously
owned and when an individual mixes their labour
power with it. For Locke, this is the source of ori-
ginal and just property rights.

Nozick extends this argument. He asks: when is
someone entitled to hold (that is, own) something?
His answer is: ‘Whoever makes something, having
bought or contracted for all other held resources
used in the process (transferring some of his hold-
ings for these co-operating factors), is entitled to it.’
So any holding is a just holding if it was obtained by
a contract between freely consenting individuals,
provided that the seller was entitled to dispose of
the object of the contract. (Some people will not be
entitled to their holdings because they were obtained
by theft or deception.) The key point in all of this is
free action. Distributions are just if they are entirely
the consequence of free choices, but not otherwise.

Libertarians are entirely opposed to concepts of
justice based on the consequences or outcomes. An
outcome cannot in itself be morally good or bad.
Libertarian moral philosophy is likely to drastically
limit the scope of what government may legitim-
ately do. For example, policy to redistribute income
and wealth (between people, between countries or
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between generations) in favour of the poor at the
expense of the rich requires taxation that is coercive,
and so unjust unless every affected person consents
to it. Government action would be limited to main-
taining the institutions required to support free con-
tract and exchange. Those who believe in a limited
role for government have adopted libertarianism
enthusiastically. However, it by no means clear that
a laissez-faire approach is necessarily implied by
libertarianism, as can be seen by considering the fol-
lowing three questions that arise from the notion of
just acquisition:

1. What should government do about unjust
holdings?

2. How are open access resources to be dealt
with?

3. How do external effects and public goods relate
to the concept of just acquisition?

If you are unfamiliar with them, the terms ‘open
access’, ‘external effects’ and ‘public goods’ are
explained in Chapter 5. You may want to come back
to questions 2 and 3 after reading that chapter.

3.3 Utilitarianism

Utilitarianism originated in the writings of David
Hume (1711-1776) and Jeremy Bentham (1748-
1832), and found its most complete expression in the
work of John Stuart Mill (1806—-1873), particularly
in his Utilitarianism (1863). The ethical basis for
modern normative economics is a particular variety
of utilitarianism, as we shall explain. ‘Utility’ is the
term introduced by early utilitarian writers for the
individual’s pleasure or happiness. Modern eco-
nomics still uses this term in that way. The term
‘welfare’ is used to refer to the social good, which
in utilitarianism, and hence welfare economics, is
some aggregation of individual utilities. For utilitar-
ians actions which increase welfare are right and
actions that decrease it are wrong.

Utilitarianism is a consequentialist theory of
moral philosophy — it is solely the consequences
or outcomes of an action that determine its moral
worth. In this it differs from motivist theory, accord-
ing to which an action is to be judged according to

its motivation (Kant was a motivist), and from deonto-
logical theory, according to which it is an action’s
inherent nature that makes it right or wrong. For a
utilitarian an action may be considered morally jus-
tified even if it is undertaken for unworthy reasons
and has a nature that might in some circumstances
be considered bad. For a utilitarian, the ends might
justify the means.

3.3.1 Anthropocentric utilitarianism

In order to make a utilitarian judgement we have,
among other things, to decide on the composition of
the set of entities over whom consequences count.
We have to decide who is to be considered in decid-
ing whether an action is right or wrong. The founding
fathers of utilitarianism took it as self-evident that
only individual humans were morally considerable,
that the set of entities over whom consequences
should count comprised only human beings. Modern
economists adopt the same anthropocentric position.
Indeed, in doing applied welfare economics they
often restrict the morally considerable set further,
and consider only the consequences for the human
citizens of a particular nation state.

The restriction to human beings is not a logical
necessity. We mentioned earlier a conclusion
reached by the philosopher Peter Singer. In his book
Practical Ethics (1993), Singer adopts what he
regards as being a utilitarian position. He argues that
utility is derived from gaining pleasure and avoiding
pain, and that since all sentient beings (by definition)
can experience pleasure or pain, all can be regarded
as capable of enjoying utility. Utility, that is, is a
characteristic of sentience, not only of humanity.
Singer concludes that the principle of judging
actions on the basis of their implications for utilities,
and hence welfare, is morally valid, but asserts that
weight should be given to non-human as well as
human utilities.

It needs to be noted here that the rejection of
Singer’s arguments for the extension of moral con-
siderability need not imply that the interests of
non-human entities are ignored. There are two
ways in which non-human interests could influence
decisions, notwithstanding that only human utilities
count. First, some humans suffer on account of what
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they regard as the suffering of non-human, mainly
animal, entities. Within the framework of anthro-
pocentric utilitarianism this kind of altruism would
entail that what the humans thought the interests of
the relevant entities were would be accounted for.
Second, humans use some renewable resources —
plants and animals — as inputs to production, and
prudent resource management would then imply
that some consideration be given to, at least, the
future availability of such. For both of these sorts of
reasons, some species of plants and animals ‘have
value’ to the humans who are directly morally con-
siderable. As we shall see throughout this book, it is
often the case that the values arising are not made
manifest in markets. An important area of resource
and environmental economics is about inducing
market systems of economic organisation to take
proper account of the ways — direct in the case of
altruism, indirect in the case of production use — that
what happens to these plants and animals affects
human utilities.

3.3.2 Preference-satisfaction utilitarianism

Given that we have decided that what is right and
wrong is to be decided by the consequences for
human individuals, there remains the question of
how we should decide which consequences are
good, i.e. utility-enhancing, and which are bad, i.e.
utility-diminishing. How should we decide, that
is, what is good for people? For the utilitarianism
that is the basis of normative economics, the answer
is that the affected people decide. If individual A
prefers a state of affairs identified by I to a state
of affairs identified by II, then according to the
preference-satisfaction utilitarianism of welfare eco-
nomics, I confers more utility on A than does II.
This is also known as ‘the doctrine of consumer
sovereignty’ — the economy should be ruled by the
wants of consumers.

Anthropocentric utilitarianism does not logically
entail consumer sovereignty. One could identify
individual utility with physical and mental health
rather than preference satisfaction. While this is log-
ically true, as a matter of terminological fact most
people take utilitarianism to mean self-assessment
according to preference. It is precisely because this

usage is so widespread that it is important to be clear
that an anthropocentric consequentialist theory of
ethics does not have to imply consumer sovereignty.
What is true is that the preference satisfaction/con-
sumer sovereignty version that economists employ
does, as we shall see, lend itself to formalisation and
quantification. It is also true, as we shall also see,
that it aligns well with the form of economic organ-
isation that has come to dominate human society —
the market. It is not, however, without critics, some of
whom are economists. We shall look at some of the
criticism of (preference-satisfaction) utilitarianism
after considering how it deals with social welfare.

3.3.3 From utilities to welfare

In utilitarianism, and hence welfare economics,
social welfare is some aggregation of individual
utilities. For utilitarians actions which increase wel-
fare are right and actions that decrease it are wrong.
We now need to consider precisely how to get from
utilities to welfare.

3.3.3.1 Cardinal and ordinal utility functions

One thing that is agreed by all utilitarians is that
social well-being, i.e. welfare, is some function of
the utilities of all relevant persons. We shall exam-
ine shortly what form or forms this function might
take. But whatever the answer to this, we can only
obtain such an aggregate measure if individual utilit-
ies are regarded as comparable across persons.

For an individual, a utility function maps states of
the world into a single number for utility. In eco-
nomics, states of the world are usually represented
in terms of levels of the individual’s consumption of
various goods and services. In that case, we have

U=sUX,Xor o Xy o0 Xy)

where U is the utility measure and the arguments of
the function X; are the levels of consumption of the
1,2,..., N goods and services. The arguments of a
utility function can, however, include, for example,
consumptions by other human economic agents, or
states of the environment. We shall be looking at
the latter of these in some detail in Chapter 12. For
the present, we will work with situations where the
arguments are just own levels of consumptions.
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We now need to make the distinction between a
cardinal and an ordinal measure of utility. Cardinal
data are numerical observations where all the stand-
ard operations of arithmetic — addition, subtraction,
multiplication and division — make sense. Examples
of cardinal data are observations on height, weight
and length. If John weighs 100 kg and Jane weighs
70 kg, it makes sense to say that John is 30 kg heav-
ier than Jane, and weighs 1.4286 times as much.
Ordinal data are numerical observations where rank-
ing is possible, but the standard operations of arith-
metic do not apply. Street numbers are an example
— from number 10, number 30 is known to be further
away than number 20, but it is not known to be twice
as far away. Note that we could multiply street num-
bers by a constant and this would not change their
information content — it is only the ordering by
number that means anything.

If we want to aggregate meaningfully over indi-
vidual measures of utility, those measures must be
cardinal. Suppose that we have two individuals A
and B, that A’s utility is 10 and B’s is 5, and that it
is agreed that simple addition is the way to aggreg-
ate. In that case, welfare is 15 utils. But, if the mea-
sures are ordinal, we could just as well say that B’s
utility is 50, in which case welfare is 60 utils. More
to the point, it is then 5 times that of A, whereas for-
merly it was 0.5 times that of A. It is as if we were
using the highest street numbers used in each case to
determine the lengths of two streets.

In doing positive economics, economists have
established that preference orderings can be repres-
ented by ordinal utility functions, from which the
standard propositions of demand theory can be
derived. Put this the other way round. Demand the-
ory does not need cardinal measurement of utility —
it only needs ordinal measurement. There is, then,
no basis for interpersonal utility comparisons. We
cannot observe the circumstances and behaviour of
A and B and properly say that A is experiencing
more utility than B, or vice versa.

Given this, economists would prefer not to have
to make interpersonal comparisons when doing norm-
ative economics, and have spent some time trying
to devise ways of avoiding the need to do so. This
area of welfare economics, referred to as compensa-
tion tests, is discussed fully in Chapter 5 below.
Here we just sketch the essentials. Suppose that we

are considering some change to economic arrange-
ments such that the consumption levels for A and B
change. If both get to consume more of everything,
the standard assumptions of positive demand theory
have both better off, and we do not need to make
interpersonal comparisons to conclude that welfare
is improved by the change. Changes such as this are
not typical.

Typically, any proposed change will make one of
A or B better off, increase A or B’s utility, while
making the other worse off, experience lower uti-
lity. How now do we decide whether the change is
desirable? The obvious thing to do is to add the util-
ity changes, possibly using weights, and see if the
answer is positive or negative, concluding that the
change is desirable if we get a positive answer. But,
given that interpersonal utility comparisons are
inadmissible, this we cannot do. A way round this is
to say that the change is desirable — is welfare-
improving — if it is such that, according to her
evaluation, the gainer from the change would be
better off after it and fully compensating the loser,
according to his evaluation, for the change. This
would be what is known as a ‘Pareto improvement’
— a change where at least one person gains and
nobody loses.

Now, while this way of proceeding does avoid
the need for interpersonal comparisons, it is not
of much actual use. If economists restricted them-
selves to advising on policy on the basis of the
Pareto improvement test, they would not have a lot
to say. They would only be able to say anything
about changes where either everybody was a winner,
or the winners had to compensate the losers. Com-
pulsory compensation is not a feature of many
policy changes that governments seek advice on.
In order to widen the scope for giving advice, eco-
nomists came up with the idea of the ‘potential
Pareto improvement’ test. According to this, a
change is desirable if the gainers could compensate
the losers and still be better off. Actual compensa-
tion is not required. As shown in Chapter 5, although
widely used in applied welfare economics, potential
compensation tests do not solve the problem. If
economists want to identify changes that are welfare-
improving then they need to aggregate over indi-
vidual utilities, making interpersonal comparisons,
and that requires cardinal utility functions. There are
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basically two ways that economists have responded
to this fundamental problem for the practice of
normative economics. The first is to opt for a more
limited basis on which to offer advice. As discussed
in Chapter 5, much of the advice that economists do
offer is based on efficiency rather than welfare cri-
teria. The second is to treat utility functions as if they
were cardinal and go ahead and work with functions,
known as social welfare functions, that aggregate
over utilities to produce welfare measures. It is this
second approach that we now explore.

3.3.3.2 Social welfare functions and distribution

Consider a hypothetical society consisting of two
individuals, A and B, living at some particular point
in time. One good (X) exists, the consumption of
which is the only source of utility. Let U* denote the
total utility enjoyed by A, and U® the total utility
enjoyed by B, so we have

UA — UA( XA)

3.1)

UB - UB( XB)
where X* and X® denote the quantities of the good
consumed by A and B respectively. We assume
diminishing marginal utility, so that

U = dUA/dX* > 0 and Uy = d2U*/dX* <0
and
U2 =dUB/dX® > 0 and UZ, = d*UB/dX® < 0

In general, utilitarianism as such does not carry any
particular implication for the way output should be
distributed between individuals in a society. Gen-
erally, social welfare, W, is determined by a function
of the form

W=WU*, U®) (3.2)

where W, = oW/QU* > 0 and W, = oW/9U® > 0 so
that social welfare is increasing in both of the indi-
vidual utility arguments. Here, welfare depends in
some particular (but unspecified) way on the levels
of utility enjoyed by each person in the relevant
community. This social welfare function allows us
to rank different configurations of individual utilities
in terms of their social worth.

Assume, to make things simple and concentrate
on the essentials here, that there is a fixed total

quantity of the good, denoted X. (Analysis of cases
where the total quantities of two consumption goods
are variable are considered in Chapter 5.) Consump-
tion, and hence utility levels, for A and B are chosen
so as to maximise welfare. X* and X® are chosen,
that is, to maximise

W=WU*, U®)

given U* and U® determined according to equations
(3.1) and subject to the constraint that

XA +XP=X
It is shown in Appendix 3.2 (using the Lagrange

method outlined in Appendix 3.1) that the solution
to this problem requires that

WU = W,UB (3.3)

This is the condition that the marginal contributions
to social welfare from each individual’s consump-
tion be equal. What this means is that the con-
sumption levels for each individual will vary with
the utility function for each individual and with the
nature of the social welfare function 3.2.

A widely used particular form for the function 3.2
has W as a weighted sum of the individual utilities,
as in

W =w, UMNX™ + waUB(X®) (3.4)

where w, and wy are the, fixed, weights. These
weights reflect society’s judgement of the relative
worth of each person’s utility. In this case the condi-
tion for the maximisation of social welfare is

WAUQZZWBUE

A further specialisation is to make the weights equal
to one, so that social welfare is a simple sum of util-
ities of all individuals. For this special case we have

W=U*+UB (3.5)

Figure 3.1 illustrates one indifference curve, drawn
in utility space, for such a welfare function. The
social welfare indifference curve is a locus of com-
binations of individual utilities that yield a con-
stant amount of social welfare, W. The assumption
that the welfare function is additive implies that
the indifference curve, when drawn in utility space,
is linear. In the case of equal welfare weights the
condition for the maximisation of social welfare,
equation 3.3, becomes
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Figure 3.1 An indifference curve from a linear form of
social welfare function

Us=U" (3.6)

which is the equality of the individuals’ marginal
utilities. This still does not tell us how goods should
be distributed. To find this, we need some informa-
tion about the utility function of each individual.
Consider the case where each person has the same
utility function. That is,

U*=UNXY = UXY

(3.7

UP=U%X") =U(X")

It is then easy to see that in order for marginal util-
ity to be equal for each person, the consumption
level must be equal for each person. An additive
welfare function, with equal weights on each per-
son’s utility, and identical utility functions for each
person, implies that, at a social welfare maximum,
individuals have equal consumption levels.

The solution to the problem with equal weights
and identical utility functions is illustrated in Fig-
ure 3.2. Notice carefully that the diagram is now
drawn in commodity space, not utility space. Under
the common assumption of diminishing marginal
utility, the linear indifference curves in utility space
in Figure 3.1 map into welfare indifference curves
that are convex from below in commodity space.
The curves labelled W,, W, and W, are social welfare
indifference curves, with W, < W, < W,. Remember
that we assume that there is a fixed quantity X of
the good available to be distributed between the
two individuals. Maximum social welfare, W,, is
attained at the point Z where the consumption levels

XA

1
1
1
|
(|
|
1
1
|
(|
|
1
1
1
B

XB* XB

Figure 3.2 Maximisation of social welfare subject to a
constraint on the total quantity of goods available

enjoyed by each person are X** and X®*. The max-
imised level of social welfare will, of course, depend
on the magnitude of X. But irrespective of the level
of maximised welfare, the two consumption levels
will be equal.

In the example we have just looked at, the result
that consumption levels will be the same for both
individuals was a consequence of the particular
assumptions that were made. But utilitarianism does
not necessarily imply equal distributions of goods.
An unequal distribution at a welfare maximum may
occur under any of the following conditions:

1. The SWF is not of the additive form specified in
equation 3.4.

2. The weights attached to individual utilities are
not equal.

3. Utility functions differ between individuals.

To illustrate the third condition, suppose that the
utility functions of two persons, A and B, are as
shown in Figure 3.3. The individuals have different
utility functions in that A enjoys a higher level of
utility than individual B for any given level of con-
sumption. We still assume that the social welfare
function is additive with equal weights, so that equal
marginal utilities are required for welfare maximisa-
tion. Because of that difference in the utility functions,
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Figure 3.3 Maximisation of social welfare for two individuals with different utility functions

the marginal utilities of the two individuals can only
be equal at different levels of consumption. In inter-
preting the diagram recall that the value of marginal
utility at a particular level of consumption is indic-
ated by the slope of the (total) utility function at that
point.

The outcome shown in Figure 3.3 illustrates
something of a paradox. Individual B is less efficient
at turning consumption into utility than individual
A. The result then of using a simple addition of util-
ities is that she gets less allocated to her. Suppose
that B is that way because she suffers from depres-
sion. Would we then want to say that utilitarianism
with equal weights is fair? This illustrates an import-
ant general point about ethical theorising. As well as
considering the apparent desirability of the adopted
principles as such, it is also necessary to consider
explicitly what the principles imply in different
circumstances.

3.4  Criticisms of utilitarianism

There is, of course, much criticism of the utilitarian
approach to ethical theory. As noted already, there
are other, non-consequentialist, theories of ethics,
which criticise utilitarianism if only by implication.
In this section we look first at one influential recent
contribution to moral philosophy which is concerned

with utilitarianism generally, and then at some criti-
cisms directed primarily at the preference-satisfaction
utilitarianism that is the basis for modern welfare
economics.

3.4.1 Rawls: a theory of justice

The work of John Rawls in A Theory of Justice
(1971) has influenced the consideration given by
economists to ethical issues. Rawls’s work chal-
lenges classical utilitarianism, where welfare is the
simple sum of individual utilities. His objection is
grounded in the following assertion. Being indif-
ferent to the distribution of satisfaction between
individuals (and only being concerned with the sum
of utilities), a distribution of resources produced
by maximising welfare could violate fundamental
freedoms and rights that are inherently worthy of
protection.

In common with many moral philosophers,
Rawls seeks to establish the principles of a just
society. Rawls adopts an approach that owes much
to the ideas of Kant. Valid principles of justice are
those which would be agreed by everyone if we
could freely, rationally and impartially consider just
arrangements. In order to ascertain the nature of
these principles of justice, Rawls employs the device
of imagining a hypothetical state of affairs (the
‘original position’) prior to any agreement about
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principles of justice, the organisation of social insti-
tutions, and the distribution of material rewards and
endowments. In this original position, individuals
exist behind a ‘veil of ignorance’; each person has
no knowledge of his or her inherited characteristics
(such as intelligence, race and gender), nor of the
position he or she would take in any agreed social
structure. Additionally, individuals are assumed to be
free of any attitudes that they would have acquired
through having lived in particular sets of circum-
stances. The veil of ignorance device would, accord-
ing to Rawls, guarantee impartiality and fairness in
the discussions leading to the establishment of a social
contract. Rawls then seeks to establish the nature of
the social contract that would be created by freely
consenting individuals in such an original position.

He reasons that, under these circumstances, peo-
ple would unanimously agree on two fundamental
principles of justice. These are

First: each person is to have an equal right to the
most extensive basic liberty compatible with a
similar liberty for others.

Second: social and economic inequalities are to
be arranged so that they are both (a) reasonably
expected to be to everyone’s advantage, and (b)
attached to positions and offices and open to all.

It is the second principle, the Difference Principle,
that is of interest here. The Difference Principle
asserts that inequalities are only justified if they
enhance the position of everyone in society (if
they lead to Pareto improvements).' The Difference
Principle has been interpreted as a presumption in
favour of equality of position; deviations from an
equal position are unjust except in the special cases
where all persons would benefit (or perhaps where
the least advantaged benefit). Economists have tried
to infer what a Rawlsian position would imply for
the nature of a social welfare function (SWF).2

One approach has been to argue that a Rawlsian
position can, for the case of two individuals, be rep-
resented by an SWF of the form:

UA

=

b W= min(UA UB)

45°

UB

Figure 3.4 Rawlsian social welfare function indifference
curve

W =min(U*, U®) (3.8)

This says that W is equal to whichever is the smaller
of U* and U®, that W is the minimum of U* and U®.
Two SWF indifference curves from such a function
are illustrated in Figure 3.4. As the utility level of
the least advantaged person determines welfare, a
Rawlsian SWF implies that raising the utility of
the person with the lowest utility level will increase
welfare. Compare the two points labelled b and ¢ in
Figure 3.4, which by virtue of lying on one indiffer-
ence curve generate identical levels of social wel-
fare. Starting from point b, reallocate utility between
persons, by subtracting (b — d) utility from person B
and adding this to person A. The point labelled e
will have been attained on another indifference
curve with a higher level of social welfare. It is clear
that the only combinations of utility for which
higher welfare levels are not possible through inter-
personal transfers of utility are those which lie along
the 45° ray from the origin. Along this locus, utility
is allocated equally between individuals. So, for any

* Rawls sometimes seems to advocate a rather different position,

however, arguing that inequalities are justified in particular when
they maximally enhance the position of the least advantaged per-
son in society.

2 However, one could argue that such an attempt forces Rawls’s
theory into a utilitarian framework — something of which he would
probably strongly disapprove.
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Table 3.1 Consumption welfare weights

X*=10, X*=1 X*=100,X2=1
o Wxa Wyg Wxa Wys
'h 0.3612 1 0.1 1
Ya 0.1778 1 0.0316 1
0 0.1 1 0.01 1
~'h 0.0316 1 0.001 1
-1 0.01 1 0.0001 1
-2 0.001 1 0.000001 1

given total amount of utility, a Rawlsian social
welfare function implies that, whenever utility levels
differ between individuals, it is possible to increase
social welfare by redistributing utility from indi-
viduals with higher utility to those with lower utility.
An egalitarian distribution is implied by this logic.

Another approach to representing a Rawlsian con-
cern for the worst-off within a utilitarian framework
retains the simple additive welfare function, but
specifies the utility functions in a particular way. If
all individuals have the same utility function,

1
U=—X*"
o

witha <1l and o=#0

so that marginal utility is positive, including cases
for which o < 0, and declining with increasing con-
sumption. For the two-person case, with this utility
function the simple additive welfare function becomes

W= l(XA)O‘ + l(XB)“ (3.9)
o o

and the consumption of the worse-off individual
gets a larger weight. The relative weight accorded to
increases in consumption for the worse-off indi-
vidual increases as the degree of inequality between
the individuals increases, and as o0 — —. For B as
the worse-off individual this is shown mathematic-
ally in Appendix 3.2, and illustrated in Table 3.1
where Wy, = oW/0X* and Wy, = 0W/0X5.

3.4.2 Criticisms of preference-based
utilitarianism

The basic idea involved in the version of utilitarian-
ism that is the basis for welfare economics is that
individuals® preferences are the measure of social
welfare. Subject to the constraints given by the

availability of resources and technological possibil-
ities, people should get what they want. Social wel-
fare improves when people get more of what they
want. Economics does not inquire into the determin-
ants of individuals’ preferences, which are taken as
given. Economics does not involve questions about
what is good for people. The answer implicit in eco-
nomics to such questions is that individuals are the
best judge of what is good for themselves, so that
their preferences tell us what is good for them.

Criticism of this, consumer sovereignty, approach
to social welfare has come from some economists,
as well as many non-economists. Not all of the
criticism is well founded. One frequently finds non-
economists claiming that economics assumes that
individuals only care about their own consumption
of produced goods and services. This claim is wrong,
though some introductory economics texts do not do
very much to counter the impression that supports it.
In fact, the utility functions used in welfare eco-
nomic analysis can, and do, include, for example,
arguments which are indicators of the state of the
environment. What is true is that market systems do
not work very well where individuals have prefer-
ences over things other than produced goods and
services. But, as we shall be working through in
many subsequent chapters, one of the major con-
cerns of welfare economics is to devise policies to
make market systems work better in such circum-
stances. In regard to preferences over the state of
the environment, economists have devised a whole
range of policies and techniques which they claim
can make market systems perform better according
to consumer sovereignty criteria.

Critics of consumer sovereignty are on firmer
ground when, on informational grounds, they ques-
tion the assumption that people always know what is
good for them, that their preferences reflect their
true interests. The questions raised can be broadly
classified as being of two kinds. First, taking pre-
ferences as given and truly reflecting interests, is it
reasonable to assume that people generally have
enough information to properly assess the con-
sequences for their own utility of the various altern-
atives open to them? Second, is it reasonable to
assume generally that, in a world where socialisation
processes and advertising are pervasive, people’s
preferences do truly reflect their interests? Here, all
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that space permits is that we raise these questions.
Readers interested in answers should follow some of
the suggestions in the Further Reading section at the
end of the chapter. Some aspects of these questions
as they arise in the particular context of applying
welfare economics to environmental issues will be
covered in Chapters 11 and 12.

One economist who has written extensively about
the utilitarian basis for economics is the Nobel
laureate Armatya Sen — see especially Sen (1987).
According to Sen, persons have a fundamental dual-
ism, being concerned with the satisfaction of their
own preferences and also pursuing objectives which
are not exclusively self-interested. Individuals exist,
that is, as both ‘consumers’ and ‘citizens’. In regard
to concern for others, altruism, for example, Sen dis-
tinguishes between ‘sympathy’ and ‘commitment’.
Sympathy is where my concern is reflected in the
arguments of my utility function, so that if some
change improves the lot of the relevant other(s) my
own utility increases. Commitment is where my
concern is based on my ethical principles, and to the
extent that [ am committed to other(s) I may approve
of some change even though it reduces my own
utility. For some people, that is, activity may be
directed to pursuing goals that do not affect the argu-
ments of their utility functions. This does not in
itself imply that utilitarianism should be abandoned,
but rather that its practice is more problematic than
many economists recognise. We shall return to this
sort of argument in relation to social decisions about
the environment in Chapter 11.

3.5 Intertemporal distribution

Many of the issues with which we deal in this text
involve choices with consequences that extend over
time. Such choices are said to have an ‘intertemporal’
dimension. Where we deal only with current con-
sequences we are doing an ‘intratemporal’ analysis.
Thus far in this chapter we have been looking at

utilitarianism as the ethical basis for intratemporal
normative economics. Most economists also approach
normative intertemporal issues on the basis of util-
itarianism, in the manner to be considered in this
section. It should be noted, however, that while there
is fairly general agreement about the general frame-
work for analysis, there is considerable disagree-
ment about what exactly its implications are for
policy. Chapter 11 is also largely about intertemporal
welfare economics, and we shall make reference here
to results that will be established in that chapter.
The treatment here is in the nature of an introductory
overview of intertemporal distribution issues.

In order to keep the analysis reasonably simple,
and to focus clearly on intertemporal ethics, we will
adopt a practice widely followed in this area of eco-
nomics. We will think about time in terms of suc-
cessive generations of humans. We will assume that
the size of the human population is constant over
time, and that we can consider each generation in
terms of a single representative individual from it.*
What we are then thinking about is how the cur-
rent generation would behave with respect to future
generations if it followed the prescriptions that
derive from a particular ethical position, in this case
utilitarianism, on how to make choices with con-
sequences for future generations.

3.5.1 The utilitarian intertemporal social
welfare function

In the intertemporal case, as in the intratemporal
case, the implications of utilitarianism are examined
by looking at the maximisation, subject to the appro-
priate constraints, of the function that maps utilities
into welfare. We begin, therefore, with the specifica-
tion of the intertemporal social welfare function.
Initially, we consider just two generations. This
will allow us to use the same general form of nota-
tion as when looking at two individuals at a point in
time. Generation 0 is the present generation; genera-
tion 1 represents the one which follows. Then U, and

®  An alternative interpretation of the formal analysis that follows

could be that we are looking at a single representative individual
who lives through successive time periods. This interpretation be-
comes less appealing as the number of periods being considered

increases. Individuals are definitely mortal (lifespan currently of the
order of 100 years), whereas human society may persist for such
a long time (of the order of 1 000 000 years) that its end could
effectively be indefinitely far into the future.
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U, denote the utility enjoyed by (the representative
individual from) generations O and 1, respectively.
W now denotes intertemporal social welfare (or,
alternatively, intergenerational social welfare). In
general terms an intertemporal social welfare func-
tion can then be written as*

W=wWU,, U)

The specific functional form usually employed by
utilitarianism is

W= Uy + 0,U, (3.10)

so that W is a weighted average of the utilities for
each generation, where ¢, and ¢, are the weights
used in summing utility over generations to obtain a
measure of social welfare. The utilitarian approach
to intertemporal questions is typically further spe-
cialised by having the weights in equation 3.10
take a particular form. It is usual to set ¢,= 1 and
¢, = 1/(1 + p), where p is the utility discount rate.
Equation 3.10 then becomes

U,
W=U+——

3.11)
1+p

Time discounting, for p > 0 as generally assumed,
means that future utility ‘counts for less’ than the
same quantity of present utility in obtaining a meas-
ure of intertemporal welfare. In this formulation,
the value of a small increment of utility falls as its
date of receipt is delayed. Thus if one unit of utility
received by the next generation were regarded as
less valuable by a proportion of 0.1 (i.e. 10%)
than one unit of utility received this period, then
1/(1+p)=0.9.

Before looking at the justification for this kind of
discounting, it will be useful to note some general-
isations and modifications of the foregoing widely
encountered in the literature and subsequently used
in this book. First, write

1 1 1

= U, + Uu+...+ —
a+p° " A+pt d+p” "
=T 1

=y ——U, (3.12)
o1 +p)

This is equivalent to equation 3.11 but for the fact
that welfare is being summed not over two periods
but over T + 1 periods (i.e. period 0, the present
period, through to period 7). In many problems we
shall be investigating an infinite time horizon will be
used, in which case equation 3.12 will become

—_ < 1
S+ py

It will often be convenient to work with the con-
tinuous time version of equation 3.13, which is

U, (3.13)

=00

W= j Uedt (3.14)

=0

3.5.1.1 Why discount future utility?

What is the ethical basis for discounting future
utility? Some economists argue it is necessarily
implied by the logic of the preference satisfaction
variant of utilitarianism. Individuals as consumers
are observed to exhibit positive time preference in
that they require an incentive, in the form of the
payment of interest, to postpone consumption, and
hence utility, by saving. It follows from consumer
sovereignty, it is argued, that in thinking about
how society should make intertemporal choices, we
should work with positive time preference in the
form of p > 0.

Other economists argue that society should not
adopt the preferences of individuals in this way. One
version of this argument is a special case of a more
general argument of the same nature. We noted
above Sen’s distinction between the individual’s
roles as consumer and citizen. This can be applied
in the intertemporal context. As citizens exhibiting
commitment toward others, future generations in
this case, individuals would not necessarily wish to
discount the future at the same rate as they do when
considering the distribution of their own utility over
time. Another version of the argument is specific to
the intertemporal context. Pigou (1920), for example,
argued that individuals suffer from a ‘defective tele-
scopic faculty’, taking decisions now on the basis of

4

Note that we are ignoring the intratemporal distribution of utility. This is fairly standard in the literature, but see Broome (1992).
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an underestimate of the utility of future consump-
tion. There is, the argument goes, no reason to carry
this myopia into social decision making.

Many people argue that in comparing utilities over
successive generations, the only ethically defensible
position is that utilities attaching to each generation
should be treated equally, implying a zero rate of
utility discounting, p = 0.

One argument that has been used to justify a pos-
itive utility discount rate is that there is, for every
point in time in the future, a positive probability that
the human species will become extinct. Presumably
this probability is very small, but one would expect
it to increase as the length of time into the future
extends. One may take the view that future genera-
tions should be given less weight than the present,
given that we cannot be certain of the existence of
any future generation.

Another argument for a positive utility discount
rate is based on our observation above that in con-
sidering ethical prescriptions one needs to examine
their consequences in varying circumstances. As we
shall see below when we look at optimal growth
models, the prescription of a zero utility discount
rate could have consequences that are the opposite
of what would correspond to most people’s notion of
intergenerational equity.

3.5.1.2 The arithmetic of discounting

Discounting is controversial. As just discussed, there
are disagreements at a fundamental level about how
the utility discount rate should be determined, and
particularly about whether it should be zero or some
positive number. Another reason for the existence of
controversy lies in the arithmetic of discounting.
Given that intergenerational distribution is to be
determined by the maximisation of W, utility dis-
counting might be described as discriminating against
future generations, by giving their utility levels less
weight in the maximisation exercise. It is this fea-
ture of discounting which leads many to regard any
positive discount rate as ethically indefensible.
Table 3.2 provides some numbers that indicate
what is involved. The rows refer to the futurity of
a generation, the columns to values for the utility
discount rate p. The entries in the body of the table
give the present value of utility of 100 for the given

Table 3.2 The arithmetic of discounting

Discount rates

Generation 0.10 0.25 0.50 1.00
1 90.91 80.00 66.67 50.00
2 82.65 64.00 44.44 25.00
3 75.13 51.20 29.63 12.5
4 68.30 40.96 19.75 6.25
5 62.09 32.77 13.17 3.13
10 38.55 10.73 1.73 0.10
50 0.85 0.001 0.0000002  0.0000000000001

generation at the given discount rate. The present
value is

_U
1+ py

that is what the rth generation’s utility counts for in
a simple summation across generations. It is what
future utility is treated as being worth in welfare
terms now. Thus, in Table 3.2 we see that at p =
0.10, 100 for the next generation contributes 90.91
to the current assessment of welfare, while 100 for
the fiftieth of future generations contributes just
0.85, approximately one-hundredth of what the next
generation’s utility counts for. For p = 0.5, 100 for
the fifth of future generations has a present value of
just 13.17, 100 for the tenth has a present value of
less than 2, and the fiftieth generation is effectively
totally ignored. For p = 1.0, the present value of 100
for the fifth future generation is 3.13.

Now, these discount rates refer to generations.
Most discussion, including our own below, of
numerical values for discount rates is actually about
rates which refer to periods of one year. Suppose
that a generation spans 35 years, so that looking a
century ahead is equivalent to thinking in terms of
the next three generations. Then Table 3.3 shows the
annual discount rates corresponding to the genera-
tional discount rates shown in Table 3.2, together
with the generational rates implied by some other
annual rates. The entries in Table 3.3 are calculated
by solving

u U
1+x0% 1+y

for the annual rate x with y as the given generational
rate, or for y as the generational rate with x as the
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Table 3.3 Generational and annual discount rates

Discount rates

Generational Annual
0.10 0.0027
0.25 0.0064
0.50 0.0116
1.00 0.0200
1.81 0.03
2.95 0.04
4.52 0.05

27.10 0.10

given annual rate. Note that p = 0.0116 per annum,
for example, is otherwise stated as 1.16% per year.
Taking Tables 3.2 and 3.3 together, it is clear that
even at low annual rates of discount little weight is
given to the utility of future generations. An annual
rate of 2% means that the present value of 100 of
utility for the first future generation is 50, for ex-
ample, that the present value of 100 for the third
generation is 12.5, and that the utility of the tenth gen-
eration is almost completely ignored, or discounted.

3.5.1.3 Utility and consumption discount rates

In order to produce reasonably simple models for
the analysis of intertemporal distribution, economists
typically assume that the representative individual’s
utility depends only on her aggregate consumption,
denoted by C, as in

U,=U(C) (3.15)

As regards the form of equation 3.15, the standard
assumption is diminishing marginal utility, as shown
in Figure 3.5. For

W=WU,, U,...,U,...) (3.16)

equation 3.15 means that W is a function of C at
different dates, as in

W=FC,,C,,....,C,...) (3.17)

Now, if equation 3.16 involves discounting and
takes the form that we have been using here, i.e.
equation 3.14, which is

=00

W= j Ue™dt

=0

c

Figure 3.5 Utility as a function of aggregate consumption

then clearly the function 3.17 is also going to
involve discounting, but of future consumption
rather than future utility.

The relationship between the utility discount rate
and the rate at which consumption is discounted is
explored in Chapter 11. It is conventional to use r as
the symbol for the consumption discount rate. It is
important to note that, despite the use of this nota-
tion, the consumption discount rate is not, as the
utility discount rate is, a constant. In Chapter 11 it is
shown that

r=p+mng (3.18)

where 1 is the elasticity of the marginal utility of
consumption and g is the proportional growth rate of
consumption, i.e.

__@URCcHC
- 9u/C

For p constant, r varies with the level of C and its
growth rate. Note that for diminishing marginal util-
ity, as is assumed, 9*U/9C? < 0, so that 1) is positive.

In fact, in the application of welfare economics,
discounting is most often discussed in terms of
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consumption-discounting — see Chapter 11 here, on
cost-benefit analysis, for example. As equation 3.18
shows, discounting the value of future consumption
— treating X of next period consumption as worth
X/(1 + r) now when thinking about intertemporal
distribution — need not entail utility-discounting.
Unless m and/or g is equal to zero, r exceeds p so
that p = 0 is consistent with » > 0. Equation 3.18
indicates that there are two reasons for discounting
future consumption:

m because future utility is treated as being worth
less than current utility, the first term;

m because it is believed that consumption will be
higher in the future, the second term.

Even if one were to accept that p should be zero,
this does not necessarily imply that the consumption
discount rate will necessarily be zero — the term
n C/C may be non-zero. To many people, this is an
intuitively reasonable conclusion. It seems reason-
able, that is, to think about intertemporal distribu-
tion on the basis that if an economy is experiencing
growth in income and consumption through time,
then an additional unit of consumption will be worth
less to a typical person in the future than to such a
person now, as the former will be more affluent.
This has nothing to do with discounting future utility.

3.5.1.4 What numbers should be used?

The arithmetic of discounting applies to both con-
sumption and utility discount rates. As we have
seen, the arithmetic is very powerful in reducing
the weight given to the future in making current
decisions. As Tables 3.2 and 3.3 indicate, the cur-
rent worth given to utility of 100 one century ahead
varies from 75.13 for an annual discount rate of
0.27% to 12.5 for 2.0%. The choice of a value to use
as the discount rate is very important when thinking
about intertemporal distribution.

For applied economics, as we have noted, discus-
sion of discounting is mainly in terms of the annual
consumption discount rate. There are basically two
approaches to deciding what number should be used
for the consumption discount rate. The prescriptive

approach starts from first principles, and equation
3.18. The descriptive approach, in the spirit of
preference-satisfaction utilitarianism, starts from
observations of what people actually do.’

In order to follow the prescriptive approach, we
need numbers for p, 1 and g. None of these are read-
ily observable. The utility discount is not observable
even in principle — the value to be assigned to it is
a purely ethical question. An approximation to the
elasticity of marginal utility could, in principle, be
estimated from data on behaviour, but the widespread
view that 1 should be taken as lying in the range 1
to 2 is based on guesstimation rather than estimation.
Since g is the consumption growth rate of the econ-
omy over the relevant planning horizon, a value for
it is an estimate, or guesstimate, of future economic
performance. Suppose we take the view that utility
should not be discounted, that n is 1.5 and that the
economy will grow at the rate 0.04, i.e. 4% per
annum. Then, according to equation 3.18, we should
discount consumption at 0.06 or 6% per annum. For
the same p =0 and n = 1.5, g = 0.02 gives r = 0.03.
If we were agreed that future utility should be dis-
counted at p =0.02, thenm = 1.5 and g = 0.02 gives
r = 0.05. Clearly, reasonable economists could rea-
sonably disagree on the question of the value for r
that emerges from the prescriptive approach.

About all that can be said is that advocates of the
prescriptive approach (who tend to argue for p = 0)
tend to come up with smaller numbers for the con-
sumption discount rate than do those who follow the
descriptive approach. The basic idea in the descript-
ive approach is that there are markets in which indi-
viduals’ intertemporal consumption preferences are
revealed. These are the markets through which bor-
rowing and lending are effected, in which interest
rates are observed. Such markets will be considered
in a little detail in Chapter 11. For present purposes,
the important point is that in an ideal world we could
observe a rate of interest that would correspond both
to individuals’ consumption rate of discount and to
the marginal rate of return on investment. According
to the descriptive approach, this is the rate which we
should use as the consumption discount rate for
social decision making.

5

The prescriptive /descriptive distinction is made in Arrow et al. (1996).
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A major problem that the descriptive approach
faces is that investment rates of return are, in fact,
generally higher, in some cases considerably higher,
than market rates of interest which are assumed to
reflect individuals’ consumption discount rate. The
question arising is: which to use? Economists are
divided on this. The main issues are discussed in
Chapter 11. Most would agree that in principle the
lower market rate of interest should be used, but
many argue that in practice it is necessary to use the
higher rate of return on investment. In that case one
is looking at a rate perhaps as high as 8%.

This is one of the more controversial areas of eco-
nomics. Within economics there are disagreements
about fundamentals, as well as about details aris-
ing in practical application. Many non-economists
take the view, especially where the environment is
involved, that using a positive discount rate is sim-
ply wrong because of the way in which it attaches
less weight to the interests of future generations. In
fact, as we have seen, one could legitimately argue
for a positive rate of consumption discount even if
one did not attach less weight to the utility of future
generations. As we shall see in the following sec-
tion, it is not even completely clear that it is obvi-
ously wrong to discount future utility.

3.5.2 Optimal growth

Thus far in considering the utilitarian, and hence the
economic (in the most part), approach to matters
intertemporal, we have looked at things from the
consumption and utility perspective, in which the
big thing is impatience. For preference-satisfaction
utilitarianism, the reason for discounting is that indi-
viduals prefer consumption now to consumption in
the future. There is another perspective to matters
intertemporal, that of production, and the shifting
of consumption, and hence utility, over time by the
accumulation and use of capital. Just as economists
take it as a major given, or stylised fact, that people
are impatient, so they take it as a stylised fact that
capital accumulation is productive in the sense that
a unit of consumption forgone now for capital

accumulation will pay off with more than one unit
of future consumption. The study of optimal growth
is the study of the interaction between impatience
and productivity.

3.5.2.1 The basic model

The simplest exercise in optimal growth modelling
is to find the path for consumption over time that
results in

W=J=00U(C,)e“”dt (3.19)

=0
taking the maximum value that is feasible, given the
constraint that

K=0()-C, (3:20)

Equation 3.19 is just the utilitarian social welfare
function that we have already spent some time look-
ing at, and exhibits impatience. In the constraint
3.20, K stands for capital and K is the time derivat-
ive of K, i.e. the rate of investment. In this simple
model, output is produced using just capital accord-
ing to Q(K,).° The marginal product of capital is
positive but declining, i.e.

2
Q,(=g>0and QKK=8Q’

<0
oK, oK?

Output can be either consumed or invested. The
pay-off to investment follows from the positive
marginal product of capital — a small amount of out-
put invested today carries a cost in terms of current
consumption of dC, but adds an amount larger than
dC to future consumption possibilities.

This model is examined in some detail in Chap-
ters 11 and 14. Here we just state one of the con-
ditions that describes the optimal path for C,, and
briefly discuss its intuition and implications. The
condition is

& =p -0

Ue

(3.21)

The left-hand side here is the proportional rate of
change of marginal utility, and along the optimal

6

Having output depend on just capital input, rather than on inputs of capital and labour, simplifies the analysis and exposition without

losing anything essential. Recall that we are assuming that the population size is constant.
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Figure 3.6 Optimal consumption growth paths

consumption path this is equal to the difference
between the utility discount rate and the marginal
product of capital. The former is a constant para-
meter, while the marginal product of capital falls as
the size of the capital stock increases.

Panel a of Figure 3.6 shows the nature of the
optimal consumption path that equation 3.21 charac-
terises, given the standard assumptions. Initially the
capital stock is small and its marginal product is
high. So long as QO > p, the right-hand side of equa-
tion 3.21 is negative, and given diminishing mar-
ginal utility U-/U, < 0 implies that consumption is
increasing. This makes sense as the pay-off to defer-
ring consumption, Q, is more than the cost of defer-
ring it, p, so capital is accumulated, increasing
output and consumption. As the size of the capital
stock increases, so Qy falls. For Q = p the left-hand
side of equation 3.21 is zero, so that growth and cap-
ital accumulation cease. Panel a of Figure 3.6 shows
consumption going asymptotically to a level which
is determined by the size of p and the properties of
the production function.

Following an intertemporal consumption/savings
plan derived from this model, early generations
would be saving for the benefit of later generations
who will be richer even though there is positive

utility-discounting. If planning were based on p =0,
savings at every point in time would be higher, and
the accumulation of capital would continue until its
marginal product was driven to zero. Given the pro-
ductivity of savings and investment, zero discount-
ing of utility could lead to poor early generations
doing lots of saving for the benefit of rich later gen-
erations. On the other hand, with p relatively high,
early generations would do relatively little saving
and accumulation, and the society might remain
relatively poor despite the fact that it could become
rich.

The main point here is to again illustrate that the
consequences of an ethical position — in this case
‘discounting future utility is wrong’ — depend on
the circumstances in which it is acted upon. What
appears to be an intrinsically sound ethical position
may turn out in some circumstances to lead to out-
comes that are not obviously sensible.

3.5.2.2 Optimal growth with non-renewable
resources used in production

Now consider an exercise in optimal growth model-
ling that differs from the foregoing in just one
respect — production uses inputs of a non-renewable
natural resource as well as capital. The path for con-
sumption, and hence savings and capital accumula-
tion, is determined as that which maximises

W= J U(C,)e™dt (3.22)
=0
subject to the constraints
K = Q(Kr’ Rt) - Cr (3233)
S=-R, (3.23b)
N :J Rdt (3.23¢)
=0

The first of the constraints says, as before, that
output, Q, can either be used for consumption, C,
or investment, K. It differs from equation 3.20 in
that the production of output now involves two
inputs, capital, K, and some natural resource, R. The
standard assumption is that the marginal product of
the resource input is positive and diminishing. In
equation 3.23b, S stands for stock, and this con-
straint says that the natural resource being used is
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non-renewable in that the stock size decreases by
the amount used. § is the initial finite stock of the
resource, and equation 3.23c says that total cumulat-
ive use of the resource cannot exceed the initial
stock.

This problem will be considered in some detail in
Chapter 14, and analysis of it and variants of it —
such as for the case of a renewable resource — will
take up much of Part 4. For present purposes we
simply want to note that the optimal consumption
path that this model produces is as shown in panel b
of Figure 3.6. Given p > 0, it is optimal for con-
sumption first to increase, but eventually to start
to decrease and to go asymptotically toward zero.
Further, this is the case even when production tech-
nology is such that there is a constant level of con-
sumption that could be maintained for ever. It
needs to be noted here that the production function
Q(K,, R)) may be such that constant consumption for
ever may simply be impossible; we return to this in
the next chapter.

As between panels a and b of Figure 3.6, the
intertemporal social welfare functions are identical.
What changes is the situation in regard to produc-
tion. The morality of a positive rate of utility dis-
count looks very different as between panels a and b
in Figure 3.6.

3.5.3 Sustainability

The lesson drawn from panel b of Figure 3.6 is that
if we live in a world where non-renewable resources
are an essential input to production, then following
utilitarianism with discounting makes generations in
the near future better off than we are, but makes
many generations in the more distant future worse
off, possibly very much worse off. And, this is the
case even though it is technologically possible to
have constant consumption and utility for ever.
Many people take it as self-evident that it is
wrong to act so as to make future generations
worse off than we are. Also, many people take it
that the essential stylised facts about production
and consumption possibilities are pretty much like
those of the model that leads, with positive utility-
discounting, to the panel b of Figure 3.6 outcome.
While nobody would argue that equations 3.23 are a

literal description of actual production possibilities —
there is, for example, no use of renewable resources,
nor any technological innovation — many would
argue that they are the ‘canonical’ model, that is the
simplest model that captures the essential features
of the situation. Certainly, this model puts the sus-
tainability problem in its starkest form.

As we will consider in the next chapter, there
are a number of concepts of sustainability. For the
moment, however, we will simply take it that sus-
tainability means that consumption is constant, that
future generations enjoy the same level of consump-
tion as the current generation. Adopting sustainabil-
ity as an objective follows from an ethical view that
it is wrong to make future generations worse off.
Arguing that sustainability as an objective requires
particular kinds of current behaviour follows from
that ethical objective plus a particular appreciation
of the stylised facts. If we think, perhaps because of
faith in technical progress, that ultimately the big
picture is in essence that of equation 3.20 — resource
inputs are not a constraint on production possibilities
— and we want future generations to be no worse
off, it does not matter if we plan and act along the
lines of utilitarianism with positive discounting as
captured in equation 3.19. If we think it wrong for
future generations to be worse off and that the big
picture is in essence that of equations 3.23, then it
does matter if we plan our behaviour according to
equation 3.22, which is the same as equation 3.19.

Supposing that the stylised facts about production
possibilities are equations 3.23, an ethical position
for intergenerational equality can be expressed ana-
lytically in two ways. Either utilitarianism can be
abandoned or modified so that the intertemporal
social welfare function leads to intergenerational
equality, or additional constraints on the maximisa-
tion of a utilitarian welfare function can be adopted.

An example of the first approach would be the
adoption of a Rawlsian intertemporal social welfare
function. Considering just two generations, 0 and 1,
this would take the form:

W = min(U,, U,) (3.24)

With generations substituted for individuals, the
previous discussion of this type of social welfare
function applies. Generalising equation 3.24 for many
generations and assuming production possibilities as
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per equations 3.23 and such that constant consump-
tion for ever is feasible, maximising such a welfare
function leads to constant consumption for ever.
Solow (1974a) considers the conditions under which
constant consumption for ever is possible in the cir-
cumstances of equations 3.23, and shows that it
will be the optimal consumption path if a Rawlsian
intertemporal welfare function is maximised.

An example of the second approach would be the
adoption of some constraint on savings and invest-

ment behaviour, such as the Hartwick rule (Hartwick,
1977). We shall discuss this rule more fully in the
next chapter, and at several points in Part IV of the
book. What matters here is that the rule says that at
every point in time the amount saved and added to the
capital stock should be equal to the rent arising in
the extraction of the resource. If this rule is followed
where production conditions are as in equations 3.23
and constant consumption for ever is feasible, then
the result is constant consumption for ever.

Summary

Economists make recommendations concerning environmental policy objectives, such as, for example,
the level of pollution to be allowed. Such recommendations are derived from welfare economics,
the ethical basis for which is a form of utilitarianism where the criterion of what is good for a human
individual is that individual’s own tastes. Many of those who are concerned about the natural environ-
ment have different ethical positions. Some want, for example, to confer moral standing on non-human
individuals. In the preference-based utilitarianism that underpins welfare economics, the interests of
non-humans get taken into account only in so far as some humans care about those interests.

Many of the decisions that have to be taken regarding the use of the services that the natural envi-
ronment provides have implications for human interests that stretch out over time. The question that
then arises is whether future effects should be given the same weight as current effects in current deci-
sion making. This is the question of discounting. In thinking about this question, it is important to keep
clear the distinction between discounting future utility and discounting future consumption. It is also
important to be clear that the implications of discounting vary with the terms on which consumption
and utility can be shifted over time. We shall return to the analysis of intertemporal allocation in
Chapter 11.

Further reading

A good introduction to ethics, including environ-
mental applications, may be found in Singer (1993).
Sen (1987) looks at ethics in relation to economics.
Beauchamp and Bowie (1988) give a good pre-
sentation, especially in Chapters 1 and 9; the book
contains an interesting analysis of the business
implications of ethical principles. Penz (1986) and
Scitovsky (1986) consider consumer sovereignty
and its problems.

Kneese and Schulze (1985) and Glasser (1999)
are survey articles dealing specifically with ethics

in relation to environmental economics and policy
analysis, both of which provide extensive references
to the literature. The journal Environmental Values
aims to bring together contributions from philo-
sophy, law, economics and other disciplines con-
cerning the ethical basis for our treatment of the
natural environment. The February/March 1998 issue
(Vol. 24, nos 2, 3) of Ecological Economics was a
special issue on ‘Economics, ethics and environment’.

References on intertemporal allocation and related
matters will be provided with Chapter 11.



Foundations

Discussion questions

1. We argued in the text that Rawls’s Difference

Principle asserts that it is only just to have an
unequal distribution of wealth if all persons
benefit from that allocation, relative to the
situation of an equal distribution. But we also
argued that the total level of utility attainable
might depend on the distribution of wealth, as
utility could be higher in an unequal position if
incentive effects enhance productive efficiency.
Discuss the implications of these comments for
a morally just distribution of resources within
and between countries.

. In discussing the work of Robert Nozick, it was
argued that libertarian ethics have been adopted
most enthusiastically by those who believe in a
limited role for government. But we also noted
that it is by no means clear that a laissez-faire
approach is necessarily implied. Three difficult
issues arise in connection with the principle of
just acquisition:

What should government do about unjust
holdings?

How are open access or common property
resources to be dealt with?

How do external effects and public goods relate
to the concept of just acquisition?

Sketch out reasoned answers to these three
questions.

. If society deemed it to be correct that some
animals or plants have intrinsic rights (such as
rights to be left undisturbed or rights to be
reasonably protected), then such rights can be
protected by imposing them as constraints on
human behaviour so that the scope of legitimate
activity is reduced. Do humans appear to regard
whales as having intrinsic rights, and if so, what
rights are these? In what ways, if at all, do
humans defend these rights by imposing
constraints on human behaviour?

4.

A river tumbles through forested ravines and rocky
gorges towards the sea. The state hydro-electricity
commission sees the falling water as untapped
energy. Building a dam across one of the gorges
would provide three years of employment for
a thousand people, and provide longer-term
employment for twenty or thirty. The dam would
store enough water to ensure that the state could
economically meet its energy needs for the next
decade. This would encourage the establishment of
energy-intensive industry thus further contributing
to employment and economic growth.
The rough terrain of the river valley makes

it accessible only to the reasonably fit, but it is
nevertheless a favoured spot for bush-walking.
The river itself attracts the more daring whitewater
rafters. Deep in the sheltered valleys are stands
of rare Huon Pine, many of the trees being over
a thousand years old. The valleys and gorges are
home to many birds and animals, including an
endangered species of marsupial mouse that has
seldom been found outside the valley. There may
be other rare plants and animals as well, but no
one knows, for scientists are yet to investigate the
region fully.

(Singer, 1993, p. 264)

Peter Singer’s discussion of ethics and the
environment begins with this scenario. His
description is loosely based on a proposed dam
on the Franklin River in Tasmania. Singer notes
that this is an example of a situation in which
we must choose between very different sets of
values. Please answer the following question,
as put by Singer: Should the dam be built?
(Note: in Chapters 11, 12 and 13 we shall work
through the way that economists would deal
with this question and some of the criticisms
that have been made of their approach — you
may want to come back to Singer’s question
after reading those chapters.)
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Problems

1. Suppose that one believed that each generation
should have the same level of well-being as
every other one. Demonstrate that we could
not ensure the attainment of this merely by the
choice of a particular discount rate, zero or
otherwise.

2. Prove that, under the assumption of diminishing
marginal utility, the linear indifference curves in

utility space in Figure 3.1 map into indifference
curves that are convex from below in
commodity space, as illustrated in Figure 3.2.

3. Demonstrate that an unequal distribution of
goods at a welfare maximum may occur when
the weights attached to individual utilities are
not equal, and/or when individuals have
different utility functions.

Appendix 3.1 The Lagrange multiplier method of solving constrained
optimisation problems

Suppose we have the following problem in which
a function of three variables is to be maximised
subject to two constraints:

max f(x]’ X2, X3)

subject to
g(xl’ x2$ x3) = 0
h(xl’ x2$ x3) = 0

To obtain a solution to this problem, we begin by
writing the Lagrangian (L) for the problem. The
Lagrangian consists of two components. The first of
these is the function to be maximised. The second
contains the constraint functions (but without being
set equal to zero), with each constraint being pre-
ceded by a separate Lagrange multiplier variable.
The Lagrangian is the sum of all these terms.

So in this case the Lagrangian, L, is

L(-xl’ X2, X3, 7\‘17 }\'2) =f(-xl’ X2, X3) +

Mg(xy, Xy, X3) + Ash(x), Xy, X3) (3.25)

in which A and A, are two Lagrange multipliers (one
for each constraint) and the term L(x;, X,, X3, A, Ay)
signifies that we are now to regard the Lagrangian
as a function of the original choice variables of
the problem and of the two Lagrange multiplier
variables.

We now proceed by using the standard method
of unconstrained optimisation to find a maximum of
the Lagrangian with respect to x;, x,, X3, A; and A,.

The necessary first-order conditions for a maximum
are

oL
a—=f1+7\-181 + A0 =0
Xy
oL
a_:fz"‘%qu + A0 =0
X
oL
a—=fs+7"183 +Ahy =0
X3
JoL
B_XI =g(x;, X, %3) =0
oL
a—M = h(x;, x5, x3) =0
where
fi_a_f _a_g h.:%forizl,2,3

o, 8= ox, | ox

i

These are solved simultaneously to obtain solution
values for the choice variables.

The second-order conditions for a maximum
require that the following determinant be positive:

Ly L, Ls g N
Ly Ly, Ly g h
Ly Ly Ly & h

g 0 0
h h h 0 O
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where

0L

L=
Ox;0x;

For a constrained maximum, a sufficient second-
order condition can be stated in terms of the signs of
the bordered principal minors of the Hessian matrix.
Details of this condition are beyond the scope of this
appendix, but can be found on page 386 of Chiang
(1984).

The Lagrange multiplier method is widely used
in economic analysis generally, and in resource
and environmental economics particularly. This is
because the Lagrange multipliers have a very useful
interpretation in analysis. They are ‘shadow prices’
on the constraints. In the case of a constrained max-
imisation problem as considered above, this means
that the value of a Lagrange multiplier tells us what
the effect on the maximised value of the objective
function would be for a small — strictly an infinites-
imal (or vanishingly small) — relaxation of the corres-
ponding constraint. The same interpretation arises
in constrained minimisation problems. Clearly, this
is very useful information. We now illustrate this
interpretation using a simple example from an envir-
onmental economics context. We consider the prob-
lem of the least-cost allocation across sources of a
reduction in total emissions, which problem will be
discussed at length in Chapter 6.

Suppose that there are two firms, 1 and 2, where
production gives rise to emissions M, and M,. In the
absence of any regulation of their activities, the
firms’ profit-maximising emissions levels are 1000
and 7500 tonnes respectively. The firms can cut
back, or abate, emissions, but so doing reduces
profits and is costly. Further, abatement costs as a
function of the level of abatement vary as between
the two firms. The abatement cost functions are

C, =104, + 0.014% = 10(1000 — M,)

+0.01(1000 — M,)? (3.262)
C, =54, + 0.00142 = 5(7500 — M,)
+0.001(7500 — M,)?* (3.26b)

where A, and A, are the levels of abatement, the
amount by which emissions in some regulated situ-
ation are less than they would be in the absence of
regulation.

The regulatory authority’s problem is to deter-
mine how a reduction in total emissions from 8500
= (1000 + 7500) to 750 tonnes should be allocated as
between the two firms. Its criterion is the minimisa-
tion of the total cost of abatement. The problem is,
that is, to find the levels of A, and A,, or equivalently
of M, and M,, which minimise C, plus C, given that
M, plus M, is to equal 750. Formally, using M, and
M, as the control or choice variables, the problem is

min(C, + C,)
subject to
M, + M, =750

Substituting for C, and C, from equations 3.26, and
writing the Lagrangian, we have

L=113750 — 30M, — 20M, + 0.01M? +

0.001M3 + A[750 — M, — M,] (3.27)
where the necessary conditions are
oL =-30+0.02M, -1 =0 (3.28a)
oM,
L
o =-20+0.02M,-A =0 (3.28b)
oM,
oL
o 750 - M, - M, =0 (3.28¢c)
Eliminating A from equations 3.28a and 3.28b gives
=30 + 0.02M, = =20 + 0.002M, (3.29)
and solving equation 3.28c for M, gives
M, =750 -M, (3.30)

so that substituting equation 3.30 into equation 3.29
and solving leads to M, equal to 227.2727, and then
using equation 3.30 leads to M, equal to 522.7272.
The corresponding abatement levels are A, equal to
477.2728 and A, equal to 7272.7273. Note that firm
2, where abatement costs are much lower than in
firm 1, does proportionately more abatement.

Now, in order to get the allocation of abatement
across the firms we eliminated A from equations
3.28a and 3.28b. Now that we know M, and M, we
can use one of these equations to calculate the value
of A as —19.5455. This is the shadow price of pollu-
tion, in the units of the objective function, which are
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here £s, when it is constrained to be a total emissions
level of 750 tonnes. This shadow price gives what
the impact on the minimised total cost of abatement
would be for a small relaxation of the constraint that
is the target regulated level of total emissions. To
see this, we can compare the minimised total cost for
750 tonnes and 751 tonnes. To get the former, simply
substitute M, = 522.7272 and M, = 227.2727 into

C =113 750 — 30M, — 20M, + 0.01M>

+0.001M;3 (3.31)

to get 96 306.819. To get the latter, replace 750 by
751 in equation 3.28c, and then solve equations 3.28a,
3.28b and 3.28c as before to get M, = 522.8181 and
M, = 228.1818, which on substitution into equation
3.31 for C gives the total cost of abatement to 751
tonnes as 96 287.272. Subtracting 96 306.819 from
96 287.272 gives —19.547, to be compared with the
value for A calculated above as —19.5455. The two
results do not agree exactly because strictly the
value for A is for an infinitesimally small relaxation
of the constraint, whereas we actually relaxed it by
one tonne.

Note that the shadow price is in £s per tonne, so
that the Lagrangian is in the same units as the object-
ive function, £s.

It is not always necessary to use the method of
Lagrange multipliers to solve constrained optim-
isation problems. Sometimes the problem can be
solved by substituting the constraint(s) into the
objective function. This is the case in our example
here. We want to find the values for M, and M,
which minimise C as given by equation 3.31, given
that M, + M, = 750. That means that M, = 750 — M,,
and if we use this to eliminate M, from equation
3.31, after collecting terms we get

C =96 875 - 5M, + 0.011M; (3.32)

where the necessary condition for a minimum is

ac
M,

which solves for M, = 227.2727, and from M, =750
— M, we then get M, as 522.7273.

Even where solution by the substitution method is
possible, using the method of Lagrange multipliers
is generally preferable in that it provides extra informa-
tion on shadow prices, with the interpretation set out

= -5+ 0.022M,

above. In fact, these shadow prices are often useful
in a further way, in that they have a natural inter-
pretation as the prices that could be used to actually
achieve a solution to the problem under considera-
tion. Again, this can be illustrated with the emissions
control example. If the regulatory authority had the
information on the abatement cost functions for the
two firms, it could do the calculations as above to
find that for the least-cost attainment of a reduction
to 750 tonnes firm 1 should be emitting 522.7272
tonnes and firm 2 emitting 227.2727 tonnes. It could
then simply instruct the two firms that these were
their permissible levels of emissions.

Given that it can also calculate the shadow price
of pollution at its desired level, it can achieve the
same outcome by imposing on each firm a tax per
unit emission at a rate which is the shadow price.
A cost-minimising firm facing a tax on emissions
will abate to the point where its marginal abatement
cost is equal to the tax rate. With ¢ for the tax rate,
and M* for the emissions level in the absence of any
regulation or taxation, total costs are

CA)+tM=CA) +t(M*-A)

so that total cost minimisation implies

a_c_[:()
0A
or
aC
—= 3.33
A t (3.33)

For firm 1, the abatement cost function written with
A, as argument is

C, =104, + 0.0147 (3.34)
so that marginal abatement costs are given by
% =10 + 0.024, (3.35)

1
Using the general condition, which is equation 3.33
with equation 3.35, we get
10+0.024, =¢

and substituting for ¢ equal to the shadow price of
pollution, 19.5455, and solving yields A, equal to
477.275, which is, rounding errors apart, the result
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that we got when considering what level of emis-
sions the authority should regulate for in firm 1.
Proceeding in the same way for firm 2, it will be
found that it will do as required for the least-cost
allocation of total abatement if it also faces a tax of
£19.5455 per tonne of emissions.

When we return to the analysis of instruments for
pollution control in Chapter 6 we shall see that the
regulatory authority could reduce emissions to 750
by issuing tradable permits in that amount. Given
the foregoing, it should be intuitive that the equilib-
rium price of those permits would be £19.5455.

Appendix 3.2 Social welfare maximisation

For two persons and a fixed amount of the con-
sumption good, the problem is to choose X* and X®
SO as to maximise

W=W{UNX?), UB(X®)}

subject to the constraint
X*+XP=X

The Lagrangian for this problem is
L=W{UANX%), UBX®)} + AL[X — X" — XB]

and the necessary conditions include

;{LA =WUL —L=0 (3.36a)
aaXLB =W,UE - L =0 (3.36b)

where we are using the notation for derivatives
introduced in the chapter — W, for dW/oU* and Uy
for QU*/0X™ etc. — and making the same assump-
tions — W, >0, Uy > 0, Ugx < 0 etc. From equations
3.36 here we get the condition stated as equation 3.3
in the chapter:

WUy = WUy (3.37)

For W= W{U*, U®} =w,U" + wgU®, W, =w, and
Wy = wy so that the necessary condition (3.37) here
becomes

w Uz = wyUE (3.38)
and for w, = wy this is
Ug=US (3.39)

which is equation 3.6 in the chapter text.
Now consider a case where the social welfare
function is

W=U+U"

and where the two individuals have identical utility
functions. Specifically, suppose that

UA(XA) = 2(X*)"? and UB(XB) = 2(XB)"?
so that
U =(X*)™V? and UE = (XB)™V?

and

1 1
U = —5 (XY and Ul = — (X"

T2
Then equation 3.39 becomes
(XA = (xy 2
so that
Xt =Xx"=0.5%

and each individual gets half of the available X.
Now consider a case where the social welfare
function is again

W=U*+U"
but the two individuals have different utility func-
tions. Specifically, suppose that

UA(X™) = 2(X*)? and UB(XE) = (XB)"?
so that

Ug = (X" and UE = 0.5(XB)"2

In this case, the condition which is equation 3.39
still applies, but now it gives

XA
=

XB

The numerically specified utility functions just used
are particular versions of
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U= éX“ with o < 1 (3.40)
which was used in the text when discussing utilit-
arian formulations of Rawlsian differentiation in
favour of the worst off. It was stated there that the
relative weight accorded to increases in consump-
tion for the worse-off individual increases as the
degree of inequality between the individuals
increases, and as o0 — —eo. To see this, we proceed
as follows. For

wW=U*+U"
with the Us given by equation 3.40 we have

_ oW = (X"*" and Wy = ow

W, =
AT oxA ox®

— (XB)(X—I

so that
We o (XM (xAYT
W ) T oA

where r is the ratio of X, to X and r > 1 for B the
worse-off person.
From equation 3.41

)
_\N"BJ _ (-1

or

r*?2<0 fora<l




CHAPTER 4

Concepts of sustainability

But we can be fairly certain that no new technology will abolish absolute scarcity because the
laws of thermodynamics apply to all possible technologies. No one can be absolutely certain
that we will not some day discover perpetual motion and how to create and destroy matter and
energy. But the reasonable assumption for economists is that this is an unlikely prospect and
that while technology will continue to pull rabbits out of hats, it will not pull an elephant out of

a hat — much less an infinite series of ever-larger elephants!

Learning objectives

In this chapter you will

m be introduced to concepts of sustainability

m learn about the importance of substitution
possibilities in considerations of whether
constant consumption is feasible

m have the distinction between ‘weak’ and
‘strong’ sustainability explained

m find out when and how the Hartwick rule
works

m learn about incentives and information in
relation to sustainability

Introduction

The principal purpose of this chapter is to show
how economists think about sustainability. We also
consider the way in which ecologists think about
sustainability. We will not be considering whether
or not sustainability should be a policy objective.
That is the sort of ethical question that the previous
chapter addressed. Here we will take it as given that
sustainability is desirable, that it is agreed that
the current human generation should take account of
the interests of future human generations. The first

Daly (1974), p. 19

question that then arises is: what are the interests of
future generations? The next question then is: how
do we look after those interests? This second ques-
tion itself involves two stages. First, the identifica-
tion of current policy objectives that look after future
interests. Second, devising policy instruments to
achieve those objectives. This chapter is concerned
mainly with mapping the interests of future genera-
tions into current policy objectives. It addresses
questions about instruments only in a very general
way: much of the rest of the book is concerned with
more detailed analysis of such questions.

In the first section of the chapter we identify inter-
ests as consumption levels, and consider compar-
isons of different time paths for consumption so as
to discuss how the idea of sustainability as stated
above might be made more precise. For economists
this is the obvious way to proceed with the analysis
of the sustainability problem. In this section of the
chapter we also introduce, for later discussion, other
ways of conceptualising the sustainability problem.
The next two sections then look, respectively, at
economic and ecological approaches to sustainab-
ility. We then discuss an approach which sees the
problem primarily in terms of social processes and
institutions. These different ways of conceptualising
sustainability should not be seen as competitive or
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mutually exclusive. Rather, they are complement-
ary; and the last section of the chapter attempts to
draw, at a general level, some policy lessons.

Throughout this chapter, analysis will assume that
the size of the human population is constant. This
assumption greatly simplifies exposition without the
loss of any essential insights." For example, if we
take sustainability to be constant consumption, then
clearly if we are really looking out for the interests
of future generations we must be thinking about per
capita consumption. The assumption of a constant
population size means that when we talk about con-
sumption going up, or down, or being constant, we
are referring to the nature of the time path for both
per capita and aggregate consumption. As in the
previous chapter, we can treat the consumption/
utility that we refer to as that of some representative
individual, where all individuals are the same in all
relevant respects.

4.1  Concepts and constraints

Even if we restrict attention to the economics liter-
ature, there is no universally agreed definition of the
concept of sustainability. On the contrary, in that
literature, one finds a variety of definitions, meanings
and interpretations. In one recent paper, Jack Pezzey
wrote: ‘So I see little point in expanding the collec-
tion of fifty sustainability definitions which I made
in 1989, to the five thousand definitions that one could
readily find today’ (Pezzey, 1997, p. 448). A more
useful exercise than providing an exhaustive list of
the definitions that have appeared in the economics
literature is to give just three that can illuminate the
difficulties of coming up with a single all-embracing
definition. This will help in understanding the vari-
ous approaches to sustainability that can be taken,
and in identifying the major issues addressed.

Pezzey (1997) distinguishes between ‘sustainable’
development, ‘sustained’ development and ‘surviv-
able’ development. These are defined in Box 4.1,
which you should now read.

1 The feasibility of sustainability as constant per capita con-

sumption where the population is increasing is analysed in, for
example, Solow (1974a).

Box 4.1 Sustainable, sustained and survivable
development

The following notation is used:

U, = the utility level at time ¢

U, = the rate of change of utility at time ¢

UM = the maximum utility which can be
held constant for ever from time ¢
onwards, given production
opportunities available at time ¢

USURV

with survival of the given
population

Development is sustainable if U, < UM**
always

Development is sustained if U, > 0 always

Development is survivable if U, > US"®Y
always

If utility is a function of consumption
alone, the usual assumption in intertemporal

economic analysis (see previous chapter), then

it is possible to replace the word ‘utility’ by
‘consumption’ in each of these criteria (and to
change symbols from U to C commensurably)
and thereby to define them in terms of
consumption rather than utility. Doing this
we obtain:

Development is sustainable if C, < CM**
always

Development is sustained if C, > 0 always

Development is survivable if C, > CS"®Y
always

Note that the level of utility (or
consumption) corresponding to survivability
is taken to be constant over time (hence CS"®Y
carries no time subscript). But CM** does (and
must) include a time subscript. The highest
level of constant, sustainable consumption an
economy can obtain from any point of time
onwards does depend on which point in time
we consider. For example, at the end of a
prolonged and major war, in which large
stocks of resources have been consumed or
irretrievably degraded, the maximum feasible

level of sustainable consumption is likely to be

smaller than it was before the war broke out.

= the minimum utility level consistent
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4.1.1 Consumption time paths

We will use some hypothetical time paths of con-
sumption to illustrate some notions of sustainability.
As noted in Box 4.1, and following on from the pre-
vious chapter, it is standard when thinking about
intertemporal distribution issues such as sustainab-
ility for economists to work with utility functions
where consumption is the only argument, and where
utility increases with consumption. In that case we
can look at things in terms of either utility or con-
sumption. The consumption time paths that we want
to consider are shown in Figure 4.1. The vertical
axis measures the level of consumption at any point
in time. The passage of time from the present (¢ = 0)
onwards corresponds to movement from left to right
along the horizontal axis. Six alternative time paths
of consumption are shown, labelled C(1) to C(6). In
addition, the heavy horizontal line denoted C™™ rep-
resents the level of consumption which is the min-
imum that society deems as being socially and morally
acceptable, while the dotted line, CS"®Y, represents
the biophysical minimum consumption level.

We suggest that you now try to rank the six alter-
native time paths. Put yourself in the position of a
social planner aiming to do the best for society over
many generations. How would you then rank the
alternatives?

ch
C(4)
c3)
/\/‘ C(2)
c)
CMIN
\Vj
ce®)
CSURV [ m====mm=-mmmmmmmmmmmmmmmoomoom o

Figure 4.1 Consumption paths over time

4.1.2 Comparing consumption time paths

Consider the idea of sustainability as non-declining
consumption, which is the concept of sustainability
that is most widely used in economic analysis. In
Figure 4.1, four of the paths — C(1), C(3), C(5) and
C(6) — satisfy the criteria of non-declining consump-
tion. Can we rank them? Only if we adopt some kind
of social welfare function. We saw in the previous
chapter that we could incorporate sustainability
considerations into intertemporal welfare maximisa-
tion by adopting them as constraints. That kind of
approach would identify one of C(1), C(2), C(3) or
C(4) as ‘best’. Given that along C(3) consumption is
at every point in time higher than on any of the other
three paths, and is nowhere declining, that kind of
approach with a utilitarian social welfare function of
the sort considered in the previous chapter would
identify C(3) as the best path. Although C(4) has
higher consumption at every point in time, it is ruled
out by the non-declining consumption constraint.

We saw in the previous chapter that an apparently
sound ethical principle could in some circumstances
lead to outcomes that are not obviously sensible.
The same point can, and needs to, be made here.
Consider path C(2) in Figure 4.1. It clearly does not
have the non-declining consumption property. Sup-
pose a choice has to be made between C(2) and C(6).
Strict adherence to the non-declining consumption
criterion as a constraint on choice would, for any
social welfare function, mean selecting C(6) rather
than C(2) despite the fact that at every point in time
consumption is higher on the former than on the
latter path.

A serious objection to the non-declining con-
sumption criterion is that it does not impose any
requirements on how large the non-declining level
of consumption should be. On this criterion, an
economy is sustainable even if living standards are
abysmally low and remain so, provided they do not
get any lower over time. One can imagine a poor
economy which could become considerably less
poor in the medium future by the sacrifice of some
consumption in the near future. Planning for such
an economy with the non-declining consumption
criterion as a constraint would rule out such a devel-
opment path.
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So, the adoption of a simple constraint such as
non-declining consumption is not problem-free.
What about alternative constraints that might be
placed on the conventional maximisation of an inter-
temporal social welfare function so as to capture the
spirit of an ethical concern for future generations?
As noted above, Pezzey (1997) introduced the idea
of survivable development. In Figure 4.1 the broken
line labelled CS*®Y shows some minimum level of
consumption consistent with biophysical survival
requirements. One could maximise subject to the
constraint that consumption does not fall below such
a level. That would avoid the problems with the
non-declining consumption constraint noted above.
It would not, for example, rule out C(2) or C(4).

But one might feel that such a constraint is not
really ‘fair’ to future generations. In discussions of
poverty, it is now widely agreed that the poverty line
should be culturally rather than biologically deter-
mined. In this spirit, we might argue that consump-
tion should not fall below some minimum, decent,
culturally determined level over time. Let us assume
that such a level can be defined, and suppose that it
corresponds to the horizontal line labelled CMN in
Figure 4.1. We can use the term ‘minimum condi-
tion’ to describe the constraint on the choice of
optimal consumption path that consumption should
never fall below CM™. Such a constraint would rule
out C(2) but not C(4).

Table 4.1 summarises how the six consump-
tion paths of Figure 4.1 fare against the three con-
straints considered here. All of the six consumption
paths satisfy the survivable development criterion
(although we have noted that this is a relatively
undemanding requirement). Three of them — paths
C(1), C(3) and C(4) — also satisfy the minimum con-
dition. Which paths satisfy all of the three criteria
we have examined? Just two, C(1) and C(3).
Clearly, given that both satisfy all of the constraints
considered, maximising a conventional utilitarian
intertemporal social welfare function would mean
the choice of C(3) over C(1) whichever sustain-
ability constraint were adopted. C(4) would be the
chosen path with either the survivability or the
minimum condition constraint, but would be elimin-
ated if the non-declining consumption constraint
were adopted.

Table 4.1 Various sustainability criteria applied to the
hypothetical consumption paths

Criterion

Non-declining ~ Survivability Minimum

consumption condition
Consumption path
C(1) S S S
C(2) NS S NS
C(3) S S S
C4) NS S S
C(5) S S NS
C(6) S S NS
KEY:
S = Satisfied

NS = Not satisfied

4.1.3 Concepts of sustainability

A concern for sustainability derives from an ethical
concern for future generations together with an
appreciation of the facts which implies that such
concern needs to be incorporated into current deci-
sion making — because, for example, of the use of
non-renewable resources in production. If we did
not care about future generations, then the use of
non-renewable resources in production would not
require any particular attention in current decision
making. Equally, if nothing that we did now had any
implications for future generations, then notwith-
standing an ethical concern for them there would be
no need to think about them in current planning and
decision making.

What we have seen so far here is that even if
we restrict attention to consumption, a ‘concern for
future generations’ can take a variety of expressions,
and does not translate into a single simple con-
straint on current planning. It should also be noted
that in explaining this using Figure 4.1 we implicitly
assumed that the various alternative consumption
paths are feasible, could actually be followed if
chosen. This, of course, need not be the case in
fact. Given, for example, the use of non-renewable
resources in production, some would argue that con-
stant consumption for ever, at any rate other than
zero, is not feasible. We look at this and related
matters below.
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Table 4.2 Six concepts of sustainability

1. A sustainable state is one in which utility (or consumption)
is non-declining through time.

2. A sustainable state is one in which resources are managed
so as to maintain production opportunities for the future.

3. A sustainable state is one in which the natural capital stock
is non-declining through time.

4. A sustainable state is one in which resources are managed
so as to maintain a sustainable yield of resource services.

5. A sustainable state is one which satisfies minimum
conditions for ecosystem resilience through time.

6. Sustainable development as consensus-building and
institutional development.

Before doing that we need to note that constant
consumption (or utility) is not the only possible
conceptualisation of sustainability. Table 4.2 lists
six concepts that are widely used and discussed in
the sustainability literature.

We will be discussing each of the concepts listed
in Table 4.2 in some detail in the rest of the chapter.
Concepts 1, 2 and 3 are basically economic in nature,
and will be discussed in the next section ‘Econom-
ists on sustainability’. Concepts 4 and 5 originate
with ecologists, and are covered in Section 4.3
below, ‘Ecologists on sustainability’.> As we shall
see, while the third concept is expressed in eco-
nomic terminology, it reflects a position, on substi-
tution possibilities, that is more commonly found
among ecologists than among economists. The final
concept, really a group of concepts, sees sustainab-
ility as being essentially a problem of governance in
the broadest sense.

Note that the concepts should not be seen as
mutually exclusive. The first, for example, largely
entails the second, because if utility or consumption
is not to decline, resources must be managed so that
productive opportunities are maintained for sub-
sequent generations. The fourth is a particular case
of the second. Again, the first seems to require the
fifth if we take the view that production and con-
sumption cannot be maintained over time in the face
of ecosystem collapse.

None of these concepts explicitly specifies the
duration of time over which sustainability is to oper-
ate. Presumably one must have in mind very long

horizons for the idea of sustainability to have sub-
stance. But this merely begs the question of what is
meant by a long period of time. Some writers choose
to think of indefinitely long (or infinite) time hor-
izons: a state is sustainable if it is capable of being
reproduced in perpetuity. Others conceive of millen-
nia or the like: periods of time over which human
populations are approximately genetically constant.
However, it is not necessary to decide upon any
particular span of time: we could define a sustain-
able state as one in which some relevant magnitude
is bequeathed to the following period in at least as
good a state as it is in the initial period. Provided no
finite terminal time is set, this implies that one is
thinking about unlimited time spans.

4.2  Economists on sustainability

In this section we provide an overview and preview
of the way that economists approach the analysis
of sustainability issues. We will come to a more
detailed and rigorous account of many of the issues
considered here later in the book, and especially in
Part IV.

4.2.1 Economic concepts of sustainability

In the previous section of this chapter we noted two
economic concepts of sustainability:

1. A sustainable state is one in which utility/
consumption is non-declining through time.

2. A sustainable state is one in which resources
are managed so as to maintain production
opportunities for the future.

An example of a definition relating to the first con-
cept is

Sustainability is defined as . . . non-declining utility of
a representative member of society for millennia into
the future.

(Pezzey, 1992, p. 323)

2

Here, as elsewhere, we use the term ‘ecologist’ rather loosely to refer to natural scientists interested in matters environmental.
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Note that in terms of the terminology of Box 4.1
(taken from Pezzey (1997)) this relates to ‘sustained’
rather than ‘sustainable’ development. In fact, in
his 1997 Land Economics paper, Pezzey states that
he now regards ‘sustainable’ rather than ‘sustained’
development as the appropriate criterion of sus-
tainability. However, most economists would still
opt for what the 1997 Pezzey calls ‘sustained’ as the
definition of sustainability that focuses on the beha-
viour of utility/consumption over time.

An example of a definition relating to the second
of the above concepts is that sustainability involves

Preserving opportunities for future generations as a
common sense minimal notion of intergenerational
justice.

(Page, 1977, p. 202, 1982, p. 205)

In thus defining sustainability, Page is appealing to
John Locke’s concept of just acquisition which was
noted in the previous chapter, and the idea is that the
present generation does not have the right to deplete
the opportunities afforded by the resource base since
it does not properly ‘own’ it.

Another version of the opportunities-based view
underpins the most well-known definition of sus-
tainability, that due to the Brundtland Report:

Sustainable development is development that meets

the needs of the present without compromising the

ability of future generations to meet their own needs.
(WCED, 1987, p. 43)

While the utility/consumption-based and oppor-
tunities-based concepts start from different places,
where they end up in terms of formal analysis is very
much the same place. This is because for economists
the opportunities that matter are consumption oppor-
tunities, so that to say that A has the same oppor-
tunities as B but consumes differently is to say that A
has different preferences from B. However, in the con-
text of the single-commaodity representative-consumer
models that are mostly used for the analysis of
intertemporal distribution, and hence sustainability,
issues, it is explicitly assumed that the utility func-
tion is the same over generations. In that kind of
simple model, as we shall see when discussing the
Hartwick rule later in this section (and in Chapter 19),
it turns out that constant consumption and equal
opportunities are inextricably linked.

4.2.2 Is sustainability feasible? Substitution

possibilities

We have already noted that the clearest setting for
the analysis of the sustainability problem is a model
where a non-renewable resource, of which there is
necessarily a finite amount in existence, is used in
production. With such a characterisation of the prob-
lem in mind, the Nobel laureate economist Robert
Solow has criticised those environmentalists who
urge that we should conserve resources for future
generations. This

is a damagingly narrow way to pose the question.
We have no obligation to our successors to bequeath
a share of this or that resource. Our obligation refers
to generalized productive capacity or, even wider, to
certain standards of consumption/living possibilities
over time.

(Solow, 1986)

What our successors will be interested in, Solow is
in effect saying, is not the amount of ‘oil’ in the
ground that they inherit from us, but rather whether
they inherit the capability to do the things that we
now do using ‘oil’. They will be interested in the
consumption opportunities that they inherit, not the
stocks of resources that they inherit.

To make the distinction that Solow makes it
is necessary to believe that we can bequeath to
our successors something that is a substitute for
non-renewable resources. If we cannot bequeath a
substitute, then, to honour our ethical commitment,
which Solow accepts, to leave them with the same
consumption opportunities as ourselves, we do have
an obligation ‘to bequeath a share of this or that
resource’.

The basic issues can be explored within the
framework of the simple optimal growth model,
where production uses a non-renewable resource,
that was introduced in the previous chapter. That
model’s welfare function is

W = J'sz(C,)ep’dt 4.1)
=0

to be maximised subject to the constraints
K=0(K,R)-C, 4.2)
S=-R, (4.3)



88

Foundations

S = J Rdt 4.4)

=0

When discussing the optimal consumption path
arising in the previous chapter, it was noted that
‘the production function Q(K,, R) may be such
that constant consumption for ever may simply
be impossible’. We were then interested in whether
the standard utilitarian approach would, in circum-
stances where sustainability as constant consump-
tion for ever was feasible, indicate sustainability. We
saw that it would not. What we are now interested
in is the question of feasibility — under what condi-
tions is constant consumption for ever possible,
notwithstanding that production uses inputs of a
non-renewable resource available only in finite total
amount?

Figure 4.2 shows the isoquants for three specifica-
tions of the production function Q, = Q(K,, R,) that
identify the possibilities. Panel a corresponds to:

0,=0K, + BR, (4.5)

In this case, the resource is non-essential in produc-
tion. For R, =0, Q,= aK,, and any level of output can
be produced if there is enough capital. The use of a
non-renewable resource in production does not, in
this case, mean that sustainability as constant con-
sumption is infeasible. Capital is a perfect substitute
for the non-renewable resource.
Panel c of Figure 4.2 corresponds to

0O, = min(a.K,, BR) (4.6)

In this case, Q is equal to whichever is the smaller of
oK, and BR,. In panel c, given resource input R,, for
example, Q, is the maximum feasible output, how-
ever much capital input is used. In this case, the
resource is essential in production, and substitution
possibilities are non-existent. If there is no resource
input, there is no output. Given the production func-
tion 4.6, the initial stock of the resource sets an
upper limit to the amount that can be produced and
consumed — total production over all time cannot
exceed BS. The intertemporal distribution problem is
now that of sharing out use of the resource over time.

This is often called the ‘cake-eating’ problem. If
the production function is 4.6, then clearly in the
model where production possibilities are given by

(a)
Kq

Q3
Q2
Q1
Q1 Q2 Q3 >R,
(b)
K Q1 Q2 Qs
\ Q3
Q2
Q1
(c)
Q3
Kik Q2
Q1
Q3
Q2
: Q1
H > Rr

Ry

Figure 4.2 Production functions with capital and natural
resource inputs

equations 4.2 to 4.4, the size of § sets an upper limit
to the total amount that can be produced over all
time. In this model there are no substitution possib-
ilities, and there is no technical progress — when
the resource runs out, production, and hence con-
sumption, goes to zero. Basically, the intertemporal
problem reduces to optimally sharing the stock of
the resource as between those alive at different
points in time. The problem with the obviously ‘fair’
solution of equal shares is that S is finite, so that the
infinite planning horizon embodied in equation 4.1
would mean that the equal shares are of size zero —
a finite cake cannot be divided into an infinite
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number of pieces. If there is a resource that is always
an essential input to production, and if there are no
substitution possibilities for that resource, then
the intertemporal problem reduces to making the
resource last as long as possible by consuming, at
each point in time, as little as is possible consistent
with survival.

With equation 4.5 as production function, the case
shown in panel a of Figure 4.2, the intertemporal
problem posed by the use of a non-renewable
resource in production is trivial — constant consump-
tion for ever requires no special attention to the rate
at which the resource is used. With equation 4.6 as
production function, the case shown in panel c
of Figure 4.2, the problem is insoluble — there is no
pattern of resource use over time that can make
constant consumption for ever feasible. The remark
by Solow quoted above does not apply to either of
these situations — in the former case conservation is
unnecessary, in the latter case future generations
would be interested in how much of the resource
stock we left for them to use. In making this remark,
Solow, like most economists, is assuming that sub-
stitution possibilities are somewhere between those
of equations 4.5 and 4.6, so that the intertemporal
distribution problem is non-trivial but soluble. He is
assuming, that is, that while non-zero output requires
non-zero resource input, capital can substitute for
the resource in production.

Panel b in Figure 4.2 shows the isoquants for such
a production function. They are drawn for

Q,=K°R? witho+B=1 4.7

which is a Cobb—Douglas production function with
constant returns to scale. For this production func-
tion it can be shown that if o0 > B then constant con-
sumption for ever is feasible. Clearly, if in equation
4.7 R, is set at 0, then Q, is 0 — the resource is essen-
tial in production. However, given enough K, and
o > B, very high levels of output can be produced
with very small levels of resource input, and there
exists a programme of capital accumulation such that
R, never actually becomes 0 (it goes asymptotically
to zero) and consumption can be maintained con-
stant for ever.

The nature of this capital accumulation pro-
gramme, which results from following the Hartwick

rule, is discussed in the next subsection. The import-
ant point from that subsection is that the Hartwick
rule is necessary but not sufficient for sustainability
as constant consumption where production essen-
tially uses a non-renewable resource input. If the
production function is equation 4.6, for example,
following the Hartwick rule will not result in con-
stant consumption for ever. Nor will it if the pro-
duction function is equation 4.7 with o < 3. Most
economists follow Solow in taking the view that, in
fact, substitution possibilities are such that sustain-
ability as constant consumption for ever (or at least
for a very long time) is feasible, so that the Hartwick
rule is of great practical policy relevance.

4.2.3 The Hartwick rule

John Hartwick (1977, 1978) sought to identify con-
ditions under which constant consumption could be
maintained indefinitely, given the essential use in
production of input from a finite stock of a non-
renewable resource. He assumed that production
conditions were as in equations 4.2 to 4.4 here, with
the production function taking the form of equation
4.7 with o > B. In such conditions, he showed that
constant consumption would be the outcome if a
particular savings/investment rule, now known as
‘the Hartwick rule’, were followed in an economy
where depletion of the resource satisfied the condi-
tions for intertemporal efficiency. It has since been
shown that the Hartwick rule ‘works’, i.e. leads
to constant consumption, in more general settings
where, for example, several types of non-renewable
resource are being used in production, provided that
all are being depleted efficiently. It needs to be
emphasised that in all cases the Hartwick rule is
necessary but not sufficient — following it will
realise constant consumption only if intertemporal
efficiency conditions are satisfied, and if sustainab-
ility as constant consumption is feasible, i.e. if the
substitution possibilities as between capital and
resources are great enough.

Here we discuss the Hartwick rule for the case
where just one non-renewable resource is used in
production. We assume that the intertemporal effi-
ciency conditions are satisfied. The general nature
of these conditions is introduced and explained in
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Chapter 11, and Part IV deals at length with the way
they apply to the exploitation of natural resources.
For now we can say that assuming that they are
satisfied in relation to our setting — use of a single
non-renewable resource in production — is equival-
ent to assuming that the resource is extracted by
perfectly competitive firms with perfect foresight,
and that the economy as a whole is also perfectly
competitive.

The Hartwick rule is that at every point in time the
total rent arising in the resource extraction industry
be saved and invested in reproducible capital. In
terms of the model which is equations 4.2 to 4.4, the
rule is that K must be equal to the total rents aris-
ing in the resource extraction industry. The unit rent
is the difference between the price at which an
extracted unit of the resource sells and the marginal
cost of extraction. It is, essentially, the scarcity value
of the resource, which as will be considered at
length in Part IV, rises as the resource is depleted
according to an efficient programme. Total rent is
simply unit rent times the number of units extracted.
As will be discussed in Chapter 19, it turns out that
following the Hartwick rule means that the total
value of the economy’s stock of reproducible cap-
ital together with its stock of the non-renewable
resource is held constant over time — as the value of
the remaining stock of the resource declines, so the
value of the stock of reproducible capital increases
in compensating amount. The constant consumption
level that goes with following the Hartwick rule can
be thought of as being like the interest on this con-
stant stock of total wealth.

4.2.4 Weak and strong sustainability

In some economic contributions to the sustainability
literature a distinction is made between ‘weak sus-
tainability’ and ‘strong sustainability’. In fact, the
point being made concerns differing views about the
conditions that need to be met for the realisation of
sustainability as constant consumption (or utility),
rather than different conceptions or definitions of
sustainability. “Weak’ is not a different kind of sus-
tainability from ‘strong’. Proponents of both weak
and strong sustainability take constant consumption
(or utility) to be what sustainability is. They differ

over what is necessary for its realisation, and the dif-
ference is actually about substitution possibilities.
In terms of the production functions just considered,
‘weak sustainabilists’ judge that the state of the
world is effectively captured by equation 4.7 with
o > B (or equation 4.5 even), while ‘strong sustain-
abilists’ see equation 4.6 as being more relevant.

As developed in the literature, the weak versus
strong sustainability debate makes extensive use
of the notion of ‘natural capital’, which we now
explain. Production potential at any point in time
depends on the stock of productive assets available
for use. This stock can be classified into human
labour and all other productive resources. Now let
us define the term ‘capital’ in a very broad sense, to
include any economically useful stock, other than
raw labour power. In this broad sense capital con-
sists of:

(a) Natural capital: any naturally provided stock,
such as aquifers and water systems, fertile land,
crude oil and gas, forests, fisheries and other
stocks of biomass, genetic material, and the
earth’s atmosphere itself. We have previously
discussed, in Chapter 2, the services that
the natural environment provides to the
economy. Talking of ‘natural capital’ is a
way of referring to the collectivity of the
environmental assets from which all such
services flow.

(b) Physical capital: plant, equipment, buildings
and other infrastructure, accumulated by
devoting part of current production to capital
investment.

(c) Human capital: stocks of learned skills,
embodied in particular individuals, which
enhances the productive potential of those
people.

(d) Intellectual capital: disembodied skills and
knowledge. This comprises the stock of useful
knowledge, which we might otherwise call
the state of technology. These skills are
disembodied in that they do not reside in
particular individuals, but are part of the
culture of a society. They reside in books and
other cultural constructs, and are transmitted
and developed through time by social learning
processes.
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If human-made capital is defined to be the sum of
physical, human and intellectual capital, then the
total stock of capital stock can be seen as consisting
of two parts: natural and human-made capital. The
latter is sometimes referred to as reproducible
capital.

This way of classifying production inputs leads
to writing the economy’s production function in
summary representative form as

Q= 0(L, Ky, Ky) (4.8)

where L represents labour, Ky natural capital and
Ky human-made capital. Note that we have defined
technology as part of Ky so that our formulation
does not allow the function itself to change with
changing technology. Within this framework, the
difference between weak and strong sustainabilists
turns on what they judge to be the extent of the
substitution possibilities between Ky and Kj,.

The operational difference is that proponents
of strong sustainability argue that sustainability
requires that the level of Ky be non-declining, while
proponents of weak sustainability argue that it
requires that it is the sum of Ky and Kj; that must be
non-declining. Clearly, going back to the previous
subsection, Solow and Hartwick are weak sustain-
abilists. Most, but not all, economists are weak sus-
tainabilists. Sustainability as non-declining K is the
third concept distinguished in Table 4.2. In so far as
their arguments can be cast within this framework,
most, but not all, ecologists are strong sustainabilists
— in effect, they judge the possibilities for substitut-
ing Ky for Ky to be rather limited.

Economists have tended to think about threats
to sustainability as constant consumption mainly in
terms of natural resource inputs to production and
the possible exhaustion of the stocks of natural
resources. It is in that context that their judgement
that Ky, can be substituted for Ky has to be under-
stood. Historical experience does tend to support the
idea that physical, human and intellectual capital
accumulation can offset any problems arising as
stocks of natural resources are depleted. It is also
true that there are many opportunities for substitu-
tion as between particulars of the general class of
natural resources — bauxite for copper, for example.

It is in regard to the life-support and amenity ser-
vices that natural capital provides, as discussed in

Chapter 2, that there appears to less ground for optim-
ism about the extent to which human-made capital
can be substituted for natural capital. As spacecraft
have already demonstrated, it is possible to use Ky
to provide necessary life-support services such as
temperature control, breathable air, etc., but only on
a small scale. It has yet to be demonstrated, or even
seriously argued, that human-made capital could
replace natural capital in providing life-support ser-
vices for several billions of humans. In regard to
amenity services, some take the view that a lack of
contact with the natural environment is dehumanis-
ing, and would argue that in this context we should,
as an ethical matter, regard the possibilities of Kj; for
K\ substitution as limited.

Clearly, the weak versus strong sustainability
question is multi-faceted, and does not permit of
firm precise answers, except in particular contexts.
There is no answer to the general question: how far
is Ky substitutable for Ky? And, in some particulars,
the answer is as much a matter of taste and/or ethics
as it is a matter of science and technology.

In terms of simple high-level policy advice, weak
sustainabilists say do not let the size of the total
stock of capital fall, while strong sustainabilists say
do not let the size of the natural capital stock fall.
In order to do either, it is necessary to be able to
measure the size of the natural capital stock. It is
not a homogeneous thing, but consists of many qual-
itatively different components. How, then, does one
define a single-valued measure of the natural capital
stock? How do we add two lakes and one forest
into a single value for natural capital, for example?
Anyone familiar with national income accounting
will recognise this difficulty. National income
accounts do have a single-valued measure of the
quantity of output. To obtain this, weights are
employed. For example, 2 cars plus 3 televisions
would correspond to an output of 26 if we agreed to
give each car a weight of 10 and each television a
weight of 2 in the summation. For output of goods,
an obvious weight to use is relative prices, and this
is what is done in the national accounts.

But there are no obvious weights to use for
aggregating individual items of natural capital.
Prices do not exist for many items of natural capital
and even where they do, there are many reasons why
one would not be willing to accept them as correct
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reflections of ‘true’ values. If prices are to be used
as weights, these prices will have to be imputed
somehow or other. We will leave a discussion of
how this might be done until Chapter 12 (on valuation
of environmental goods and services) and Chapter 19
(on environmental accounting). However, to anticip-
ate some conclusions we reach in those chapters,
most economists would agree that no fully satis-
factory method yet exists for valuing environmental
resources, and some would argue that none could
ever exist. This means that a criterion which says
that the total stock of natural capital should not be
allowed to fall comes up against the fundamental
problem that there is no satisfactory method of
measuring the total stock of natural capital. If the
stock of natural capital cannot be measured, then the
total capital stock cannot be measured.

Some strong sustainabilists argue for maintain-
ing individually subsets of K. For example, a very
strong version of the non-declining natural capital
stock criterion is implied by UNESCO in its asser-
tion that

Every generation should leave water, air and soil
resources as pure and unpolluted as when it came on
earth. Each generation should leave undiminished all
the species of animals it found on earth.

Such a criterion appears to be completely infeas-
ible. Almost every form of human activity will
have some adverse impact on the environment. For
example, human impacts will lead to the loss of
some species no matter how cautious and environ-
mentally conscious is our behaviour. Advocates of
the UNESCO position might respond by arguing
that this criterion should not be taken too literally. It
is not meant to imply that every single species, or
that every particular narrowly defined category
of natural capital, should suffer no loss in terms of
quality or quality. Rather, the requirement applies
to wider classes. Thus, some moist tropical forests
might be allowed to decline if that is compensated
for by an extension of natural temperate forest
cover. But this form of defence is unsatisfactory:
once some kind of substitutability is permitted
between subsets of natural capital, why not just
accept that the relevant object of interest — the thing
to be defended, if you like — is the total stock of
natural capital.

4.3  Ecologists on sustainability

Table 4.2 identified, as numbers 4 and 5, two
concepts of sustainability that originated with eco-
logists. In this section we shall look at those two
concepts, and at the related idea of the steady-state
economy. We shall also make some observations on
the general approach to policy that is frequently
advocated by ecologists.

4.3.1 Sustainable yields

As discussed in Chapter 2, renewable resources are
biotic populations — flora and fauna — where the
stock existing at a point in time has the potential to
grow by means of natural reproduction. If in any
period the harvest of the resource taken into the
economy is less than natural growth, stock size
grows. If the harvest is larger than natural growth,
stock size declines. If harvest is kept larger than
natural growth over successive periods, the stock
size will continuously fall and it may be harvested to
extinction — renewable resources are ‘exhaustible’.
If the harvest is the same size as natural growth,
stock size is constant and if harvest is always the
same as natural growth, the resource can be used
indefinitely at a constant rate. Such a harvest rate is
often referred to as a ‘sustainable yield’, as, in the
absence of exogenous shocks, it can be maintained,
or sustained, indefinitely.

For many of those who come to natural resource
management from an ecological background, it is
obvious that the correct rate of harvest is a sustain-
able yield. It is generally understood that, other
things being equal, natural growth varies with the
size of the stock. The basic idea, to be explained in
more detail in Chapter 17, is as follows. When the
population is small it is underexploiting its environ-
ment and can grow quickly. As the population
grows, so the growth rate declines, and goes to zero
when the population is fully exploiting its environ-
ment. The absolute amount of growth — numbers of
individuals, or mass — first increases, then levels off,
then declines to zero. This is shown in Figure 4.3,
where stock size, S, is measured along the horizon-
tal axis and absolute growth, G(S), is measured on
the vertical axis. The curve for G(S) is both the
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Figure 4.3 Sustainable harvests

graph for absolute growth and for sustainable har-
vests. Thus, for example, given stock size S;, H,
is the corresponding sustainable yield, while H, is
larger than that and would reduce the stock size.

The maximum amount of growth, G(S*), occurs
when the stock size is $*, and the harvest that just
takes the maximum amount of growth, H*, is known
as the ‘maximum sustainable yield’. H* is the
largest harvest that is consistent with non-declining
stock size and, hence, can be maintained indefin-
itely. For many ecologists, it is self-evident that the
ideal rate of harvest for a renewable resource would
be the maximum sustainable yield. As we shall see
in Chapter 17, this is not necessarily the conclu-
sion to which economic analysis leads, and, in fact,
maximum-sustainable-yield harvesting is econom-
ically efficient only in very special circumstances. In
some circumstances, it may not even be desirable,
according to economic criteria, to harvest on a sus-
tainable-yield basis.

Some ecologists take the view that sustainability
is to be defined as a situation where all of the
resource stocks exploited by the economy are har-
vested sustainably. Note that if this were done, the
sizes of each of the resource stocks would be con-
stant over time, and, in the language introduced in
the previous section, natural capital would be being
maintained intact. Note further that in such circum-
stances, the fact that it was being maintained intact
would be unambiguous because each stock would
itself be constant in size — there would be no need
to use weights to aggregate across declining and
increasing stocks.

Where an economy exploits non-renewable
natural resources, as all modern economies do, this
conceptualisation of sustainability runs into a major
difficulty. For non-renewable resources, natural
growth is zero, so that the only sustainable rate of
harvest for a non-renewable resource is zero. One
way round this difficulty that has been suggested
is to require that as the stock of a non-renewable
resource is run down, some of the proceeds arising
are used to generate the capacity to provide substi-
tutes for the resource. Thus, for example, the argu-
ment would be that as oil stocks are being depleted,
some of the rent arising should be spent on research
and development to make solar power available
at low cost. If all renewables were being exploited
on a sustainable-yield basis, and if the capacity
to deliver a constant flow of the services based on
non-renewable exploitation were being maintained,
then, on this view, we could say that we were in
a sustainable state. Note the similarities here with
the economic conceptualisation that is sometimes
referred to as ‘weak sustainability’ — feasibility
requires sufficient substitutability, and realisation
requires the appropriate savings and investment
behaviour.

4.3.2 Resilience

Ecological science looks at its subject matter within
a systems perspective. The whole system — the
biosphere — consists of an interlocking set of ecolo-
gical subsystems or ecosystems. Systems analysts
are concerned with organisational characteristics and
structure, and with systems dynamics — processes of
evolution and change.

Ecologists look at sustainability from the point of
view of an ecological system of which humans are
just one part. Sustainability is assessed in terms of
the extent to which the prevailing structure and pro-
perties of the ecosystem can be maintained. Human
interests are not regarded as paramount; rather, they
are identified with the continuing existence and
functioning of the biosphere in a form more or less
similar to that which exists at present. Thus:

Sustainability is a relationship between human
economic systems and larger dynamic, but normally
slower-changing, ecological systems in which 1)
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human life can continue indefinitely, 2) human
individuals can flourish, and 3) human cultures can
develop; but in which effects of human activities
remain within bounds, so as not to destroy the
diversity, complexity, and function of the ecological
life support system.

(Costanza et al., 1991, p. 8)

Ecological views are often more human-centred,
anthropocentric, than is made explicit in their
advocacy. There is generally a presumption, often
implicit, that the present system structure, including
the important place in it occupied by humans, is to
be preferred to others. To confirm that this is so,
consider the attitude an ecologist might take to
the threat of global warming. If large-scale global
warming were to occur, there is a high probability
that major ecosystem change would occur. The
biosphere would not cease to operate, of course —
it would just operate in a different way. We guess
that nearly all ecologists would take a stand against
global warming, and most would do so on the
grounds that human life is more threatened in a
changed ecosystem than in the present one. Some
non-human species would be much more favoured
in a biosphere operating in substantially different
ways from that which it currently does.

In this spirit, Common and Perrings (1992) argue
that ecological sustainability is a prerequisite for the
sustainability of the joint environment—economy
system, and that ecological sustainability requires
resilience. The concept of resilience was introduced
in Chapter 2. We can say that an ecosystem is
resilient if it maintains its functional integrity in
the face of exogenous disturbance. Common and
Perrings show that satisfying the conditions for
intertemporal economic efficiency (which are set
out in detail in Chapter 11 here) and following
the Hartwick rule is neither necessary nor sufficient
for sustainability as resilience. An economy—
environment system could, that is, be sustainable in
their sense without satisfying those conditions, and,
on the other hand, an economy which satisfied those
conditions could be unsustainable in their sense.
Basically, the problem is that the economic condi-
tions reflect individuals’ preferences — they derive
from consumer sovereignty — and there is no reason
to suppose that those preferences reflect the require-
ments of resilience.

As noted in Chapter 2, while we are able to
observe whether a system is resilient after a dis-
turbance has taken place, ex ante we cannot know
whether a system will be resilient in the face of
future shocks that it will be subject to. Further, we
do not know what form those future shocks will
take. We do know that a system could be resilient in
the face of a shock of one sort, but not in the face of
one of a different sort. Uncertainty pervades the
behaviour of ecological systems, ensuring that we
cannot know in advance whether some system is or
is not resilient.

Some authors have suggested that some indicators
are useful as monitoring devices: they can be used to
make inferences about potential changes in the
degree of resilience of ecosystems in which we are
interested. Schaeffer et al. (1988) propose a set of
indicators, including:

changes in the number of native species;
changes in standing crop biomass;

changes in mineral micronutrient stocks;
changes in the mechanisms of and capacity for
damping oscillations.

Suggestive as these and other indicators might be,
none can ever be a completely reliable instrument in
the sense that a satisfactory rating can be taken as a
guarantee of resilience. We return to the question of
sustainability indicators, mainly from an economic
perspective, in Chapter 19.

4.3.3 The steady-state economy

Writing in the early 1970s, prior to the emergence of
the concepts of ‘sustainability’ and ‘sustainable
development’, Herman Daly argued for the idea of
the ‘steady-state economy’ (see, for example, Daly,
1973, 1974). Daly’s arguments are based on the laws
of thermodynamics, and his steady-state economy
has much in common with Boulding’s ‘Spaceship
Earth’, considered in Box 1.1 in Chapter 1.

Recall that in Boulding’s spaceship economy,
perpetual reproducibility of the economic—physical
system (the spaceship) requires that a steady state be
achieved in which the waste flows from production
and consumption are equated with the system’s
recycling capacity. Reproducibility of the spaceship
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Box 4.2 Herman Daly: the steady-state economy

In his article ‘The economics of the steady state’
(1974), Daly begins by defining his concept of a
steady-state economy:

A steady-state economy is defined by constant
stocks of physical wealth (artifacts) and a
constant population, each maintained at
some chosen, desirable level by a low rate of
throughput — i.e., by low birth rates equal to low
death rates and by low physical production rates
equal to low physical depreciation rates, so that
longevity of people and durability of physical
stocks are high. The throughput flow, viewed as
the cost of maintaining the stocks, begins with the
extraction (depletion) of low entropy resources
at the input end, and terminates with an equal
quantity of high entropy waste (pollution) at the
output end. The throughput is the inevitable cost
of maintaining the stocks of people and artifacts
and should be minimized subject to the
maintenance of a chosen level of stocks.

Daly (1974), p. 15

The ultimate benefit of economic activity is the
services (want satisfaction) yielded by the stocks
of artefacts and people. Conventional indicators
of economic performance measure the wrong
thing: instead of measuring service flows, GDP
and the like measure throughputs. But there is
no longer any reason to believe that these two
will be closely correlated, or have a stable
relationship over time.

It is possible to make progress in the
steady state through two types of efficiency
improvement: either by maintaining a given
stock level with less throughput, or by obtaining
more services per unit of time from the same
stock. Unfortunately, the fundamental laws of
thermodynamics imply that these two forms of
efficiency gain are likely to be unobtainable in
the long term; we are condemned to efficiency
losses, not gains. The main reason for this arises
from the fact that

as better grade (lower entropy) sources of raw
materials are used up, it will be necessary to
process ever larger amounts of materials using
ever more energy and capital equipment to get
the same quantity of needed mineral.

Daly notes that a choice must be made about
the level of stocks in the steady state. Selecting
from the large number of feasible stock levels is
a difficult choice problem, involving economic,
ecological and ethical principles. We will never
be able to identify an optimal stock level and so,
as a matter of practice, should learn to be stable
at or near to existing stock levels.

Ultimately there is no real choice over whether
to seek a steady state. If the economic subsystem
is not to eventually disrupt the functioning of the
larger system of which it is a part, then at some
point the economy will have to be run in a
steady state. Daly does not claim that the steady
state is infinitely sustainable. Indeed, his view is
quite the opposite:

Thus a steady state is simply a strategy for good
stewardship, for maintaining our spaceship and
permitting it to die of old age rather than from the
cancer of growthmania.

The necessary ultimate demise of the system
arises from the irresistible force of increasing
entropy. Daly pours particular scorn upon those
economists who see substitution as the salvation
of perpetual growth. Conventional economists
envisage a sequence of substitution effects; as
one input becomes relatively scarce, it will be
replaced by another that is less relatively scarce.
The possibility of absolute scarcity is assumed
away in this approach. But, for Daly,

Substitution is always of one form of low entropy
matter—energy for another. There is no substitute
for low entropy itself, and low entropy is scarce,
both in its terrestrial source (finite stocks of
concentrated fossil fuels and minerals) and in

its solar source (a fixed rate of inflow of solar
energy).

Technology does not offer the solution to
perpetual economic growth that is often
claimed. All technologies obey the logic of
thermodynamics, and so we cannot appeal to
any technology to wrench us from the grasp of
the entropy principle. (See the epigraph at the
start of this chapter.)

as a functioning system over time implies that waste
flows cannot be ejected into outer space through the
air lock, as that would lead to a gradual depletion of
the material resource base upon which the space-
ship is reliant. As the maximum recycling capacity
of the system is determined by the (constant) flow of

incoming energy that can be harnessed from extra-
terrestrial sources, so there must be in this steady
state a maximum rate of sustainable materials usage
in the economy.

Daly’s steady-state economy, described in Box 4.2,
is similar, and he sometimes refers to it as a
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‘spaceship’. Although included in this section about
ecologists, Daly was trained — as was Boulding —
as an economist. Daly was greatly influenced by
Georgescu-Roegen (see Chapter 2), who started has
academic career as a physicist before becoming an
economist and introducing his new colleagues to
the laws of thermodynamics and their economic
implications. Boulding, Georgescu-Roegen and Daly
could all be regarded as ecological economists, in
that their main concern is with the implications
for economics of the fact that the economy and the
environment are interdependent systems, the joint
behaviour of which is subject to the laws of nature.
This determines the conceptions of sustainability
that emerge from their work. Note that, as indicated
in Box 4.2, Daly explicitly addresses the substitution
question. Like most of those who approach substi-
tutability from an ecological perspective, and in con-
trast to most economists, Daly sees limited prospects
for the substitution of human for natural capital.
Hence the argument for the preservation of the
latter. The ecological approach to sustainability is
basically of the ‘strong’ variety.

4.3.4 A cautious approach

As well as taking it that the ability of human-made
capital to substitute for natural capital is limited, the
ecological approach to sustainability is characterised
by an insistence that, as noted above in discussing
sustainability as resilience, our ability to predict the
ecological consequences of our behaviour is highly
imperfect. Our understanding of how natural sys-
tems function is very incomplete, and in thinking
about how to manage them in our interests we have
to recognise that there is great uncertainty. Given
this, ecologists generally argue for a cautious
approach to environmental policy. It is not that the
economic approach ignores the fact of imperfect
knowledge about the future consequences of current
action. It does not. As we shall see later, and in
Chapter 13 especially, economists have spent a lot
of time thinking about how to deal with the problem
of imperfect future knowledge.

However, in conceptualising the sustainability
problem and considering policy responses to it,
ecologists have tended to give uncertainty a more

central role than have most economists. Ecologists —
again using the term widely for those coming at the
problem from a natural science rather than an eco-
nomics perspective — have, for example, advocated
the precautionary principle. According to it, there
should be a presumption against any action which
may have adverse environmental impacts, and it
should be necessary to show convincingly that such
impacts will not occur before the action is permitted.
A closely related idea is that of the safe minimum
standard. According to it, actions that may entail
irreversible adverse environmental impacts should
not be undertaken unless it can be shown that this,
not undertaking the action, would give rise to unac-
ceptably large social costs. We shall discuss the pre-
cautionary principle and the safe minimum standard,
and other matters relating to uncertainty, in Chapter 13.

4.4  The institutional conception

The sixth concept of sustainability listed in Table 4.2
involved consensus building and institutional devel-
opment. This sort of view of sustainability is found
mainly in the writings of political scientists and
sociologists, though, of course, economists and
ecologists do recognise that sustainability is a prob-
lem with social, political and cultural dimensions.
This view focuses on processes, rather than looking
at outcomes or constraints as do the economic and
ecological approaches.

A good example of this school of thought is to
be found in a recent paper by de Graaf ef al. (1996,
p- 214). In this paper, sustainable development is
defined in two ways. First, as

development of a socio-environmental system with a
high potential for continuity because it is kept within
economic, social, cultural, ecological and physical
constraints.

and second, as

development on which the people involved have
reached consensus.

The first definition is described by the authors as
‘formal but not operational’, the second as ‘pro-
cedural, but does not guarantee stability’. De Graaf
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et al. begin from the premise that one cannot separ-
ate environmental objectives — such as avoiding
environmental catastrophes — from other social and
political objectives, such as the elimination of
poverty. It is therefore very much in the spirit of
the Brundtland report (WCED, 1987), discussed in
Chapter 2. The authors consider that conventional
approaches to sustainable development are funda-
mentally flawed by information problems and by
their failure to address issues of political will and
feasibility.
They classify conventional approaches as:

1. recognising that human societies are parts of
ecosystems, determining the carrying capacity
of those ecosystems, and then legislating to
prevent human activity exceeding carrying
capacities;

2. conceptualising environmental decline as
external costs, evaluating these costs in
monetary terms, and then using a price
mechanism to internalise these costs.

They argue that the first strategy is not sufficient
because its success is dependent on persuading cit-
izens, especially in their role as voters, of the need to
respect carrying capacities. It is also flawed because
carrying capacities are unknown (and are probably
unknowable — see our earlier remarks on uncer-
tainty). Further, carrying capacities are not technical
data but depend on human choices. To quote de
Graaf et al. on this:

Summing up, it is difficult or impossible to prove that
environmental limits exist and, if they do, what they
are. It is perhaps even more difficult to convince
people to respect those limits and to provide strategies
for doing so. One could say that this strategy
overestimates our knowledge of human carrying
capacity and underestimates the importance of socio-
economic factors.

(de Graaf et al., 1996, p. 208)

They argue that the second of the conventional
approaches, which is basically that of economists, is
also of limited usefulness for similar reasons, and
ultimately because it ‘overestimates the possibilit-
ies of pricing under difficult social circumstances’
(p- 209). In arriving at this claim, they argue that
some values are unpriceable, giving as examples cul-
tural development, nature conservation and landscape

planning. We will be discussing the issues that this
argument raises in Chapters 11 and 12.

In proposing a new strategy, de Graaf et al. urge
that we do not view the attainment of sustainability
as simply a technical problem. Fundamental limits
to our ability to know the consequences of human
behaviour mean that it is futile to look for necessary
or sufficient conditions for sustainability. De Graaf
et al. take a different tack altogether, proposing
consensus-building through negotiations. It is our
success in building a consensus about what should
and should not be done that is their criterion of sus-
tainability. The notion of negotiation that they have
in mind is very broad, referring to an institutional pro-
cess of social choice that involves people as widely
as possible, and involves a process of trade-offs in
which all benefit from the avoidance of environmen-
tal disturbances. It is not yet clear, however, exactly
what this negotiation process will consist of. Accord-
ing to de Graaf et al., research should be focused on
the structure and management of these negotiations,
and on the supply of relevant information about pre-
ventable problems and steerable development.

4.5  Sustainability and policy

The different conceptualisations of sustainability
discussed in the previous section should not be seen
as mutually exclusive. Rather, we have a situation
where people from differing academic disciplines
are trying to state what they see as the essence of
a very complicated problem. The problem involves
the subject matter of the natural as well as the
social sciences. The various conceptions should be
regarded as complementary rather than competitive.
In this final section of the chapter, we will briefly
review some of the general lessons about policy that
such a synthetic approach yields. The rest of the
book is mainly about working through the economic
approach to dealing with the interdependencies
between humans and nature which are the origin of
the sustainability problem.

Our particular observations on policy can be
conveniently classified as relating to incentives,
information and irreversibility. Before looking at
each of these in turn, it will be useful to make some
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general observations on the role of the models
of economic theory in relation to policy analysis.
Similar observations could be made about ecolo-
gical theory and models, but this is primarily a book
about economics.

4.5.1 Economic models and policy
prescription

In order to illustrate the role of abstract modelling
let us consider again the derivation of the Hartwick
rule. The starkest setting for the sustainability prob-
lem is one where an economy has a fixed quantity
of some non-renewable resource, the recycling of
which is impossible. Suppose that consuming this
resource directly is the only source of human utility.
What is the largest constant rate of consumption of
this stock that is feasible over indefinite time? The
answer must be zero, because of the finiteness of
the stock. The situation here is the same as that
discussed above — the cake-eating model — where
the resource is essential in production and cannot be
substituted for at all.

Now suppose that the resource stock is not con-
sumed directly, but is an input, together with human-
made capital, into the production process: the output
of this production process can be either consumed or
accumulated as capital. Let us now re-pose the ques-
tion: what is the largest constant rate of consumption
in this economy that is feasible over indefinite time?
The analysis of this model shows that under certain
conditions, the answer is no longer zero; some posit-
ive amount of consumption can be maintained in
perpetuity. What conditions are required to obtain
this result?

The first condition concerns, as discussed above,
substitutability between the resource and human
capital: these two inputs must be substitutable for
one another in a particular way. What is required is
that as the resource is depleted, so the physical cap-
ital stock can be accumulated so as to substitute for
the resource in the production process in such a way
that there is always enough output to hold consump-
tion constant and provide the necessary investment.

The second condition is that the resource be
extracted according to an efficient programme. We
shall define and explain exactly what is meant by an

efficient programme in Chapters 11 and 14. Basic-
ally it means a programme which is such that there
is no waste in the sense that the use over time of the
resource could be changed so as to increase output at
one time without decreasing it at another time.

The third condition is the Hartwick rule, which
concerns the rate at which capital is accumulated.
This rule requires that the rents arising in resource
extraction should be saved and invested. If constant
consumption indefinitely is feasible — condition 1 —
and if the extraction programme is efficient —
condition 2 — then following the Hartwick rule
will mean that consumption is constant indefinitely.
Lying behind this result is a very simple idea: given
substitutability and efficiency, the savings rule
implies that a compensating increase in the stock of
reproducible capital is taking place. The Hartwick
rule ensures that an aggregate measure of capital is
being maintained at a constant level.

Clearly, strong assumptions are required for the
Hartwick rule to ‘work’. Since not all of these con-
ditions will be met in practice, one might argue that
the practical usefulness of this rule is very limited.
However, this is not really the way in which to
appraise the value of this model. On the contrary, its
value lies in forcing us to think about the important
roles that substitutability and efficiency play.

In practice in an economy that exploits a non-
renewable resource there is no guarantee that
following the Hartwick rule will ensure that con-
sumption will not decline over time, because the
actual economy is not identical to the economy in
Hartwick’s model. However, there are very good
grounds for believing that if the rule were adopted
sustainable outcomes would be more likely than
if the rule were not adopted. What is clear is that if
sustainability as constant consumption is feasible,
and the Hartwick rule is not followed — with the rent
used for consumption rather than investment — then
sustainability as constant consumption will not be
realised and eventually consumption must decline. It
does make sense to argue as a practical matter that
as the resource is depleted, human-made capital
should be accumulated to compensate for the dimin-
ishing resource base. Once the model has been used
to derive the rule, it is clear that it is an intuitively
appealing practical guide to prudent behaviour; this
is explored further in Chapter 19.
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How could the Hartwick rule be implemented?
The required level of accumulation of capital would
only be forthcoming in a market economy if all deci-
sion makers used a particular socially optimal dis-
count rate. As this will almost certainly not happen
in any actual market economy, another mechanism
would be required. To bring forth the optimal
amount of savings over time, government could tax
resource rents, and invest the proceeds in human-
made capital. Taxing resource rents turns out to be
fairly difficult, as they are often not easily identified.
Devising the tax regime which would do the job is
a matter for those with detailed knowledge of the
extraction industry, not for economic theorists
concerned about sustainability. However, it is also
the case that without the work of economic theorists
such as John Hartwick, it would not have been
known what task those specialist tax designers
should be set.

The economic models used to analyse sustain-
ability issues are generally abstract analytical con-
structs. Herein lie both the strength and the
weakness of much of the conventional economics
contribution to sustainability. Analytical models can
sharpen our insights, and force us to think about
what is crucial in any problem. Beginning with a set
of assumptions, we can often deduce very powerful
general conclusions. But these rarely take a form
that is immediately applicable to detailed policy pre-
scription. The case of the Hartwick rule also illus-
trates another important point. The deductions from
a model are dependent on the particular assumptions
built into it. These assumptions are not usually based
on concrete descriptions of conditions that actually
prevail, but are idealised mental constructs, and may
be inappropriate as such. Following the savings and
investment policy that is the Hartwick rule will only
produce sustainability as constant consumption if
that is feasible. As we have noted, some argue that
it is not generally appropriate to assume that kind
of substitutability. The modelling that leads to the
Hartwick rule identifies substitutability as a key
issue, but it does not resolve the issue.

4.5.2 Incentives

One way in which economists have used abstract
analytical models is to show that, given certain

conditions, selfish individual behaviour operating
through a system of markets will, in some sense,
serve the general social interest. The point of this
kind of economic theorising is not to argue that
everything should be left to market forces. On the
contrary, the point is to identify precisely the con-
ditions which need to be satisfied if markets are to
work properly, and on the basis of that to map out,
in general terms, the sorts of policy interventions
necessary to improve their performance where those
conditions are not satisfied. Chapter 5 sets out the
conditions under which markets work to serve the
general interest, and explains the sense in which
they do that.

The sense in which they serve the general interest
is that, given ideal circumstances, they bring about
efficient outcomes. An efficient outcome is a situ-
ation where no individual can be made better off
except at the cost of making some other indi-
vidual(s) worse off. It is in this sense that efficiency
means that there is no waste. However, markets do
not, even given ideal circumstances, necessarily
bring about outcomes that are fair. An efficient
market outcome could involve major inequalities
between individuals. To appreciate this point ima-
gine two individuals sharing a fixed amount of some-
thing. So long as the two shares exhaust the supply,
any allocation is efficient, including, for example,
one where A gets 99% and B gets 1%.

As we shall see in Chapter 5, and subsequently, as
regards many of the services provided by the natural
environment, the ideal circumstances necessary for
market incentives to lead to efficient outcomes are
not satisfied. With regard to environmental services,
we often get ‘market failure’ — in the absence of
corrective policy, market-based incentives send the
wrong signals to firms and individuals. Much of
environmental and resource economics, and hence
of the rest of this book, is about the analysis of mar-
ket failure and of corrective policies. It is important
to be clear, and we shall spend some time on this in
what follows, that policy to correct market failure
will, if successful, bring about efficiency, but will
not, unless accompanied by other measures, neces-
sarily bring about fairness.

Chapter 5 looks at these matters in terms of
allocations at a point in time — it is concerned with
intratemporal efficiency and fairness. Chapter 11
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is concerned with allocations over time — with inter-
temporal efficiency and fairness. As we shall see in
Chapter 11, the point just made about markets and
intratemporal allocation carries over to markets and
intertemporal allocation. We can, that is, postulate
circumstances in which markets promote inter-
temporal efficiency, but there is no reason to suppose
that they serve the cause of intertemporal fairness.
Actually, we have already encountered some ana-
lysis which illustrates this point when looking at a
model where a non-renewable resource is used in
production. In the previous chapter we saw, see
panel b of Figure 3.6, that ‘optimal growth’ in such
a model would involve consumption declining in
the long term. Given various assumptions, it can
be shown that a market system would follow this
optimal-growth path. In this chapter, we have seen
that in this kind of model it is necessary to impose
a constraint — the Hartwick rule — on behaviour to
achieve intertemporal justice as constant consump-
tion. Efficiency here is necessary but not sufficient
for the fairness that is embodied in the concept of
sustainability as constant consumption.

As we shall see, most economic analysis leads
to the conclusion that this is generally the case —
sustainability requires that market failure is cor-
rected (using the sorts of instruments that we shall be
discussing in detail in what follows), but correcting
market failure does not in itself ensure sustainab-
ility. Purely self-interested behaviour driven by mar-
ket forces will not succeed in moving economies
very far towards sustainability unless additional
incentives are provided to steer that behaviour in
appropriate directions. Attempts to show that
‘green’ behaviour can be privately profitable tend to
rely on evidence that is both anecdotal and selective.
As we show repeatedly in later chapters, there are
strong grounds for believing that, in the absence of
policy interventions, financial incentives typically
work in the opposite direction: environmentally
responsible behaviour is costly, and individuals have
incentives to pass costs on to others. It is often, for
example, in the interests of individual harvesters
of renewable resources to maximise current rates
of harvest rather than to manage the resource on a
sustainable basis. The fishing industry throughout
the world provides one clear example of the last-
mentioned point. This is discussed in Chapter 17.

As will be explained in Chapter 5, a necessary
condition for an uncontrolled system of markets to
properly promote social welfare is that all of the
things that affect it are the subject of private prop-
erty rights. This is because in the absence of such
rights economic agents will not be made to face all
of the costs that their actions entail, so that they do
not face the proper incentives. Many of the services
that the natural environment provides are such that
they are not privately owned. In that case, gov-
ernment can seek to alter individuals’ incentives
by direct regulation or by taxes/subsidies. This is
equivalent to establishing collective ownership, or
property rights. Many economists argue that an
alternative, and superior, approach is to legislate
private property rights, and then let the market work
to control the use of the environmental services at
issue. In some cases this alternative is feasible, but
in others it is not, in which case there is a need for
ongoing governmental intervention in the market
system. The creation of the necessary incentives for
the proper use of environmental services under com-
mon ownership, will have an important part to play
in any programme for sustainable development.

4.5.3 Information

The prospects for sustainable development will be
enhanced if pollution flows are reduced, recycling
is encouraged, and more attention is given to the
regulation, management and disposal of waste. How
can this be achieved? One school of thought argues
that information is of central importance. Businesses
sometimes seem able to increase profitability by
behaving in environmentally friendly ways, and
consumers sometimes appear to give preference
to sellers with good environmental credentials. It
is easy to find examples to support such claims.
Consider the Dow Chemical Corporation: this organ-
isation, by refining its method of synthesising agri-
cultural chemicals at its Pittsburgh (California)
plant, reduced its demand for a key reactant by 80%,
eliminated 1000 tons of waste annually, and reduced
costs by $8 million per year (Schmidheiny, 1992,
p. 268). Much has also been made of the power that
the green consumer can have in altering producer
behaviour (see Smart, 1992, for one example).
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Proponents of the view that self-interest will stim-
ulate environmentally friendly behaviour sometimes
argue that the potential of this is limited only by the
amount of relevant information that consumers and
producers possess. On this view, environmental
problems largely reflect ignorance; if that ignorance
were to be overcome by improving the quality of
information flows, much progress could be made
towards sustainable economic behaviour.

An example of the role that can be played by
information is given by the US Toxics Release
Inventory (TRI). In 1986, the US government
enacted legislation which required businesses to
quantify their emissions of any of the 313 toxic sub-
stances covered by the TRI. The public exhibition of
this information, no doubt linked with fears of pos-
sible future control, has served as a powerful incent-
ive on firms to revise their production processes,
and many large firms have voluntarily committed
themselves to very demanding clean-up targets.
Similar disclosure schemes are planned or are in
operation in the European Union, Canada, Australia
and India (Sarokin, 1992; WWF, 1993; Business
Week, 1991).

While the provision of better information may
assist environmental protection, there is no guaran-
tee that it will do so. As already noted, private
incentives are not necessarily consistent with envir-
onmentally friendly behaviour, and improved
information flows will be of no help if private
interests conflict with the promotion of social
welfare. In the absence of the right incentives, the
argument that better information will lead decision
makers to behave in more socially responsive ways
may be wishful thinking.

A major vehicle for the dissemination of informa-
tion is education. One often comes across arguments
that government should educate its young citizens to
be more aware of the impacts of human activities on
the environment. Much the same kind of comments
we made about the role of information apply to this
argument. There is, however, one important differ-
ence. Education is not only about the dissemination
of information. It is also one of the ways in which
cultural values are developed and transmitted. One
may believe that education should teach people to
behave in certain ways, but if so, it is sensible to be
clear that the role that education is being expected to

play is one of socialisation rather than the provision
of information per se.

A strong case can be made that generous funding
and promotion of pure and applied research by the
public sector will assist in the pursuit of sustainab-
ility goals. There are two points to be made here.
First, the products of research are often what are
known in economics as ‘public goods’. This termino-
logy is fully explained in Chapter 5. Here we can
say that public goods have the characteristic that
once provided they are available to all and that the
provider cannot capture the full value of provision.
The arising incentive structure is, as discussed in
Chapter 5, such that public goods will tend to be
under-provided (or not provided at all) by profit-
seeking organisations operating in markets.

The second point is that research is likely to be
valuable where environmental preservation is con-
cerned. It can, for example, generate new pollution
abatement technologies, contribute to economically
viable methods of harnessing renewable energy flow
resources, lead to organic substitutes for materials
such as plastics currently derived from crude oil,
and produce crop varieties that can more easily
tolerate environmental stresses. The public pro-
vision of many kinds of research activity is likely
to be important in the pursuit of sustainability.

4.5.3.1 Environmental accounting

If sustainability is a social goal, then it would seem
necessary to have in place a system for collecting
and publishing information about whether or not
the goal is being achieved. Currently, such systems
are not generally in place, and the sustainability
literature contains many contributions suggesting
‘sustainability indicators’ of various kinds. Chapter 19
is an extended discussion of the nature and role of
various kinds of sustainability indicators. Here we
can just note the two basic approaches.

The first is based upon the idea of modifying
national income accounting conventions and prac-
tices so that what gets measured is sustainable
national income, which is the highest level of con-
sumption that can be maintained indefinitely. A
variant of this approach involves measuring and
reporting ‘genuine saving’ as conventionally defined
saving and investment minus the monetary value of
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the depletion of the stock of natural resources. Since
that monetary value is to be measured as the size of
the rents arising in extraction in the relevant period,
negative genuine saving indicates that the Hartwick
rule — save and invest an amount equal to depletion
rents — is not being followed, so that it follows that
behaviour is not consistent with sustainability
requirements.

The second approach involves looking for indic-
ators that directly and closely relate to whatever
criteria of sustainability have been adopted. An
example of this approach is the work of Schaeffer
et al. (1988) noted above, which adopts a concept of
sustainability based on ideas about resilience and
proposes a set of indicators including:

changes in the number of native species;
changes in standing crop biomass;

changes in mineral micronutrient stocks;
changes in the mechanisms of and capacity for
damping oscillations.

It needs to be noted again here that presenting
new information does not in itself alter the incent-
ives facing individual decision makers. However,
it is widely argued that by drawing attention to
the consequences of activities, or by putting these
in sharper relief, requiring firms to provide the
information on which national sustainability indicator
measurements would be based may encourage beha-
vioural changes. For example, many firms appear to
have very poor procedures for recording quantities
of waste flows, where they originate, how much cost
is associated with waste controls and to which activ-
ity these costs can be attributed. More generally,
environmental impacts and the costs of environ-
mental management within firms are not usually
adequately represented in a cost-accounting frame-
work. Similarly, when legislative or administrative
controls impose costs of environmental control on
firms, these costs are not usually attributed to particu-
lar production processes, but are treated as general
environmental management expenses. This hides the
true costs of particular products and processes from
managers, and undervalues the benefits to the firm
of pollution-control programmes. An implication is
that firms should be encouraged to develop cost-
accounting procedures so that pollution-control
costs and benefits can be evaluated at the level of

individual products and processes within the firm.
Not only will this create correct signals for resource
allocation decisions within the firm, but it will create
a recording framework that will enable the govern-
ment to more easily and accurately compile national
accounts that pay due attention to environmental
impacts of economic activity. As noted, the final
chapter, 19, of this book will examine such national
accounting procedures.

The pursuit of sustainability can also be helped
by encouraging firms to adopt what are sometimes
called ‘green design principles’, which would build
on better information. The objective of green design
is to minimise the environmental impact of a pro-
duct though its life cycle without compromising the
product’s performance or quality. Green design can
be assisted by life-cycle assessment, a process which
attempts to measure the total environmental impact
of a product from its conception through to any
effects that result from its final disposal (in whole
or in parts) to the environment. Government can
encourage firms to adopt green design by extending
the legal liability of firms to all damages over the life
cycle of the products that they sell (see Chapter 7 for
a discussion of this policy instrument).

4.5.4 lrreversibility

If all resource-use decisions were reversible, then
much of the force behind sustainability arguments
would be lost. If we were to discover that present
behaviour is unsustainable, then our decisions could
be changed in whatever way and at whatever time
was deemed appropriate. Reversibility implies that
nothing would have been irretrievably lost.

But many decisions about the use of environ-
mental services cannot be reversed, particularly
those that involve the extraction of resources or the
development of undisturbed ecosystems. When irre-
versibility is combined with imperfect knowledge
of the future then optimal decision rules can change
significantly. In these circumstances, there are good
reasons for keeping options open and behaving in a
relatively cautious manner (with a presumption
against development built into each choice). Clearly,
this has important implications for policy appraisal
methods and rules, as we demonstrate in Chapter 13.
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Summary

Economists typically conceptualise sustainability as constant, or non-declining, consumption (or util-
ity). Given the use of a model where there is a single commodity, this is equivalent to sustainability as
maintaining productive potential through time. Ecologists are more inclined to focus explicitly on the
properties of the biosphere, such as resilience, than on human welfare. However, in effect, their
approach is also anthropocentric and at the level of general objectives the approaches should be seen
as complementary rather than competitive. Ecologists tend to be less optimistic than economists about
the possibilities of substituting human-made for natural capital, so that at the level of particular object-
ives they tend to favour some variant of ‘keep natural capital intact’ whereas economists tend to favour
‘keep total capital intact’. Ecologists tend, that is, to be ‘strong sustainabilists’ whereas economists tend
to be ‘weak sustainabilists’. Ecologists are more inclined to urge a cautious approach to policy object-
ives, and less inclined to rely on price incentives as policy instruments.

Further reading

Redclift (1992) examines a number of the dimen-
sions within which the idea of sustainable develop-
ment can be explored, as do Pezzey (1992, 1997),
Barbier and Markandya (1990), Common (1995)
and Lele (1991). Farmer and Randall (1997) present
an overlapping generations model in which sus-
tainability issues are examined. Van den Bergh and
Hofkes (1999) review economic models of sus-
tainable development, while Faucheux et al. (1996)
contains a number of models representing differing
disciplinary approaches. Good general surveys are
presented in Barbier (1989a), Klassen and Opschoor
(1991), Markandya and Richardson (1992), Toman
et al. (1993), and Neumayer (1999) which has a
very comprehensive bibliography. Beckerman
(1994) argues that the concept of sustainability is not
useful. The argument that policy should be directed
towards maintaining a non-declining natural capital
stock appears to have first been developed in Pearce
and Turner (1990).

The ecological economics approach to sustainab-
ility is explored in various contributions to K&éhn

et al. (1999); see also Pearce (1987), Costanza
(1991), Common and Perrings (1992), Goodland
(1999) and Soderbaum (2000). Page (1997) com-
pares two approaches to the problem of achieving
the goals of sustainability and intergenerational
efficiency.

Seminal economic contributions in the frame-
work of the neoclassical growth model, are to be
found in Solow (1974b, 1986) and Hartwick (1977,
1978); further references in this area will be given
in Chapter 19. Historically interesting contributions
from a more ecological perspective are Boulding
(1966) and Daly (1974, 1977, 1987). Daly (1999) is
a recent restatement of his position as set out in
Box 4.2 here. An interesting assessment of the con-
tribution of scientific understanding to the debate is
to be found in Ludwig et al. (1993).

The original contribution arguing for a cautious
approach to environmental conservation is Ciriacy-
Wantrup (1968). As noted, we deal with issues of
uncertainty and irreversibility in Chapter 13, where
further references will be provided.
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Discussion questions

1. To what extent are the ecologist’s and the
economist’s concepts of sustainable behaviour
mutually consistent?

3. Can you think of any incentives that you face
that encourage you to behave in ways consistent
with sustainability? Can you think of any that

2. Given that the question of the substitution have the opposite effects? How could the latter
possibilities as between human-made and be changed?
natural capital is so important, how can the fact
that we do not know the answer be explained?

Problems

1. Find the marginal and average products of K 2. Show that the equation
and R for Q = K°RP with o+ B= 1..This is G(S) = g(1 — (SIS, })S
the Cobb-Douglas production function 4.7 for
which panel b of Figure 4.2 is drawn. How do gives the density-dependent growth shown in
your results for the average and marginal
products relate to the feasibility of indefinite
constant consumption despite the fact that O =0 and express the maximum sustainable yield in
for R=0? terms of the parameters of the equation.

max

Figure 4.3, and that then S* is equal to ST



CHAPTER 5

Welfare economics and the

environment

Welfare economics is the branch of economic theory which has investigated the nature of the

policy recommendations that the economist is entitled to make.

Learning objectives

In this chapter you will

m learn about the concepts of efficiency and
optimality in allocation

m derive the conditions that are necessary
for the realisation of an efficient allocation

= find out about the circumstances in which
a system of markets will allocate efficiently

m learn about market failure and the basis
for government intervention to correct it

m find out what a public good is, and how to
determine how much of it the government
should supply

m learn about pollution as an external effect,
and the means for dealing with pollution
problems of different kinds

m encounter the second-best problem

Introduction

When economists consider policy questions relating
to the environment they draw upon the basic results
of welfare economics. The purpose of this chapter is
to consider those results from welfare economics
that are most relevant to environmental policy prob-
lems. Efficiency and optimality are the two basic
concepts of welfare economics, and this chapter
explains these concepts as they relate to problems of
allocation. There are two classes of allocation prob-
lem: static and intertemporal. Efficiency and optim-

Baumol (1977), p. 496

ality are central to both. In this chapter we confine
attention to the static problem — the allocation of
inputs across firms and of outputs across individuals
at a point in time. The intertemporal problem —
allocation over time — is dealt with in Chapter 11.
If you have previously studied a course in welfare
economics, you should be able to read through the
material of this chapter rather quickly. If not, the
chapter will fill that gap.

There are three parts to this chapter. The first states
and explains the conditions required for an allocation
to be (a) efficient and (b) optimal. These conditions
are derived without regard to any particular institu-
tional setting. In the second part of the chapter, we
consider how an efficient allocation would be brought
about in a market economy characterised by particu-
lar institutions. The third part of the chapter looks at
the matter of ‘market failure’ — situations where the
institutional conditions required for the operation of
pure market forces to achieve efficiency in alloca-
tion are not met — in relation to the environment.

PART 1 EFFICIENCY AND OPTIMALITY

In this part, and the next, of this chapter we will, fol-
lowing the usage in the welfare economics literature,
use ‘resources’ to refer generally to inputs to pro-
duction rather than specifically to extractions from
the natural environment for use in production. In
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fact, in these parts of the chapter, when we talk
about resources, or ‘productive resources’ we will
have in mind, as we will often make explicit, inputs
of capital and labour to production.

At any point in time, an economy will have access
to particular quantities of productive resources. Indi-
viduals have preferences about the various goods
that it is feasible to produce using the available
resources. An ‘allocation of resources’, or just an
‘allocation’, describes what goods are produced and
in what quantities they are produced, which com-
binations of resource inputs are used in producing
those goods, and how the outputs of those goods are
distributed between persons.

In this section, and the next, we make two
assumptions that will be relaxed in the third part of
this chapter. First, that no externalities exist in either
consumption or production; roughly speaking, this
means that consumption and production activities
do not have unintended and uncompensated effects
upon others. Second, that all produced goods and
services are private (not public) goods; roughly
speaking, this means that all outputs have character-
istics that permit of exclusive individual consump-
tion on the part of the owner.

In the interests of simplicity, but with no loss of
generality, we strip the problem down to its barest
essentials. Our economy consists of two persons (A
and B); two goods (X and Y) are produced; and pro-
duction of each good uses two inputs (K for capital
and L for labour) each of which is available in a
fixed quantity.

Let U denote an individual’s total utility, which
depends only on the quantities of the two goods that
he or she consumes. Then we can write the utility
functions for A and B in the form shown in equa-
tions 5.1:

U*=UMNX™, YY)
(5.1
UB — UB(XB, YB)
The total utility enjoyed by individual A, denoted
U*, depends upon the quantities, X* and Y*, he or
she consumes of the two goods. An equivalent state-
ment can be made about B’s utility.
Next, we suppose that the quantity produced of
good X depends only on the quantities of the two
inputs K and L used in producing X, and the quantity

produced of good Y depends only on the quantities
of the two inputs K and L used in producing Y. Thus,
we can write the two production functions in the
form shown in 5.2:

X =X(K*, L¥)
5.2)
Y=Y(K", L")

Each production function specifies how the output
level varies as the amounts of the two inputs are
varied. In doing that, it assumes technical efficiency
in production. The production function describes,
that is, how output depends on input combinations,
given that inputs are not simply wasted. Consider a
particular input combination K5 and LY with X, given
by the production function. Technical efficiency
means that in order to produce more of X it is neces-
sary to use more of K* and/or L*.

The marginal utility that A derives from the
consumption of good X is denoted Uy; that is,
U% = 0U*/0X*. The marginal product of the input
L in the production of good Y is denoted as MP};
that is, MP} = 0Y/dL". Equivalent notation applies
for the other three marginal products.

The marginal rate of utility substitution for A is
the rate at which X can be substituted for Y at the
margin, or vice versa, while holding the level of A’s
utility constant. It varies with the levels of con-
sumption of X and Y and is given by the slope of the
indifference curve. We denote A’s marginal rate of
substitution as MRUS?*, and similarly for B.

The marginal rate of technical substitution as
between K and L in the production of X is the rate at
which K can be substituted for L at the margin, or
vice versa, while holding the level output of X con-
stant. It varies with the input levels for K and L and
is given by the slope of the isoquant. We denote the
marginal rate of substitution in the production of X
as MRTS,, and similarly for Y.

The marginal rates of transformation for the com-
modities X and Y are the rates at which the output of
one can be transformed into the other by marginally
shifting capital or labour from one line of produc-
tion to the other. Thus, MRT, is the increase in the
output of Y obtained by shifting a small, strictly an
infinitesimally small, amount of labour from use in
the production of X to use in the production of Y, or
vice versa. Similarly, MRTy is the increase in the
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output of Y obtained by shifting a small, strictly an
infinitesimally small, amount of capital from use in
the production of X to use in the production of Y, or
vice versa.

With this notation we can now state, and provide
intuitive explanations for, the conditions that char-
acterise efficient and optimal allocations. Appendix
5.1 uses the calculus of constrained optimisation
(which was reviewed in Appendix 3.1) to derive
these conditions formally.

5.1 Economic efficiency

An allocation of resources is said to be efficient if it
is not possible to make one or more persons better
off without making at least one other person worse off.
Conversely, an allocation is inefficient if it is possible
to improve someone’s position without worsening
the position of anyone else. A gain by one or more
persons without anyone else suffering is known as a
Pareto improvement. When all such gains have been
made, the resulting allocation is sometimes referred
to as Pareto optimal, or Pareto efficient. A state in
which there is no possibility of Pareto improvements
is sometimes referred to as being allocatively effici-
ent, rather than just efficient, so as to differentiate
the question of efficiency in allocation from the
matter of technical efficiency in production.

Efficiency in allocation requires that three effici-
ency conditions are fulfilled — efficiency in con-
sumption, efficiency in production, and product-mix
efficiency.

5.1.1 Efficiency in consumption

Consumption efficiency requires that the marginal
rates of utility substitution for the two individuals
are equal:

MRUS* = MRUS? (5.3)

If this condition were not satisfied, it would be pos-
sible to rearrange the allocation as between A and B of
whatever is being produced so as to make one better

Ay

Figure 5.1 Efficiency in consumption

off without making the other worse off. Figure 5.1
shows what is involved by considering possible allo-
cations of fixed amounts of X and Y between A and
B.! The top right-hand corner, labelled A,, refers to
the situation where A gets nothing of the available X
or Y, and B gets all of both commodities. The bottom
left-hand corner, B, refers to the situation where B
gets nothing and A gets everything. Starting from A,
moving horizontally left measures A’s consumption
of X, and moving vertically downwards measures
A’s consumption of Y. As A’s consumption of a
commodity increases, so B’s must decrease. Starting
from B, moving horizontally right measures B’s
consumption of X, and moving vertically upwards
measures B’s consumption of Y. Any allocation of
X and Y as between A and B is uniquely identified
by a point in the box SATB,. At the point a, for
example, A is consuming A Ay, of X and AjAy, of
Y, and B is consuming B;By, of X and B;B,, of Y.
The point a is shown as lying on I,I,, which is an
indifference curve for individual A. I,I, may look
odd for an indifference curve, but remember that it
is drawn with reference to the origin for A which is
the point A,. Also shown are two indifference curves
for B, Iy, and I I;,. Consider a reallocation as
between A and B, starting from point a and moving
along I,I,, such that A is giving up X and gaining Y,
while B is gaining X and giving up Y. Initially, this
means increasing utility for B, movement onto a

1 This figure is an ‘Edgeworth box’.
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higher indifference curve, and constant utility for A.
However, beyond point b any further such realloca-
tions will involve decreasing utility for B. Point b
identifies a situation where it is not possible to make
individual B better off while maintaining A’s utility
constant — it represents an efficient allocation of the
given amounts of X and Y as between A and B. At b,
the slopes of 1,1, and Iy, I, are equal — A and B
have equal marginal rates of utility substitution.

5.1.2 Efficiency in production

Turning now to the production side of the economy,
recall that we are considering an economy with two
inputs, L and K, which can be used (via the produc-
tion functions of equations 5.2) to produce the goods
X and Y. Efficiency in production requires that the
marginal rate of technical substitution be the same in
the production of both commodities. That is,

MRTS, = MRTS, (5.4)

If this condition were not satisfied, it would be
possible to reallocate inputs to production so as to
produce more of one of the commodities without
producing less of the other. Figure 5.2 shows why
this condition is necessary. It is constructed in a sim-
ilar manner to Figure 5.1, but points in the box refer

Figure 5.2 Efficiency in production

to allocations of capital and labour to the production
of the two commodities rather than to allocations
of the commodities between individuals.” At X, no
capital or labour is devoted to the production of
commodity X — all of both resources is used in the
production of Y. Moving horizontally to the left
from X, measures increasing use of labour in the
production of X, moving vertically down from X,
measures increasing use of capital in the production
of X. The corresponding variations in the use of
inputs in the production of Y — any increase/decrease
in use for X production must involve a decrease/
increase in use for Y production — are measured in
the opposite directions starting from origin Y,

IxIx is an isoquant for the production of commod-
ity X. Consider movements along it to the ‘south-
east’ from point a, so that in the production of X
capital is being substituted for labour, holding output
constant. Correspondingly, given the full employ-
ment of the resources available to the economy,
labour is being substituted for capital in the produc-
tion of Y. Iy,Iy, and Iy, Iy, are isoquants for the pro-
duction of Y. Moving along IyI; from a toward b
means moving onto a higher isoquant for ¥ — more Y
is being produced with the production of X constant.
Movement along IyIy beyond point b will mean
moving back to a lower isoquant for Y. The point b
identifies the highest level of production of Y that is
possible, given that the production of X is held at the
level corresponding to Iy Iy and that there are fixed
amounts of capital and labour to be allocated as
between production of the two commodities. At
point b the slopes of the isoquants in each line of
production are equal — the marginal rates of tech-
nical substitution are equal. If these rates are not
equal, then clearly it would be possible to reallocate
inputs as between the two lines of production so as
to produce more of one commodity without pro-
ducing any less of the other.

5.1.3 Product-mix efficiency

The final condition necessary for economic effici-
ency is product-mix efficiency. This requires that

2

Appendix 5.1 establishes that all firms producing a given commodity are required to operate with the same marginal rate of technical

substitution. Here we are assuming that one firm produces all of each commaodity.
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Figure 5.3 Product-mix efficiency

MRT, = MRT, = MRUS* = MRUS? (5.5)

This condition can be understood using Figure 5.3.
Given that equation 5.3 holds, so that the two indi-
viduals have equal marginal rates of utility sub-
stitution and MRUS* = MRUS®, we can proceed as
if they had the same utility functions, for which II
in Figure 5.1 is an indifference curve with slope
MRUS. The individuals do not, of course, actually
have the same utility functions. But, given the equal-
ity of the MRUS, their indifference curves have the
same slope at an allocation that satisfies the con-
sumption efficiency condition, so we can simplify,
without any real loss, by assuming the same utility
functions and drawing a single indifference curve
that refers to all consumers. Given that Equation 5.4
holds, when we think about the rate at which the
economy can trade off production of X for Y and
vice versa, it does not matter whether the changed
composition of consumption is realised by switching
labour or capital between the two lines of produc-
tion. Consequently, in Figure 5.3 we show a single
production possibility frontier, Yy, Xy, showing the
output combinations that the economy could pro-
duce using all of its available resources. The slope of
Yy Xy is MRT.

In Figure 5.3 the point a must be on a lower indif-
ference curve than II. Moving along Y, X, from
point a toward b must mean shifting to a point on a
higher indifference curve. The same goes for move-
ment along Y, X, from ¢ toward b. On the other
hand, moving away from b, in the direction of either
a or ¢, must mean moving to a point on a lower

indifference curve. We conclude that a point like b,
where the slopes of the indifference curve and the
production possibility frontier are equal, corres-
ponds to a product mix — output levels for X and Y
— such that the utility of the representative individual
is maximised, given the resources available to the
economy and the terms on which they can be used
to produce commodities. We conclude, that is, that
the equality of MRUS and MRT is necessary for
efficiency in allocation. At a combination of X and Y
where this condition does not hold, some adjustment
in the levels of X and Y is possible which would
make the representative individual better off.

An economy attains a fully efficient static allocation
of resources if the conditions given by equations 5.3,
5.4 and 5.5 are satisfied simultaneously. Moreover,
it does not matter that we have been dealing with an
economy with just two persons and two goods. The
results readily generalise to economies with many
inputs, many goods and many individuals. The only
difference will be that the three efficiency conditions
will have to hold for each possible pairwise com-
parison that one could make, and so would be far
more tedious to write out.

5.2 An efficient allocation of resources
is not unique

For an economy with given quantities of available
resources, production functions and utility functions,
there will be many efficient allocations of resources.
The criterion of efficiency in allocation does not,
that is, serve to identify a particular allocation.

To see this, suppose first that the quantities of X
and Y to be produced are somehow given and fixed.
We are then interested in how the given quantities of
X and Y are allocated as between A and B, and the
criterion of allocative efficiency says that this should
be such that A/B cannot be made better off except
by making B/A worse off. This was what we con-
sidered in Figure 5.1 to derive equation 5.3, which
says that an efficient allocation of fixed quantities of
X and Y will be such that the slopes of the indiffer-
ence curves for A and B will be the same. In Figure
5.1 we showed just one indifference curve for A and
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Box 5.1 Productive inefficiency in ocean fisheries

The total world marine fish catch increased
steadily from the 1950s through to the late 1980s,
rising by 32% between the periods 1976—1978
and 1986—1988 (UNEP, 1991). However, the rate
of increase was slowing toward the end of this
period, and the early 1990s witnessed downturns
in global harvests. The harvest size increased
again in the mid-1990s, was at a new peak in
1996, and then levelled off again in the late
1990s. It is estimated that the global maximum
sustainable harvest is about 10% larger than
harvest size in the late 1990s.

The steady increase in total catch until 1989
masked significant changes in the composition of
that catch; as larger, higher-valued stocks became
depleted, effort was redirected to smaller-sized
and lower-valued species. This does sometimes
allow depleted stocks to recover, as happened
with North Atlantic herring, which recovered in
the mid-1980s after being overfished in the late
1970s. However, many fishery scientists believe
that these cycles of recovery have been modified,
and that species dominance has shifted
permanently towards smaller species.

Rising catch levels have put great pressure on
some fisheries, particularly those in coastal areas,
but also including some pelagic fisheries. Among
the species whose catch declined over the period
1976-1988 are Atlantic cod and herring,
haddock, South African pilchard and Peruvian
anchovy. Falls in catches of these species have
been compensated for by much increased
harvests of other species, including Japanese
pilchard in the north-west Pacific.

Where do inefficiencies enter into this picture?
We can answer this question in two ways. First,
a strong argument can be made to the effect that

the total amount of resources devoted to marine
fishing is excessive, probably massively so. We
shall defer giving evidence to support this claim
until Chapter 17 (on renewable resources), but
you will see there that a smaller total fishing fleet
would be able to catch at least as many fish as
the present fleet does. Furthermore, if fishing
effort were temporarily reduced so that stocks
were allowed to recover, a greater steady-state
harvest would be possible, even with a far
smaller world fleet of fishing vessels. There

is clearly an inefficiency here.

A second insight into inefficiency in marine
fishing can be gained by recognising that two
important forms of negative external effect
operate in marine fisheries, both largely
attributable to the fact that marine fisheries
are predominantly open-access resources. One
type is a so-called crowding externality, arising
from the fact that each boat’s harvesting effort
increases the fishing costs that others must bear.
The second type may be called an ‘intertemporal
externality’: as fisheries are often subject to very
weak (or even zero) access restrictions, no
individual fisherman has an incentive to
conserve stocks for the future, even if all would
benefit if the decision were taken jointly.

As the concepts of externalities and open
access will be explained and analysed in the
third part of this chapter, and applied to fisheries
in Chapter 17, we shall not explain these ideas
any further now. Suffice it to say that production
in market economies will, in general, be
inefficient in the presence of external effects.

Sources: WRI (2000), WRI web site www.wri.org,
FAO web site www.fao.org

two for B. But, these are just a small subset of the
indifference curves for each individual that fill the
box SA,TB,. In Figure 5.4 we show a larger subset
for each individual. Clearly, there will be a whole
family of points, like b in Figure 5.1, at which the
slopes of the indifference curves for A and B are
equal, at which they have equal marginal rates of
utility substitution. At any point along CC in Figure
5.4, the consumption efficiency condition is satisfied.
In fact, for given available quantities of X and Y
there are an indefinitely large number of allocations
as between A and B that satisfy MRUS* = MRUSE.

Now consider the efficiency in production condi-
tion, and Figure 5.2. Here we are looking at variations
in the amounts of X and Y that are produced. Clearly,
in the same way as for Figures 5.1 and 5.4, we could
introduce larger subsets of all the possible isoquants
for the production of X and Y to show that there are
many X and Y combinations that satisfy equation
5.4, combinations representing uses of capital and
labour in each line of production such that the slopes
of the isoquants are equal, MRTS, = MRTS,.

So, there are many combinations of X and Y output
levels that are consistent with allocative efficiency,
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Figure 5.5 The utility possibility frontier

and for any particular combination there are many
allocations as between A and B that are consistent
with allocative efficiency. These two considerations
can be brought together in a single diagram, as in
Figure 5.5, where the vertical axis measures A’s
utility and the horizontal B’s. Consider a particular
allocation of capital and labour as between X and Y
production which implies particular output levels for
X and Y, and take a particular allocation of these
output levels as between A and B — there will cor-
respond a particular level of utility for A and for B,
which can be represented as a point in U*/ U® space,
such as R in Figure 5.5. Given fixed amounts of
capital and labour, not all points in U%/U® space are
feasible. Suppose that all available resources were

used to produce commodities solely for consump-
tion by A, and that the combination of X and Y then
produced was such as to maximise A’s utility. Then,
the corresponding point in utility space would be
U*,. in Figure 5.5. With all production serving the
interests of B, the corresponding point would be
UB... The area bounded by U%, 0UB,, is the utility
possibility set — given its resources, production tech-
nologies and preferences, the economy can deliver
all combinations of U* and U® lying in that area.
The line U4, U, is the utility possibility frontier —
the economy cannot deliver combinations of U* and
U® lying outside that line. The shape of the utility
possibility frontier depends on the particular forms
of the utility and production functions, so the way in
which it is represented in Figure 5.5 is merely one
possibility. However, for the usual assumptions
about utility and production functions, it would be
generally bowed outwards in the manner shown in
Figure 5.5.

The utility possibility frontier is the locus of all
possible combinations of U* and U® that correspond
to efficiency in allocation. Consider the point R in
Figure 5.5, which is inside the utility possibility
frontier. At such a point, there are possible realloca-
tions that could mean higher utility for both A and
B. By securing allocative efficiency, the economy
could, for example, move to a point on the frontier,
such as Z. But, given its endowments of capital and
labour, and the production and utility functions, it
could not continue northeast beyond the frontier.
Only U*/U® combinations lying along the frontier
are feasible. The move from R to Z would be a
Pareto improvement. So would be a move from R to
T, or to S, or to any point along the frontier between
T and S.

The utility possibility frontier shows the U*/U®
combinations that correspond to efficiency in alloca-
tion — situations where there is no scope for a Pareto
improvement. There are many such combinations.
Is it possible, using the information available, to say
which of the points on the frontier is best from the
point of view of society? It is not possible, for the
simple reason that the criterion of economic effici-
ency does not provide any basis for making inter-
personal comparisons. Put another way, efficiency
does not give us a criterion for judging which alloca-
tion is best from a social point of view. Choosing a
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point along the utility possibility frontier is about
making moves that must involve making one indi-
vidual worse off in order to make the other better
off. Efficiency criteria do not cover such choices.

5.3 The social welfare function and
optimality

In order to consider such choices we need the con-
cept of a social welfare function, SWF, which was
introduced in Chapter 3. A SWF can be used to rank
alternative allocations. For the two-person economy
that we are examining, a SWF will be of the general
form:

W=WU*, U®) (5.6)

The only assumption that we make here regarding
the form of the SWF is that welfare is non-decreasing
in U” and U®. That is, for any given level of U*
welfare cannot decrease if U® were to rise and for
any given level of U® welfare cannot decrease if
U* were to rise. In other words, we assume that
W, = oW/oU* and Wy = oW/9U® are both positive.
Given this, the SWF is formally of the same nature
as a utility function. Whereas the latter associates
numbers for utility with combinations of consump-
tion levels X and Y, a SWF associates numbers for
social welfare with combinations of utility levels U*
and U®. Just as we can depict a utility function in
terms of indifference curves, so we can depict a
SWEF in terms of social welfare indifference curves.
Figure 5.6 shows a social welfare indifference curve
WW that has the same slope as the utility possibility
frontier at b, which point identifies the combination
of U” and U® that maximises the SWF.

The reasoning which establishes that b corres-
ponds to the maximum of social welfare that is
attainable should be familiar by now — points to the
left or the right of b on the utility possibility frontier,
such as a and ¢, must be on a lower social welfare
indifference curve, and points outside of the utility
possibility frontier are not attainable. The fact that
the optimum lies on the utility possibility frontier
means that all of the necessary conditions for effici-
ency must hold at the optimum. Conditions 5.3, 5.4
and 5.5 must be satisfied for the maximisation of

UA

A

Figure 5.6 Maximised social welfare

welfare. Also, an additional condition, the equality
of the slopes of a social indifference curve and
the utility possibility frontier, must be satisfied.
This condition can be stated, as established in
Appendix 5.1, as
Wy Uz _UY

A _ - (5.7
W, U U}

The left-hand side here is the slope of the social
welfare indifference curve. The two other terms are
alternative expressions for the slope of the utility
possibility frontier. At a social welfare maximum,
the slopes of the indifference curve and the frontier
must be equal, so that it is not possible to increase
social welfare by transferring goods, and hence util-
ity, between persons.

While allocative efficiency is a necessary condi-
tion for optimality, it is not generally true that mov-
ing from an allocation that is not efficient to one that
is efficient must represent a welfare improvement.
Such a move might result in a lower level of social
welfare. This possibility is illustrated in Figure 5.7.
At C the allocation is not efficient, at D it is.
However, the allocation at C gives a higher level
of social welfare than does that at D. Having made
this point, it should also be said that whenever there
is an inefficient allocation, there is always some
other allocation which is both efficient and superior
in welfare terms. For example, compare points C
and E. The latter is allocatively efficient while C is
not, and E is on a higher social welfare indifference
curve. The move from C to E is a Pareto improvement
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where both A and B gain, and hence involves higher
social welfare. On the other hand, going from C to D
replaces an inefficient allocation with an efficient
one, but the change is not a Pareto improvement — B
gains, but A suffers — and involves a reduction in
social welfare. Clearly, any change which is a Pareto
improvement must increase social welfare as defined
here. Given that the SWF is non-decreasing in U*
and U®, increasing U*/U® without reducing U®/U*
must increase social welfare. For the kind of SWF
employed here, a Pareto improvement is an unam-
biguously good thing (subject to the possible objec-
tions to preference-based utilitarianism noted in
Chapter 3, of course). It is also clear that allocative
efficiency is a good thing (subject to the same
qualification) if it involves an allocation of com-
modities as between individuals that can be regarded
as fair. Judgements about fairness, or equity, are
embodied in the SWF in the analysis here. If these
are acceptable, then optimality is an unambiguously
good thing. In Part 2 of this chapter we look at the
way markets allocate resources and commodities.
To anticipate, we shall see that what can be claimed
for markets is that, given ideal institutional arrange-
ments and certain modes of behaviour, they achieve
allocative efficiency. It cannot be claimed that, alone,
markets, even given ideal institutional arrangements,
achieve what might generally or reasonably be
regarded as fair allocations. Before looking at the
way markets allocate resources, we shall look at
economists’ attempts to devise criteria for evaluating
alternative allocations that do not involve explicit
reference to a social welfare function.

5.4 Compensation tests

If there were a generally agreed SWF, there would
be no problem, in principle, in ranking alternative
allocations. One would simply compute the value
taken by the SWF for the allocations of interest, and
rank by the computed values. An allocation with a
higher SWF value would be ranked above one with
a lower value. There is not, however, an agreed
SWE. The relative weights to be assigned to the util-
ities of different individuals are an ethical matter.
Economists prefer to avoid specifying the SWF if
they can. Precisely the appeal of the Pareto improve-
ment criterion — a reallocation is desirable if it
increases somebody’s utility without reducing any-
body else’s utility — is that it avoids the need to refer
to the SWF to decide on whether or not to recom-
mend that reallocation. However, there are two
problems, at the level of principle, with this cri-
terion. First, as we have seen, the recommendation
that all reallocations satisfying this condition be
undertaken does not fix a unique allocation. Second,
in considering policy issues there will be very few
proposed reallocations that do not involve some
individuals gaining and some losing. It is only
rarely, that is, that the welfare economist will be
asked for advice about a reallocation that improves
somebody’s lot without damaging somebody else’s.
Most reallocations that require analysis involve
winners and losers and are, therefore, outside of the
terms of the Pareto improvement criterion.

Given this, welfare economists have tried to
devise ways, which do not require the use of a SWF,
of comparing allocations where there are winners
and losers. These are compensation tests. The basic
idea is simple. Suppose there are two allocations,
denoted 1 and 2, to be compared. As previously, the
essential ideas are covered if we consider a two-
person, two-commodity world. Moving from alloca-
tion 1 to allocation 2 involves one individual gaining
and the other losing. The Kaldor compensation test,
named after its originator, Nicholas Kaldor, says
that allocation 2 is superior to allocation 1 if the
winner could compensate the loser and still be better
off. Table 5.1 provides a numerical illustration of a
situation where the Kaldor test has 2 superior to 1.
In this, constructed, example, both individuals have
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Table 5.1 Two tests, two answers

Table 5.2 Two tests, one answer

Allocation 1 Allocation 2

Allocation 1 Allocation 2

X Y U X Y U X Y U X Y U
A 10 5 50 20 5 100 A 10 5 50 20 10 200
B 5 20 100 5 10 50 B 5 20 100 5 10 50

utility functions that are U = XY, and A is the winner
for a move from 1 to 2, while B loses from such a
move. According to the Kaldor test, 2 is superior
because at 2 A could restore B to the level of utility
that he enjoyed at 1 and still be better off than at 1.
Starting from allocation 2, suppose that 5 units of X
were shifted from A to B. This would increase B’s
utility to 100 (10 x 10), and reduce A’s utility to 75
(15 x 5) — B would be as well off as at 1 and A
would still be better off than at 1. Hence, the argu-
ment is: allocation 2 must be superior to 1, as, if
such a reallocation were undertaken, the benefits as
assessed by the winner would exceed the losses as
assessed by the loser. Note carefully that this test
does not require that the winner actually does com-
pensate the loser. It requires only that the winner
could compensate the loser, and still be better off.
For this reason, the Kaldor test, and the others to
be discussed below, are sometimes referred to as
‘potential compensation tests’. If the loser was actu-
ally fully compensated by the winner, and the win-
ner was still better off, then we would be looking at
a situation where there was a Pareto improvement.

The numbers in Table 5.1 have been constructed
so as to illustrate a problem with the Kaldor test.
This is that it may sanction a move from one alloca-
tion to another, but that it may also sanction a move
from the new allocation back to the original alloca-
tion. Put another way, the problem is that if we use
the Kaldor test to ask whether 2 is superior to 1 we
may get a ‘yes’, and we may also get a ‘yes’ if we
ask if 1 is superior to 2. Starting from 2 and con-
sidering a move to 1, B is the winner and A is the
loser. Looking at 1 in this way, we see that if 5 units
of Y were transferred from B to A, B would have U
equal to 75, higher than in 2, and A would have U
equal to 100, the same as in 2. So, according to the
Kaldor test done this way, 1 is superior to 2.

This problem with the Kaldor test was noted
by J.R. Hicks, who actually put things in a slightly

different way. He proposed a different (potential)
compensation test for considering whether the move
from 1 to 2 could be sanctioned. The question in the
Hicks test is: could the loser compensate the winner
for forgoing the move and be no worse off than if the
move took place. If the answer is ‘yes’, the realloca-
tion is not sanctioned, otherwise it is on this test.
In Table 5.1, suppose at allocation 1 that 5 units of
Y are transferred from B, the loser from a move to
2,to A. Now A’s utility would then go up to 100 (10
x 10), the same as in allocation 2, while B’s would
go down to 75 (5 x 15), higher than in allocation 2.
The loser in a reallocation from 1 to 2 could, that is,
compensate the individual who would benefit from
such a move for its not actually taking place, and
still be better off than if the move had taken place.
On this test, allocation 1 is superior to allocation 2.

In the example of Table 5.1, the Kaldor and Hicks
(potential) compensation tests give different answers
about the rankings of the two allocations under con-
sideration. This will not be the case for all realloca-
tions that might be considered. Table 5.2 is a,
constructed, example where both tests give the same
answer. For the Kaldor test, looking at 2, the winner
A could give the loser B 5 units of X and still be bet-
ter off than at 1 (U = 150), while B would then be
fully compensated for the loss involved in going
from 1 to 2 (U = 10 x 10 = 100). On this test, 2 is
superior to 1. For the Hicks test, looking at 1, the
most that the loser B could transfer to the winner A so
as not to be worse off than in allocation 2 is 10 units
of Y. But, with 10 of X and 15 of Y, A would have
U = 150, which is less than A’s utility at 2, namely
200. The loser could not compensate the winner for
forgoing the move and be no worse off than if the
move took place, so again 2 is superior to 1.

For an unambiguous result from a (potential)
compensation test, it is necessary to use both the
Kaldor and the Hicks criteria. The Kaldor—
Hicks—Scitovsky test — known as such because
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Table 5.3 Compensation may not produce fairness

Allocation 1 Allocation 2

X Y U X Y U
A 10 5 50 10 4 40
B 5 20 100 15 16 240

Tibor Scitovsky pointed out that both criteria are
required — says that a reallocation is desirable if:

(i) the winners could compensate the losers and
still be better off
and

(ii) the losers could not compensate the winners
for the reallocation not occurring and still be
as well off as they would have been if it did
occur.

In the example of Table 5.2 the move from 1 to 2
passes this test; in that of Table 5.1 it does not.

As we shall see, especially in Chapters 11 and 12
on cost-benefit analysis and environmental valu-
ation respectively, compensation tests inform much
of the application of welfare economics to environ-
mental problems. Given that utility functions are
not observable, the practical use of compensation
tests does not take the form worked through here, of
course. Rather, as we shall see, welfare economists
work with monetary measures which are intended to
measure utility changes. As noted above, the attrac-
tion of compensation tests is that they do not require
reference to a SWF. However, while they do
not require reference to a SWF, it is not the case
that they solve the problem that the use of a SWF
addresses. Rather, compensation tests simply ignore
the problem. As indicated in the examples above,
compensation tests treat winners and losers equally.
No account is taken of the fairness of the distribution
of well-being.

Consider the example in Table 5.3. Considering a
move from 1 to 2, A is the loser and B is the winner.
As regards (i), at 2 moving one unit of ¥ from B to
A would make A as well off as she was at 1, and
would leave B better off (U = 225) than at 1. As
regards (ii), at 1 moving either two of X or one of ¥
from A to B would leave A as well off as at 2, but in
neither case would this be sufficient to compensate
B for being at 1 rather than 2 (for B after such trans-

fers U = 140 or U = 105). According to both (i) and
(ii) 2 is superior to 1, and such a reallocation passes
the Kaldor-Hicks—Scitovsky test. Note, however,
that A is the poorer of the two individuals, and that
the reallocation sanctioned by the compensation test
makes A worse off, and makes B better off. In sanc-
tioning such a reallocation, the compensation test is
either saying that fairness is irrelevant or there is an
implicit SWF such that the reallocation is consistent
with the notion of fairness that it embodies. If, for
example, the SWF was

W=0.5U"+0.5U"

then at 1 welfare would be 75 and at 2 it would be
140. Weighting A’s losses equally with B’s gains
means that 2 is superior to 1 in welfare terms. If it
were thought appropriate to weight A’s losses much
more heavily than B’s gains, given that A is relat-
ively poor, then using, say

W=0.95U"+0.05U"

gives welfare at 1 as 52.5 and at 2 as 50, so that 1 is
superior to 2 in welfare terms, notwithstanding that
the move from 1 to 2 is sanctioned by the (potential)
compensation test.

In the practical use of compensation tests in
applied welfare economics, welfare, or distributional,
issues are usually ignored. The monetary measures
of winners’ gains (benefits) and losers’ losses (costs)
are usually given equal weights irrespective of the
income and wealth levels of those to whom they
accrue. In part, this is because it is often difficult to
identify winners and losers sufficiently closely to be
able to say what their relative income and wealth
levels are. But, even in those cases where it is clear
that, say, costs fall mainly on the relatively poor and
benefits mainly on the better off, economists are
reluctant to apply welfare weights when applying a
compensation test by comparing total gains and total
losses — they simply report on whether or not £s of
gain exceed £s of loss. Various justifications are
offered for this practice. First, at the level of prin-
ciple, that there is no generally agreed SWF for them
to use, and it would be inappropriate for economists
to themselves specify a SWF. Second, that, as a
practical matter, it aids clear thinking to separate
matters of efficiency from matters of equity, with the
question of the relative sizes of gains and losses
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being treated as an efficiency issue, while the ques-
tion of their incidence across poor and rich is an
equity issue. On this view, when considering some
policy intended to effect a reallocation the job of the
economic analyst is to ascertain whether the gains
exceed the losses. If they do, the policy can be re-
commended on efficiency grounds, and it is known
that the beneficiaries could compensate the losers.
It is a separate matter, for government, to decide
whether compensation should actually occur, and to
arrange for it to occur if it is thought desirable.
These matters are usually considered in the context
of a market economy, and we shall return to them in
that context at the end of Part 2 of the chapter.

PART 2 ALLOCATION IN A MARKET
ECONOMY

5.5 Efficiency given ideal conditions

A variety of institutional arrangements might be
employed to allocate resources, such as dictator-
ship, central planning and free markets. Any of these
can, in principle, achieve an efficient allocation of
resources. Here, we are particularly interested in the
consequences of free-market resource allocation
decisions. This is for three, related, reasons. First,
for dictatorship and central planning to achieve
allocative efficiency it is necessary that the dictator
or central planner know all of the economy’s pro-
duction and utility functions. This is clearly infeas-
ible, and is one of the reasons that attempts to run
economies in these ways have been unsuccessful.
The great attraction of free markets as a way of
organising economic activity is that they do not
require that any institution or agent have such
knowledge. That is the second reason for our
concentration on markets — they are decentralised
information-processing systems of great power. The
third reason is that the modern welfare economics

that is the basis for environmental and resource
economics takes it that markets are the way eco-
nomies are mainly organised. Environmental and
resource issues are studied, that is, as they arise in
an economy where markets are the dominant social
institution for organising production and consump-
tion. The market economy is now the dominant
mode of organising production and consumption in
human societies.

Welfare economics theory points to a set of
circumstances such that a system of free markets
would sustain an efficient allocation of resources.
The ‘institutional arrangements’, as we shall call
them, include the following:

1. Markets exist for all goods and services
produced and consumed.

2. All markets are perfectly competitive.

All transactors have perfect information.

4. Private property rights are fully assigned in all
resources and commodities.

5. No externalities exist.

6. All goods and services are private goods.
That is, there are no public goods.

7. All utility and production functions are
‘well behaved’.?

W

In addition to these institutional arrangements, it is
necessary to assume that the actors in such a system
— firms and individuals, often referred to jointly as
‘economic agents’ or just ‘agents’ — behave in cer-
tain ways. It is assumed that agents always strive
to do the best for themselves that they can in the
circumstances that they find themselves in. Firms
are assumed to maximise profits, individuals to
maximise utility. A shorthand way of saying this is
to say that all agents are maximisers.

An efficient allocation would be the outcome in a
market economy populated entirely by maximisers
and where all of these institutional arrangements
were in place. Before explaining why and how this
is so, a few brief comments are in order on these
conditions required for a market system to be cap-
able of realising allocative efficiency. First, note that,

3 For a full account of what ‘well behaved’ means the reader is

referred to one of the welfare economics texts cited in the Further
Reading section at the end of the chapter. Roughly, in regard to util-
ity it means that indifference curves are continuous and have the

bowed-toward-the-origin shape that they are usually drawn with in
the textbooks. In regard to production, the main point is that
increasing returns to scale are ruled out.
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Figure 5.8 Utility maximisation

as we shall see in later sections of this chapter where
we discuss public goods and externalities, arrange-
ments 5 and 6 are really particulars of 4. Second,
note that 4 is necessary for 1 — markets can only
work where there are private property rights and a
justice system to enforce and protect such rights.
Third, that an important implication of 2 is that
buyers and sellers act as ‘price-takers’, believing
that the prices that they face cannot be influenced
by their own behaviour. No agent, that is, acts in
the belief that they have any power in the mar-
ket. Finally, note that these are a very stringent set
of conditions, which do not accurately describe any
actual market economy. The economy that they do
describe is an ideal type, to be used in the welfare
analysis of actual economies as a benchmark against
which to assess performance, and to be used to
devise policies to improve the performance, in regard
to efficiency criteria, of such actual economies.

We now explain why a market allocation of
resources would be an efficient allocation in such
ideal circumstances. A more formal treatment is
provided in Appendix 5.2.

Consider, first, individuals and their consumption
of produced commodities. Any one individual seeks
to maximise utility given income and the, fixed,
prices of commodities. Figure 5.8, familiar from
introductory microeconomics, refers to an individual
in a two-commodity economy. The line Y, X,,.x 1S
the budget constraint. Y, is the amount of Y avail-
able if all income is spent on Y, X,,, is consumption
if all income is spent on X. The slope of the budget
constraint gives the price ratio Py/P,. Utility max-

imisation requires consumption X* and Y* corres-
ponding to point b on the indifference curve U*U*.
Consumption at points on Y, X..., to the left or right
of b, such as a and ¢, would mean being on a lower
indifference curve than U*U*. Consumption pat-
terns corresponding to points to the northeast of
Yo Xmax @re not attainable with the given income
and prices. The essential characteristic of b is that
the budget line is tangential to an indifference curve.
This means that the slope of the indifference curve is
equal to the price ratio. Given that the slope of the

indifference curve is the MRUS, we have:

MRUS = B
P

Y

In the ideal conditions under consideration, all
individuals face the same prices. So, for the two-
individual, two-commodity market economy, we have

MRUS* = MRUS® = %

Y

(5.8)

Comparison of equation 5.8 with equation 5.3 shows
that the consumption efficiency condition is satisfied
in this ideal market system. Clearly, the argument
here generalises to many-person, multi-commodity
contexts.

Now consider firms. To begin, instead of assum-
ing that they maximise profits, we will assume that
they minimise the costs of producing a given level of
output. The cost-minimisation assumption is in no
way in conflict with the assumption of profit max-
imisation. On the contrary, it is implied by the profit-
maximisation assumption, as, clearly, a firm could
not be maximising its profits if it were producing
whatever level of output that involved at anything
other than the lowest possible cost. We are leaving
aside, for the moment, the question of the determina-
tion of the profit-maximising level of output, and
focusing instead on the prior question of cost min-
imisation for a given level of output. This question
is examined in Figure 5.9, where X*X* is the iso-
quant corresponding to some given output level X*.
The straight lines K,L,, K,L,, and K;L, are isocost
lines. For given prices for inputs, Py and P,, an iso-
cost line shows the combinations of input levels for
K and L that can be purchased for a given total
expenditure on inputs. K; L, represents, for example,
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Figure 5.9 Cost minimisation

a higher level of expenditure on inputs, greater cost,
than K, L,. The slope of an isocost line is the ratio of
input prices, Px/P,. Given production of X*, the
cost-minimising firm will choose the input combina-
tion given by the point b. Any other combination,
such as a or c, lying along X*X* would mean higher
total costs. Combinations represented by points
lying inside K, L, would not permit of the production
of X*. The essential characteristic of b is that an
isocost line is tangential to, has the same slope as, an
isoquant. The slope of an isoquant is the MRTS so
that cost-minimising choices of input levels must be
characterised by:

MRTS = Fe

L
In the ideal circumstances under consideration, all
firms, in all lines of production, face the same P, and
P,, which means that

MRTS, = MRTS, (5.9)

which is the same as equation 5.4, the production
efficiency condition for allocative efficiency — cost-
minimising firms satisfy this condition.

The remaining condition that needs to be satisfied
for allocative efficiency to exist is the product mix
condition, equation 5.5, which involves both indi-
viduals and firms. In explaining how this condition
is satisfied in an ideal market system we will also see
how the profit-maximising levels of production are
determined. Rather than look directly at the profit-

maximising output choice, we look at the choice of
input levels that gives maximum profit. Once the
input levels are chosen, the output level follows
from the production function. Consider the input of
labour to the production of X, with marginal product
X,;. Choosing the level of X, to maximise profit
involves balancing the gain from using an extra unit
of labour against the cost of so doing. The gain here
is just the marginal product of labour multiplied by
the price of output, i.e. PyX;. The cost is the price of
labour, i.e. P,. If P, is greater than PyX,, increasing
labour use will reduce profit. If P, is less than P, X,
increasing labour use will increase profit. Clearly,
profit is maximised where P, = Py X.

The same argument applies to the capital input,
and holds in both lines of production. Hence, profit
maximisation will be characterised by

P/ X, =P,

Py Xy = Py

PY, =P,

P, Y, =Py
which imply

PX,=FY, =P
and

Py Xy = PyYy= Py

Using the left-hand equalities here, and rearranging,
this is

K_Y (5.10a)
P X

and
K _ Y (5.10b)
P Xy

Now, the right-hand sides here are MRT, and
MRTy, as they are the ratios of marginal products in
the two lines of production and hence give the terms
on which the outputs change as labour and capital
are shifted between industries. Given that the left-
hand sides in equations 5.10a and 5.10b are the same
we can write

MRT, = MRT = X (.11)

L K PY
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showing that the marginal rate of transformation is
the same for labour shifting as for capital shifting.
Referring back to equation 5.8, we can now write

P
MRT, = MRT, = FX = MRUS* = MRUS?
Y

(5.12)

showing that the profit-maximising output levels in
the ideal market economy satisfy the product mix
condition for allocative efficiency, equation 5.5.
This completes the demonstration that in an ideal
market system the conditions necessary for allocat-
ive efficiency will be satisfied. We conclude this
section by looking briefly at profit-maximising
behaviour from a perspective that will be familiar
from an introductory microeconomics course. There,
students learn that in order to maximise profit, a
firm which is a price-taker will expand output up to
the level at which price equals marginal cost. Fig-
ure 5.10 refers. For output levels below X*, price
exceeds marginal cost so that increasing output will
add more to receipts than to costs, so increasing
profit as the difference between receipts and costs.
For output levels greater than X*, marginal cost
exceeds price, and reducing output would increase
profit. This is in no way inconsistent with the dis-
cussion above of choosing input levels so as to
maximise profit. It is just a different way of telling
the same story. In order to increase output, assuming
technical efficiency, more of at least one input must
be used. In thinking about whether or not to increase
output the firm considers increasing the input of
capital or labour, in the manner described above.

For the case of labour in the production of X, for
example, the profit-maximising condition was seen
to be P, = PyX,, which can be written as

B_p

XL
which is just marginal cost equals price, because the
left-hand side is the price of an additional unit of
labour divided by the amount of output produced by
that additional unit. Thus if the wage rate is £5 per
hour, and one hour’s extra labour produces 1 tonne
of output, the left-hand side here is £5 per tonne,
so the marginal cost of expanding output by one
tonne is £5. If the price that one tonne sells for is
greater(less) than £5 it will pay in terms of profit to
increase(decrease) output by one tonne by increas-
ing the use of labour. If the equality holds and the
output price is £5, profit is being maximised. The
same argument goes through in the case of capital,
and the marginal cost equals price condition for
profit maximisation can also be written as

P

K _p
X,

5.6 Partial equilibrium analysis of
market efficiency

In examining the concepts of efficiency and optim-
ality, we have used a general equilibrium approach.
This looks at all sectors of the economy simultan-
eously. Even if we were only interested in one part
of the economy — such as the production and con-
sumption of cola drinks — the general equilibrium
approach requires that we look at all sectors. In
finding the allocatively efficient quantity of cola,
for example, the solution we get from this kind of
exercise would give us the efficient quantities of all
goods, not just cola.

There are several very attractive properties of pro-
ceeding in this way. Perhaps the most important of
these is the theoretical rigour it imposes. In develop-
ing economic theory, it is often best to use general
equilibrium analysis. Much (although by no means
all) of the huge body of theory that makes up
resource and environmental economics analysis has
such a general approach at its foundation.
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But there are penalties to pay for this rigour.
Doing applied work in this way can be expensive
and time-consuming. And in some cases data limita-
tions make it impossible. The exercise may not be
quite as daunting as it sounds, however. We could
define categories in such a way that there are just
two goods in the economy: cola and a composite
good that is everything except cola. Indeed, this kind
of ‘trick’ is commonly used in economic analysis.
But even with this type of simplification, a general
equilibrium approach is likely to be difficult and
costly, and may be out of all proportion to the
demands of some problem for which we seek an
approximate solution.

Given the cost and difficulty of using this approach
for many practical purposes, many applications use
a different framework that is much easier to opera-
tionalise. This involves looking at only the part of
the economy of direct relevance to the problem
being studied. Let us return to the cola example, in
which our interest lies in trying to estimate the
efficient amount of cola to be produced. The partial
approach examines the production and consumption
of cola, ignoring the rest of the economy. It begins
by identifying the benefits and costs to society of
using resources to make cola. Then, defining net
benefit as total benefit minus total cost, an efficient
output level of cola would be one that maximises net
benefit.

Let X be the level of cola produced and con-
sumed. Figure 5.11(a) shows the total benefits of
cola (labelled B) and the total costs of cola (labelled
C) for various possible levels of cola production.
The reason we have labelled the curves B(X) and
C(X), not just B and C, is to make it clear that
benefits and costs each depend on, are functions of,
X. Benefits and costs are measured in money units.
The shapes and relative positions of the curves we
have drawn for B and C are, of course, just stylised
representations of what we expect them to look like.
A researcher trying to answer the question we posed
above would have to estimate the shapes and posi-
tions of these functions from whatever evidence is
available, and they may differ from those drawn in
the diagram. However, the reasoning that follows is
not conditional on the particular shapes and posi-
tions that we have used, which are chosen mainly to
make the exposition straightforward.
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B(X)
cx)
d
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NB(X*)
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Figure 5.11 A partial equilibrium interpretation of
economic efficiency
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Given that we call an outcome that maximises net
benefits ‘efficient’, it is clear from Figure 5.11(a)
that X* is the efficient level of cola production. Net
benefits (indicated by the distance de) are at their
maximum at that level of output. This is also shown
in Figure 5.11(b), which plots the net benefits for
various levels of X. Observe the following points:

m At the efficient output level X* the total benefit
and total cost curves are parallel to one another
(Figure 5.11(a)).

= The net benefit function is horizontal at the
efficient output level (Figure 5.11(b)).

The distance de, or equivalently the magnitude
NB(X*), where NB is net benefit, can be interpreted
in efficiency terms. It is a measure, in money units,
of the efficiency gain that would come about from
producing X* cola compared with a situation in
which no cola was made.

These ideas are often expressed in a different, but
exactly equivalent, way, using marginal rather than
total functions. As much of the environmental eco-
nomics literature uses this way of presenting ideas
(and we shall do so also in several parts of this book),
let us see how it is done. We use MCy to denote the
marginal cost of X, and MBy denotes the marginal
benefit of X. In Figure 5.11(c), we have drawn the
marginal functions which correspond to the total
functions in Figure 5.11(a). We drew the curves for
B(X) and C(X) in Figure 5.11(a) so that the cor-
responding marginal functions are straight lines, a
practice that is often adopted in partial equilibrium
treatments of welfare economics. This is convenient
and simplifies exposition of the subsequent analysis.
But, the conclusions do not depend on the marginal
functions being straight lines. The results to be
stated hold so long as marginal benefits are positive
and declining with X and marginal costs are positive
and increasing with X — as they are in Figure 5.11(c).

In Figure 5.11(c) we show X*, the cola output
level that maximises net benefit, as being the level of
X at which MCy is equal to MB,. Why is this so?
Consider some level of X below X*. This would
involve MBy greater than MC,, from which it
follows that increasing X would increase benefit
by more than cost. Now consider some level of X
greater than X*, with MCy greater than MBy, from

which it follows that reducing X would reduce cost
by more than benefit, i.e. increase net benefit.
Clearly, considering X levels above or below X* in
this way, it is X* that maximises net benefit.

Can we obtain a measure of maximised net
benefits from Figure 5.11(c) that corresponds to the
distance de in Figure 5.11(a)? Such a measure is
available; it is the area of the triangle gfh. The area
beneath a marginal function over some range gives
the value of the change in the total function for a
move over that range. So the area beneath MB over
the range X = 0 to X = X* gives us the total benefits
of X* cola (i.e. B¥), which is equal to the distance ad
in Figure 5.11(a). Similarly, the area beneath MC,
over the range X = 0 to X = X* gives us the total cost
of X* (i.e. C*), which is the same as the distance ae
in Figure 5.11(a). By subtraction we find that the
area gfh in Figure 5.11(c) is equal to the distance de
in Figure 5.11(a).

Now we turn to the partial equilibrium version of
the demonstration that an ideal market system max-
imises net benefit and secures allocative efficiency.
We assume that all of the institutional arrangements
listed in the previous section apply, and that all
agents are maximisers. Then all those who wish to
drink cola will obtain it from the market, and pay the
going market price. The market demand curve, Dy,
for cola will be identical to the MBy, curve, as that
describes consumers’ willingness to pay for addi-
tional units of the good — and that is exactly what we
mean by a demand curve. Under our assumptions,
cola is produced by a large number of price-taking
firms in a competitive market. The market supply
curve, Sy, is identical to the curve MCy in Figure
5.11(c) because, given that firms produce where
price equals marginal cost, the supply curve is just
the marginal cost curve — each point on the supply
curve is a point where price equals marginal cost. Sy
shows the cost of producing additional (or marginal)
cans of cola at various output levels.

The market demand and supply curves are drawn
in Figure 5.11(d). When all mutually beneficial
transactions have taken price, the equilibrium mar-
ket price of the good will be Py, equal at the margin
to both

= consumers’ subjective valuations of additional
units of the good (expressed in money terms); and
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m the costs of producing an additional unit of the
good.

Put another way, all consumers face a common mar-
ket price Py, and each will adjust their consumption
until their marginal utility (in money units) is equal
to that price. Each firm faces that same fixed market
price, and adjusts its output so that its marginal cost
of production equals that price. So we have:

P, =MCy = MB, (5.13)

The equality at the margin of costs and benefits
shows that cola is being produced in the amount
consistent with the requirements of allocative effici-
ency. We must emphasise here something that it is
sometimes possible to forget when using partial
equilibrium analysis. The fact that equation 5.13
holds for the cola, or whatever, market means that
the quantity of cola, or whatever, produced and con-
sumed is consistent with allocative efficiency only if
all the institutional arrangements listed at the start of
this section are in place. It is necessary, for example,
not only that the cola market be perfectly competit-
ive, but also that all markets be perfectly competit-
ive. And, it is necessary, for example, that all inputs
to and outputs from production be traded in such
markets. If such requirements are not met elsewhere
in the economy, the supply and demand curves in
the cola market will not properly reflect the costs
and benefits associated with different levels of cola
production. Some of the issues arising from these
remarks will be dealt with in section 5.11 under the
heading of ‘the second-best problem’.

Finally here, we can use Figure 5.11(d) to intro-
duce the concepts of consumers’ surplus and pro-
ducers’ surplus, which are widely used in welfare
economics and its application to environmental and
natural resource issues. The area beneath the
demand curve between zero and X* units of the good
shows the total consumers’ willingness to pay,
WTP, for X* cans of cola per period. To see this,
imagine a situation in which cans of cola are
auctioned, one at a time. The price that the first can
offered would fetch is given by the intercept of the
demand curve, Og’. As successive cans are offered
so the price that they fetch falls, as shown by the
demand curve. If we add up all the prices paid until
we get to X*, and recognising that X* is a very large

number of cans, we see that the total revenue raised
by the auction process which stops at X* will be the
area under the demand curve over 0X*, i.e. 0g’f’X*.
But this is not the way the market works. Instead of
each can being auctioned, a price is set and all cans
of cola demanded are sold at that price. So, the indi-
vidual who would have been willing to pay Og” for a
can actually gets it for Py. Similarly, the individual
who would have been willing to pay just a little less
than Og” actually pays Py. And so on and so on, until
we get to the individual whose WTP is Py, and who
also actually pays Py. All individuals whose WTP is
greater than Py are, when all cans sell at Py, getting
a surplus which is the excess of their WTP over Py.
Consumers’ surplus is the total of these individual
surpluses, the area between the demand curve and
the price line over 0X*, i.e. Pyg’f’. Another way of
putting this is that consumers’ surplus is the differ-
ence between total willingness to pay and total
actual expenditure, which is the difference between
area 0g’f’X* and area 0Py f’X*, which is the area of
the triangle Pyg’f".

Producers’ surplus in Figure 5.11(d) is the area of
the triangle 2’Pyf’. The reasoning to this is very sim-
ilar to that for consumers’ surplus. As noted above,
the supply curve is, given the ideal conditions being
assumed here, just the marginal cost curve. The first
can of cola costs 04" to produce, but sells in the mar-
ket for Py, so there is a surplus of h’Py. The surplus
on the production of each further can is given by the
vertical distance from the price line to the supply
curve. The sum of all these vertical distances is total
producers’ surplus, the area h’Pyf’. An alternative
way of putting this is that total revenue is the area
0Py f'X*, while total cost is OA’f"X*, so that producers’
surplus is revenue minus costs, i.e. h'Pyf X*.

5.7 Market allocations are not
necessarily equitable

The previous sections have shown that, provided
certain conditions are satisfied, a system of free
markets will produce allocations that are efficient in
the sense that nobody can be made better off except
at the cost of making at least one other person worse
off. It has not been shown that a system of free
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markets will produce an optimal allocation accord-
ing to any particular social welfare function.

The basic intuition of both the positive — the
attainment of efficiency — and the negative — no
necessary attainment of equity — here is really rather
simple. The essential characteristic of markets is
voluntary exchange. Think of two individuals who
meet, each carrying a box containing an assortment
of commodities. The two assortments are different.
The two individuals lay out the contents of their
boxes, and swap items until there are no further
swaps that both see as advantageous. Then, con-
sidering just these two individuals and the collection
of commodities jointly involved, the allocation of
that collection at the end of the swapping is efficient
in the sense that if somebody else came along and
forced them to make a further swap, one individual
would feel better off but the other worse off,
whereas prior to the enforced swap both felt better
off than they did with their initial bundles. The
attainment of efficiency is simply the exhaustion of
the possibilities for mutually beneficial exchange.
Clearly, if one individual’s box had been several
times as large as the other’s, if one individual had a
much larger initial endowment, we would not expect
the voluntary trade process to lead to equal endow-
ments. Voluntary trade on the basis of self-interest is
not going to equalise wealth. Further, it is also clear
that as the initial endowments of the two individuals
— the sizes of their boxes and their contents — vary,
so will the positions reached when all voluntary
swaps have been made.

The formal foundations for modern welfare eco-
nomics and its application to policy analysis in mar-
ket economies are two fundamental theorems. These
theorems take it that all agents are maximisers, and
that the ideal institutional conditions stated at the
start of this section hold. The first states that a com-
petitive market equilibrium is an efficient allocation.
Basically, this is saying that equilibrium is when
there are no more voluntary exchanges, and that
when there are no more voluntary exchanges all the
gains from trade have been exhausted, so the situ-
ation must be one of efficiency — one where nobody
can be made better off save at the cost of making
somebody else worse off. The second theorem states
that to every efficient allocation there corresponds a
competitive market equilibrium based on a particu-

lar distribution of initial endowments. An alternative
statement of this theorem, of particular relevance to
policy analysis, is that any efficient allocation can be
realised as a competitive market equilibrium given
the appropriate set of lump-sum taxes on and trans-
fers to individual agents. The point of the second
theorem is that the efficient allocation realised by a
competitive equilibrium is conditioned on the dis-
tribution of initial endowments, and that if those ini-
tial endowments are such that the resulting efficient
allocation is considered inequitable, altering them by
lump-sum taxes and transfers will produce another
efficient allocation. If the taxes/transfers redistribute
from the better to the worse off, the new efficient
allocation will be more equitable.

The implication of these two theorems, which has
enormous influence on the way that economists
approach policy analysis in an economy mainly run
by markets, is that there are two essentially separ-
able dimensions to the economic problem. These are
the problems of efficiency and equity. The theorems
are taken to mean that, in effect, society can, via
government, take a view on equity and achieve what
it wants there by a system of redistributive taxes and
payments, and then leave it to markets to achieve
efficiency in allocation given the distribution of
endowments after the tax/transfer. This can be put
the other way round. The theorems are taken to
mean that the government should not intervene in
markets directly to pursue any equity objectives. It
should not, for example, subsidise a commodity that
figures largely in the consumption of the poor. To do
so would prevent the market system attaining an
efficient allocation. Anyway, it is unnecessary. The
interests of the poor are to be looked after by redis-
tributive taxes and transfers.

These theorems hold only in the ideal conditions
being assumed in this part of the chapter. It will
already have occurred to the reader that these con-
ditions are not fully satisfied in any actual economy
— we consider some violations and their policy
implications in the next part of the chapter. It is also
required that the government’s redistribution be in
the form of lump-sum taxes and transfers. By ‘lump-
sum’ is meant taxes and transfers that do not directly
affect the incentives facing agents — in the case of
taxes, for example, liability must not depend on
behaviour, so that income taxes are not lump-sum
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taxes. Lump-sum taxes and transfers are not, in fact,
widely used by governments as they are generally
seen as politically infeasible.

Notwithstanding that the conditions under which
the two theorems hold are not fully satisfied in
any actual economy, the overwhelming majority of
economists do approach practical policy analysis on
the basis that the problems of efficiency and equity
can be dealt with independently.

PART 3 MARKET FAILURE,
PUBLIC POLICY AND
THE ENVIRONMENT

In Part 1 of this chapter, we laid out the conditions
that characterise an efficient allocation. In Part 2, we
showed that, given ‘ideal’ circumstances concern-
ing institutions and behaviour, a system of markets
would produce an efficient allocation. We noted that
the ideal circumstances are truly ideal, in that they
do not describe any actual economy. Actual market
economies depart from the ideal circumstances in
a variety of ways, and the allocations that they
produce are not efficient. Economists use welfare
economics to identify ‘market failures’ — situations
where actual circumstances depart from the ideal —
and to recommend policies to correct them so that
actual economies perform better in relation to the
objective of efficiency. Much of environmental and
resource economics is welfare economics of this
sort. It is concerned with identifying and correcting
market failure in relation to the services that the
environment provides to the economy. In this part
of the chapter, we introduce some of the basic ideas
involved here. In Part II of the book, we apply the
basic ideas to the problem of environmental pol-
lution. Part III extends the basic ideas to cover
intertemporal allocation problems, and then looks,
mainly, at the welfare economics of the amenity
services that the environment provides. Part IV of
the book then deals, mainly, with the economics of
natural resources as inputs to production.

5.8 The existence of markets for
environmental services

To recapitulate, we have seen that for markets to
produce efficient allocations, it is necessary that:

1. Markets exist for all goods and services
produced and consumed.

2. All markets are perfectly competitive.

All transactors have perfect information.

4. Private property rights are fully assigned in all
resources and commodities.

5. No externalities exist.

6. All goods and services are private goods.
That is, there are no public goods.

7. All utility and production functions are
‘well behaved’.

8. All agents are maximisers.

W

Clearly, 1 here is fundamental. If there are goods
and services for which markets do not exist, then the
market system cannot produce an efficient alloca-
tion, as that concept applies to all goods and services
that are of interest to any agent, either as utility or
production function arguments. Further, 4 is neces-
sary for 1 — a market in a resource or commodity can
only exist where there are private property rights in
that resource or commodity.

We can define a property right as: a bundle of
characteristics that convey certain powers to the
owner of the right.* These characteristics concern
conditions of appropriability of returns, the ability to
divide or transfer the right, the degree of exclusive-
ness of the right, and the duration and enforceability
of the right. Where a right is exclusive to one person
or corporation, a private property right is said to
exist.

In Chapter 2 we provided a classification of the
services that the natural environment provides to
economic activity, using Figure 2.1. Let us now
briefly consider the different classes of service dis-
tinguished there in relation to the question of the
existence of private property rights. Where these do
not exist, market forces cannot allocate efficiently.
If efficiency is the objective, some kind of public

4 This definition is taken from Hartwick and Olewiler (1986).
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policy intervention is required. Our remarks here
are intended only to provide a general overview,
as a guide to what follows in the rest of this book.
The details of any particular case can be quite
complicated.

In regard to the provision of inputs to production,
natural resources, we made two major distinctions —
between flow and stock resources, and, for the latter,
between renewables and non-renewables. Generally,
there are no private property rights in flow resources
as such. Individuals or corporations do not, for
example, have property rights in flows of solar radi-
ation. They may, however, have property rights in
land, and, hence, in the ability to capture the solar
radiation falling on that land.’ Deposits of non-
renewable natural resources are, generally, subject
to private property rights. Often these reside ultim-
ately with the government, but are sold or leased by
it to individuals and/or corporations. The problems
arising from the non-existence of private property
rights are not central to the economics of non-
renewable resources.

They do, on the other hand, feature large in the
renewable resource economics literature. Many,
but not all, of the biotic populations exploited by
humans as hunter—gatherers, rather than agricultur-
ists, are not subject to private property rights. The
standard example of the case where they are not
is the ocean fishery. Where private property rights
are absent, two sorts of situation may obtain. In the
case of ‘open-access resources’ exploitation is un-
controlled. The term ‘common-property resources’ is
used whenever some legal or customary conventions,
other than private property rights, regulate exploita-
tion of the resource. Whereas an open-access regime
definitely will not promote exploitation that cor-
responds to efficiency, a common property regime
may do so given the appropriate conventions and
regulation. Much of the modern fisheries economics
literature, as will be seen in Chapter 17, is concerned
with the design of systems of government regulation
of common property that will promote behaviour
consistent with efficiency on the part of the private
agents actually exploiting the fishery.

The second class of environmental service that
was distinguished was that of receptacle for the
wastes arising in economic activity. Generally, for
most of history and for many wastes, the environ-
ment as waste sink has not been subject to private
property rights, and has been, in effect, an open-
access resource. With increasing awareness of the
problems of pollution arising, states have moved to
legislate so as to convert many waste sinks from
open-access resources to common-property resources.
Much of Part II of the book is about the economic
analysis that is relevant to the public-policy ques-
tions arising. What is the level of pollution that goes
with efficiency? How should the behaviour of waste
dischargers be regulated? We shall introduce the
basic ideas involved here later in this chapter, when
discussing ‘externalities’.

The case of the amenity services that the environ-
ment provides is rather like that of flow resources, in
that the service itself will not generally be subject to
private property rights, though the means of access-
ing it may be. Thus, for example, nobody can own
a beautiful view, but the land that it is necessary
to visit in order to see it may be privately owned.
Private property rights in a wilderness area would
allow the owner to, say, develop it for agriculture or
extractive resource use, thus reducing the amenity
services flow from the area, or to preserve the
wilderness. While in principle the owner could
charge for access to a wilderness area, in practice
this is often infeasible. Further, some of the amenity
services that the area delivers do not require access,
and cannot be charged for by the owner. The rev-
enue stream that is available under the preservation
option is likely to understate the true value to soci-
ety of that option. This is not true of the develop-
ment option. In this case, a decision as between the
options based on market revenues will be biased in
favour of the development option, and the operative
question in terms of market failure is whether the
existing private property rights need to be attenuated,
s0 as to secure the proper, efficient, balance between
preservation and development. This sort of issue is
dealt with in Part III of the book.

5

To see the complexities that can arise, note that in some jurisdictions a householder may be able to prevent others taking action which

reduces the light reaching her property, though this may depend on the nature and purpose of the action.
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The life-support services provided by the natural
environment are not subject to private property
rights. Consider, as an example, the global atmo-
sphere, the carbon cycle and the climate system.
Historically, the global atmosphere has been a free-
access resource. As briefly discussed in Chapter 2,
and to be revisited at several places in the rest of the
book (especially Chapter 10), anthropogenic emis-
sions of carbon dioxide have increased atmospheric
concentrations of that greenhouse gas. The consen-
sus of expert judgement is that this has affected the
way that the global climate system works, and that
unless action is taken to reduce the rate of growth
of anthropogenic carbon dioxide emissions, further
change, on balance harmful to human interests, will
occur. Given this, most nations are now parties to
an international agreement to act to curb the rate of
growth of carbon dioxide and other greenhouse gas
emissions. This agreement is discussed in Chapter
10. It can be seen as a first step in a process of trans-
forming the global atmosphere from a free-access to
a common-property resource.

5.9 Public goods

One of the circumstances, 6 in the listing above,
required for it to be true that a pure market system
could support an efficient allocation is that there
be no public goods. Some of the services that the
natural environment provides to economic activity
have the characteristics of public goods, and cannot
be handled properly by a pure market system of
economic organisation. So we need to explain what
public goods are, the problems that they give rise
to for markets, and what can be done about these
problems.

Table 5.4 Characteristics of private and public goods

5.9.1 What are public goods?

This turns out to be a question to which there is
no simple short answer. Public goods have been
defined in different ways by different economists. At
one time it was thought that there were just private
goods and public goods. Now it is recognised that
pure private and pure public goods are polar cases,
and that a complete classification has to include
intermediate cases. It turns out that thinking about
these matters helps to clarify some other issues rel-
evant to resource and environmental economics.

There are two characteristics of goods and ser-
vices that are relevant to the public/private question.
These are rivalry and excludability. What we call
rivalry is sometimes referred to in the literature as
divisibility. Table 5.4 shows the fourfold classifica-
tion of goods and services that these two character-
istics give rise to, and provides an example of each
type. Rivalry refers to whether one agent’s con-
sumption is at the expense of another’s consump-
tion. Excludability refers to whether agents can be
prevented from consuming. We use the term ‘agent’
here as public goods may be things that individuals
consume and/or things that firms use as inputs to
production. In what follows here we shall generally
discuss public goods in terms of things that are of
interest to individuals, and it should be kept in mind
that similar considerations can arise with some
inputs to production.

Pure private goods exhibit both rivalry and
excludability. These are ‘ordinary’ goods and ser-
vices, the example being ice cream. For a given
amount of ice cream available, any increase in con-
sumption by A must be at the expense of con-
sumption by others, is rival. Any individual can be
excluded from ice cream consumption. Ice cream
comes in discrete units, for each of which a con-

Excludable

Non-excludable

Rivalrous Pure private good

Ice cream

Non-rivalrous Congestible resource

Wilderness area

Open-access resource
Ocean fishery
(outside territorial waters)

Pure public good
Defence
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sumption entitlement can be identified and traded
(or gifted). Pure public goods exhibit neither rivalry
nor excludability. The example given is the services
of the national defence force. Whatever level that
it is provided at is the same for all citizens of the
nation. There are no discrete units, entitlement to
which can be traded (or gifted). One citizen’s con-
sumption is not rival to, at the cost of, that of others,
and no citizen can be excluded from consumption.

Open-access natural resources exhibit rivalry but
not excludability. The example given is an ocean
fishery that lies outside of the territorial waters of
any nation. In that case, no fishing boat can be pre-
vented from exploiting the fishery, since it is not
subject to private property rights and there is no
government that has the power to treat it as common
property and regulate its exploitation. However,
exploitation is definitely rivalrous. An increase in
the catch by one fishing boat means that there is less
for other boats to take.

Congestible resources exhibit excludability but
not, up to the point at which congestion sets in,
rivalry. The example given is the services to visitors
provided by a wilderness area. If one person visits a
wilderness area and consumes its services — recre-
ation, wildlife experiences and solitude, for example
— that does not prevent others from consuming those
services as well. There is no rivalry between the
consumption of different individuals, provided that
the overall rate of usage is not beyond a threshold
level at which congestion occurs in the sense that
one individual’s visit reduces another’s enjoyment
of theirs. In principle, excludability is possible if the
area is either in private ownership or subject to
common-property management. In practice, of course,
enforcing excludability might be difficult, but, often,
given limited points of access to vehicles it is not.

The question of excludability is a matter of law
and convention, as well as physical characteristics.
We have already noted that as the result of an inter-
national agreement that extended states’ territorial
waters, some ocean fisheries that were open access
have become common property. We also noted
above that a similar process may be beginning in
respect to the global atmosphere, at least in regard
to emissions into it of greenhouse gases. In some
countries beaches cannot be privately owned, and in
some such cases while beaches actually have the

legal status of common property they are generally
used on a free-access basis. This can lead to conges-
tion. In other countries private ownership is the rule,
and private owners do restrict access. In some cases
where the law enables excludability, either on the
basis of private ownership or common property, it is
infeasible to enforce it. However, the feasibility of
exclusion is a function of technology. The invention
of barbed wire and its use in the grazing lands of
North America is a historical example. Satellite
surveillance could be used to monitor unauthorised
use of wilderness areas, though clearly this would be
expensive, and presumably at present it is not con-
sidered that the benefit from so doing is sufficient to
warrant meeting the cost.

In the rest of this section we shall consider pure
public goods, which we will refer to simply as
‘public goods’. As noted, we will be returning to a
detailed consideration of open-access resources,
and common-property resources, at several places
later in the book. Box 5.2 considers some examples
of public goods. Box 5.3 looks at property rights in
relation to biodiversity, and the arising implications
for incentives regarding conservation and medicinal
exploitation.

5.9.2 Public goods and economic efficiency

For our economy with two persons and two private
goods, we found that the top-level, product-mix,
condition for allocative efficiency was

MRUS* = MRUS® = MRT (5.14)

which is equation 5.8 written slightly differently. As
shown in Appendix 5.3, for a two-person economy
where X is a public good and Y is a private good, the
corresponding top-level condition is:

MRUS* + MRUS? = MRT (5.15)

We have shown that, given certain circumstances,
the first of these will be satisfied in a market eco-
nomy. It follows that the condition which is equation
5.15 will not be satisfied in a market economy. A
pure market economy cannot supply a public good at
the level required by allocative efficiency criteria.
A simple numerical example can provide the
rationale for the condition that is equation 5.15.
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Box 5.2 Examples of public goods

The classic textbook examples of public goods
are lighthouses and national defence systems.
These both possess the properties of being non-
excludable and non-rival. If you or I choose
not to pay for defence or lighthouse services,
we cannot be excluded from the benefits of
the service, once it is provided to anyone.
Moreover, our consumption of the service does
not diminish the amount available to others.
Bridges also share the property of being non-
rival (provided they are not used beyond a
point at which congestion effects begin),
although they are not typically non-excludable.
Many environmental resources are public
goods, as can be seen from the following
examples. You should check, in each case, that
the key criterion of non-rivalry is satisfied. The
benefits from biological diversity, the services
of wilderness resources, the climate regulation
mechanisms of the earth’s atmosphere, and the
waste disposal and reprocessing services of
environmental sinks all constitute public goods,
provided the use made of them is not excessive.

Indeed, much public policy towards such
environmental resources can be interpreted in
terms of regulations or incentives designed to
prevent use breaking through such threshold
levels.

Some naturally renewing resource systems also
share public goods properties. Examples include
water resource systems and the composition of
the earth’s atmosphere. Although in these cases
consumption by one person does potentially
reduce the amount of the resource available to
others (so the resource could be ‘scarce’ in an
economic sense), this will not be relevant in
practice as long as consumption rates are low
relative to the system’s regenerative capacity.

Finally, note that many public health
measures, including inoculation and vaccination
against infectious diseases, have public goods
characteristics, by reducing the probability of any
person (whether or not he or she is inoculated or
vaccinated) contracting the disease. Similarly,
educational and research expenditures are, to
some extent, public goods.

Box 5.3 Property rights and biodiversity

Among the many sources of value that humans
derive from biological diversity is the
contribution it makes to the pharmaceutical
industry. This is examined in a volume which
brings together a collection of papers on the
theme of property rights and biological diversity
(Swanson, 1995a). In this box we summarise
some of the central issues raised there.

Swanson begins by noting that the biological
characteristics of plants (and, to a lesser extent,
animals) can be classified into primary and
secondary forms. Primary characteristics concern
the efficiency with which an organism directly
draws upon its environment. For example, plant
growth — and the survivability of a population of
that plant over time — depends upon its rate of
photosynthesis, by which solar energy is
converted into the biological material of the
plant itself. The success of a species depends
on such primary characteristics; indeed, the
ecological dominance of humans can be
described largely in terms of the massive
increases in primary productivity attained
through modern agriculture.

But another set of characteristics — secondary
characteristics — are also of great importance
in the survivability of an organism within
its environment. To survive in a particular
ecological complex, an organism must be
compatible with other living components of its
environment. The secondary metabolites which
plants develop are crucial in this respect. Some
plants develop attractors (such as fruits and
aromas) which increase the spread of their
reproductive materials. Acorns, for example, are
transported and eaten by small animals, thereby
encouraging the spread of oak woodlands. Other
plants develop repellents in the form of
(unattractive) aromas or toxins, which give
defence against predatory organisms.

A diverse ecosystem will be characterised by
a large variety of biological organisms in which
evolutionary processes generate a rich mix of
these secondary metabolites. Many of these will
be highly context-specific. That is, even within
one fairly narrow class of plants, there can be a
large variety of these secondary metabolites that
function to give relative fitness in a particular
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Box 5.3 continued

location. These secondary characteristics are
helpful to plants and animals not only in aiding
current survival but also in terms of long-term
evolutionary sustainability. The presence of a
diverse collection of secondary metabolites
provides resources to help organisms survive
environmental disruptions.

But these secondary characteristics are also
of immense value to humans, and have been
for much of recorded history. Let us look at a
few examples discussed by Swanson. Lemons
have been used to avoid scurvy in humans for
hundreds of years, without any knowledge about
how this beneficial effect was taking place. We
now know that the active ingredient is vitamin C,
one of the secondary metabolites of citrus fruits.
Similarly, the bark of the willow tree was used
for pain relief for centuries before the active
substance (salicylic acid) was identified; its
current form is the drug aspirin. More recently,
the plant sweetclover was found to be causing
severe internal bleeding in cattle. Trials showed
that it served as an anti-coagulant across a wide
variety of animals. Subsequent developments led
to its use in warfarin (the major rodent poison in
the world) and in drugs to treat victims of strokes
(to reduce blood clotting).

Until recently, almost all medicines were
derived more or less directly from natural
sources. Even today, in the modern
pharmaceuticals industry, a large proportion
of the drugs in use throughout the world are
derived from natural sources. Much work within
the pharmaceuticals industry is concerned with
identifying medicinal uses of secondary
metabolites within plant, animal and microbial
communities. The first step in this process is to
develop chemicals from these organisms that
have demonstrable biological effects within
humans. Possible uses of the chemicals can
then be found. What is interesting is that even
today, the drugs developed in this way (such
as those used in general anaesthesia) are often
used without good understanding of their
mechanism.

Two things are virtually certain. First, a large
number of substances are being, or have been,
used in specific cultural contexts without their
usefulness having become generally known.
Secondly, we have only begun to scratch the
surface of the range of possible uses that the
biosphere permits. Our collective knowledge
encompasses only a small part of what there is
to know.

All of this suggests that the conservation of
biological diversity is of enormous value. This
was recognised in the 1992 Rio Convention
on Biological Diversity, which stated that
biological diversity must be conserved and
cultural/institutional diversity respected. Yet
the institutional arrangements we have in place
are poorly designed to conserve that diversity.

Swanson focuses on the role that property
rights plays. The nub of the problem is that the
system of property rights which has been built
up over the past 100 years rewards the creators
of information in very different ways. Consider a
drug company that extracts biological specimens
from various parts of the world and screens these
for potential beneficial effects. Intellectual
property rights will be awarded to the first
individual or organisation that can demonstrate a
novel use of information in a product or process.
There is nothing wrong with this, of course.

A system which rewards people who create
useful information by granting them exclusive
rights to market products that incorporate that
information is of immense value. Intellectual
property rights, in the form of patents and the
like, give market value to information, and create
incentives to search for and exploit more
information.

However, Swanson points out that not all
forms of information have such market value. In
particular, the existence of biologically diverse
ecosystems creates a reservoir of potentially
useful information, but no system of property
rights exists which rewards those who build up
or sustain biodiversity. He writes (1995a, p. 6):

Internationally-recognised property rights systems
must be flexible enough to recognise and reward
the contributions to the pharmaceutical industry
of each people, irrespective of the nature of the
source of that contribution. In particular, if one
society generates information useful in the
pharmaceutical industry by means of investing
in natural capital (non-conversion of forests etc.)
whereas another generates such information by
investing in human capital (laboratory-based
research and school-based training) each is
equally entitled to an institution that recognises
that contribution.

What is needed, therefore, is a property rights
system that brings the value of biodiversity
back into human decision-making. So-called
‘intellectual’ property rights should be
generalised to include not only intellectual
but natural sources of information. Put another
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Box 5.3 continued

way, it is information property rights rather than
just intellectual property rights that should

be protected and rewarded. An ideal system
would reward any investment that generates
information, including that which is produced
naturally.

It is ironic that the ‘success’ of modern
scientific systems of medicine may be
contributing to a loss of potentially useful
information. Swanson points to the fact that
knowledge which is used with demonstrable
success in particular cultural contexts often
fails to be widely recognised and rewarded.
The difficulty has to do with the fact that this
knowledge is not codified in ways that satisfy

conventional scientific standards. Publication in
academic and professional journals, for example,
tends to require analysis in a standard form of
each link in the chain running from chemical
input to accomplished objective. Unconventional
or alternative forms of medicine that cannot

fit this pattern struggle to survive, even when
they have demonstrable value and where no
orthodox substitute exists (such as in the
treatment of eczema). Reading the collection

of papers in full will show you what Swanson
and his co-authors recommend to rectify these
shortcomings.

Source: Swanson (1995a, b)

Suppose that an allocation exists such that MRT =1,
MRUS* = 1/5 and MRUS® = 2/5, so that MRUS" +
MRUSE < MRT. The fact that the MRT is 1 means
that, at the margin, the private and public commod-
ities can be exchanged in production on a one-for-
one basis — the marginal cost of an extra unit of X
is a unit of ¥, and vice versa. The fact that MRUS"
is 1/5 means that A could suffer a loss of 1 unit of X,
and still be as well off if she received 1/5th of a unit
of Y by way of compensation. Similarly, the fact that
MRUSP is 2/5 means that B could suffer a loss of 1
unit of X, and still be as well off if he received 2/5 of
a unit of ¥ by way of compensation. Now, consider
a reduction in the production of X by 1 unit. Since X
is a public good, this means that the consumption
of X by both A and B will fall by 1 unit. Given the
MRT of 1, the resources released by this reduction
in the production of X will produce an extra unit of
Y. To remain as well off as initially, A requires 1/5
of a unit of Y and B requires 2/5 of a unit. The total
compensation required for both to be as well off as
they were initially is 1/5 + 2/5 = 3/5 units of Y,
whereas there is available 1 unit of Y. So, at least one
of them could actually be made better off than ini-
tially, with neither being worse off. This would then
be a Pareto improvement. Hence, the initial situation
with MRUS* + MRUS® < MRT could not have been
Pareto optimal, efficient.

Now consider an initial allocation where MRT =1,
MRUS* = 2/5 and MRUSP = 4/5 so that MRUS*

+ MRUSE > MRT. Consider an increase of 1 unit in
the supply of the public good, so that the consump-
tion of X by both A and B increases by 1 unit. Given
MRT = 1, the supply of Y falls by 1 unit. Given
MRUS* = 2/5, A could forgo 2/5 units of Y and
remain as well off as initially, given X* increased
by 1. Given MRUSE = 4/5, B could forgo 4/5 units
of Y and remain as well off as initially, given X®
increased by 1. So, with an increase in the supply of
X of 1 unit, the supply of Y could be reduced by 2/5
+ 4/5 = 6/5 without making either A or B worse off.
But, in production the Y cost of an extra unit of X is
just 1, which is less than 6/5. So, either A or B could
actually be made better off using the ‘surplus’ Y. For
MRUS* + MRUSE > MRT there is the possibility of
a Pareto improvement, so the initial allocation could
not have been efficient.

Since both MRUS* + MRUS® < MRT and
MRUS* + MRUS® > MRT are situations where
Pareto improvements are possible, it follows that
MRUS* + MRUS® = MRT characterises situations
where they are not, so it is a necessary condition for
allocative efficiency.

In the case of a private good, each individual can
consume a different amount. Efficiency requires,
however, that all individuals must, at the margin,
value it equally. It also requires, see equation 5.14,
that the common valuation, at the margin, on the
part of individuals is equal to the cost, at the mar-
gin, of the good. In the case of a public good, each
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individual must, by virtue of non-rivalry, consume
the same amount of the good. Efficiency does not
require that they all value it equally at the margin. It
does require, see equation 5.15, that the sum of their
marginal valuations be equal to the cost, at the mar-
gin, of the good.

Markets cannot provide public goods in the
amounts that go with allocative efficiency. In fact,
markets cannot supply public goods at all. This
follows from their non-excludability characteristic.
A market in widgets works on the basis that widget
makers exchange the rights to exclusive control
over defined bundles of widgets for the rights to ex-
clusive control over defined bundles of something
else. Usually, the exchange takes the form of the
exchange of widgets for money. This can only work
if the widget maker can deny access to widgets to
those who do not pay, as is the case with private
goods. Where access to widgets is not conditional on
payment, a private firm cannot function as it cannot
derive revenue from widget production. Given that
the direct link between payment and access is
broken by non-excludability, goods and services that
have that characteristic have to be supplied by some
entity that can get the revenue required to cover the
costs of production from some source other than
the sale of such goods and services. Such an entity
is government, which has the power to levy taxes so
as to raise revenue. The supply of public goods is
(part of) the business of government. The existence
of public goods is one of the reasons why all
economists see a role for government in economic
activity.

Given that it is the government that must supply a
public good, the question which naturally arises for
an economist is: what rule should government fol-
low so as to supply it in amounts that correspond to
efficiency? In principle, the answer to this question
follows from equation 5.15. In a two-person, two-
commodity economy, the efficient level of supply
for the public good is the level at which the sum of
two MRUSs is equal to the MRT between it and the
private good. Actual economies have many individ-
uals and many private commodities. The first point
here presents no difficulty, as it is clear that we sim-
ply need to extend the summation over all MRUSs,
however many there are. As regards the second, it
is simply a matter of noting that the MRT is the

A

MRUS* + MRUSE = MWTP* + MWTPB

MC = MRT

Y
>

X

Figure 5.12 The efficient level of supply for a public good

marginal cost in terms of forgone private goods con-
sumption, so that the rule becomes: supply the pub-
lic good at the level where the sum of all the MRUSs
is equal to the marginal cost. Now, it follows from
its definition that the MRUS is the same as marginal
willingness to pay, MWTP, so this rule can be stated
as: supply the public good at the level where aggre-
gate marginal willingness to pay is equal to marginal
cost. The determination of the efficient amount of a
public good, for two individuals for convenience, is
illustrated in Figure 5.12.

5.9.3 Preference revelation and the free-
rider problem

While the rule for the efficient supply of a public
good is simple enough at the level of principle, its
practical application faces a major difficulty. In
order to apply the rule, the government needs to
know the preferences, in terms of marginal willing-
ness to pay, of all relevant individuals. It is in the
nature of the case that those preferences are not
revealed in markets. Further, if the government
tries to find out what they are in some other way,
then individuals have (on the standard assumptions
about their motivations and behaviour) incentives
not to truthfully reveal their preferences. Given
that all consume equal amounts of a public good,
and that exclusion from consumption on account of



132

Foundations

non-payment is impossible, individuals will try to
‘free-ride’ with respect to public goods provision.

To bring out the basic ideas here in a simple way
we shall consider an example where the problem
is to decide whether or not to provide a discrete
amount of a public good, rather than to decide how
much of a public good to supply. The nature of the
problem is the same in either case, but is easier to
state and understand in the ‘yes/no’ case than in
the ‘how much?’ case. At issue is the question of
whether or not to install street lighting. We will first
look at this when there is no government. There are
two individuals A and B. Both have an endowment
of private goods worth £1000. Installing the street
lighting will cost £100. The two individuals both
have preferences such that they would be willing to
pay £60 for the installation of street lighting. The
analysis that follows is not dependent on the two
individuals being equally well off and having the
same preferences, that just makes the story easier to
tell initially. An obvious modification of the rule
derived for the efficient level of provision of a pub-
lic good derived above for the ‘yes/no’ situation is
that the decision should be ‘yes’ if the sum of indi-
viduals’ willingness to pay is equal to or greater than
the cost. In this case it is greater: £60 + £60 = £120.

Now, suppose that A and B agree to proceed in
the following way. Each will independently write
down on a piece of paper either ‘Buy’ or ‘Don’t
buy’. If when the two pieces of paper are brought
together, both have said ‘Buy’, they buy the street
lighting jointly and share the cost equally. For two
‘Don’t buy’ responses, the street lighting is not
bought and installed. In the event of one ‘Buy’ and
one ‘Don’t buy’, the street lighting is bought and the
individual who voted ‘Buy’ pays the entire cost. The
four possible outcomes are shown in the cells of
Table 5.5 in terms of the monetary valuations on the
part of each individual, that of A to the left of the
slash, that of B to the right.®

Table 5.5 The preference revelation problem

B
Buy Don’t buy
A Buy 1010/1010 960/1060
Don’t buy 1060/960 1000/1000

In the bottom right cell, the decision is not to go
ahead. Neither incurs any cost in regard to street
lighting and neither gets any benefit, so both are in
their initial situations with £1000. Suppose both
responded ‘Buy’. Then with the street lighting
installed, as shown in the top left cell, the situation
for both can be expressed in monetary terms as
£1010. Each has paid £50, half of the total of £100,
for something valued at £60, so gaining by £10 as
compared with the no street lighting situation.
Suppose A wrote ‘Buy’ and B wrote ‘Don’t buy’.
The lighting goes in, A pays the whole cost and B
pays nothing. A pays £100 for something she values
at £60, and goes from £1000 to £960. B pays noth-
ing for something he values at £60, and goes from
£1000 to £1060. This is shown in the top right cell.
The bottom left cell has the entries of that cell
reversed, because B pays the whole cost.

Now, clearly both are better off if both write
‘Buy’ and the street lighting is bought. But, either
will be even better off if, as in the bottom left or top
right cell, they can ‘free-ride’. For each individual
thinking about what to write on their piece of paper,
writing ‘Don’t buy’ is the dominant strategy. Con-
sider individual B. If A goes for ‘Buy’, B gets to
£1010 for ‘Buy’ and to £1060 for ‘Don’t buy’. If A
goes for ‘Don’t buy’, B gets to £960 for ‘Buy’ and
to £1000 for ‘Don’t buy’. Whatever A does, B is bet-
ter off going for ‘Don’t buy’. And the same is true
for A, as can readily be checked. So, while installing
the lighting and sharing the cost equally is a Pareto
improvement, it will not come about where both

¢ This is a ‘game’ with the structure often referred to as ‘the pris-

oner’s dilemma’ because of the setting in which the structure is
often articulated. A ‘game’ is a situation in which agents have to
take decisions the consequences of which depend on the deci-
sions of other agents. We shall come back to looking at some
game structures in Chapter 10. In the prisoner’s dilemma setting,
the agents are two individuals arrested for a crime and sub-
sequently kept apart so that they cannot communicate with one

another. The evidence against them is weak, and the police offer
each a deal — confess to the crime and get a much lighter sentence
than if you are convicted without confessing. Confession by one
implicates the other. If neither confesses both go free. If both con-
fess, both get lighter sentences. If only one confesses, the con-
fessor gets a light sentence while the other gets a heavy sentence.
The dominant strategy is confession, though both would be better
off not confessing.
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individuals act independently to serve their own
self-interest. What is needed is some kind of co-
ordination, so as to bring about the Pareto improve-
ment which is going ahead with the street lighting.

Given what we have already said about public
goods, government would seem the obvious way
to bring about the required coordination. It can, in
principle, ascertain whether the installation of street
lighting is justified on efficiency grounds, and if it
is install it and cover the cost by taxing each indi-
vidual according to their willingness to pay. However,
in practice, given self-seeking individuals, the free-
rider problem also attends this programme. The pro-
blem comes up in trying to get the individuals to
reveal their true preferences for the public good.

Suppose now that a government does exist, and
that it wants to follow efficiency criteria. It knows
that installing the street lighting will cost £100,
and that it should install it if total willingness to pay
is equal to or greater than that. It does not know the
preferences, in terms of willingness to pay, of the
two individuals who, in this simple example, consti-
tute the citizenry. The obvious thing for it to do is to
ask them about it. It does that, stating that the cost of
installation will be met by a tax on each individual
which is proportional to their willingness to pay and
such that the total tax raised is equal to the cost of
installation. If each individual truly reports willing-
ness to pay £60, the street lighting will go ahead and
each will pay £50 in tax. This represents a Pareto
improvement — see the top left cell in Table 5.5. The
problem is that the incentives facing each individual
are not such as to guarantee truthful preference rev-
elation. Given that tax liability will be proportional
to stated willingness to pay, there is an incentive to
understate it so as to reduce the tax liability if the
street lighting goes ahead, and to get something of a
free ride. In the example of Table 5.5, if B states
willingness to pay as £40 and A tells the truth, the
street lighting will go ahead — stated aggregate will-
ingness to pay £100 — and B will pay 40%, rather
than 50%, of £100. If A also understates willingness
to pay by £20, the government’s estimate of aggreg-
ate willingness to pay will mean that it does not go
ahead with the lighting. The attempt to free-ride may
fail if many make it.

The problem of securing truthful preference
revelation in regard to the supply of public goods

has been the subject of a lot of investigation by eco-
nomists. It turns out to be very difficult to come up
with systems that provide the incentives for truthful
revelation, and are feasible. The interested reader
will find references to work in this area in the
Further Reading section at the end of the chapter.
Here we will, in order to indicate the nature of the
difficulties, simply note one idea that is intended to
overcome the free-riding incentives generated by
the system just discussed. There the problem was
that an individual’s tax liability depended on stated
willingness to pay. This could be avoided by the
government’s asking about willingness to pay on
the understanding that each individual would, if the
installation went ahead, pay a fixed sum. Suppose
that the government divided the cost by the number
of individuals, and stated that the fixed sum was £50
per individual. For both individuals, true willingness
to pay is £60. Both have an incentive now to over-
state their willingness to pay. Both value the street
lighting at more than it is going to cost them so they
want to see it installed. Both know that this is more
likely the higher they say that their willingness to
pay is, and that however much in excess of £60 they
report they will only pay £50.

In this case overstating willingness to pay pro-
duces the right decision. The street lighting should
be installed on the basis of true aggregate willing-
ness to pay, and will be installed on the basis of
reported willingness to pay. If the lighting is
installed, each individual is better off, there is a
Pareto improvement. Suppose, however, that A’s
willingness to pay is £55 and B’s is £40. In that case,
aggregate willingness to pay is £95, less than the
cost of £100, and the street lighting should not be
installed. In this case, on the understanding that each
would pay a tax of £50 if the lighting is installed,
A would have an incentive to overstate her willing-
ness to pay as before, but B would have an incentive
to understate his. In fact, it would make sense for B
to report willingness to pay as £0 — if the lighting
goes ahead he pays £50 for something worth just
£40 to him, so he will want to do the most he can
to stop it going ahead. Whether it does go ahead or
not depends on how much A overstates her willing-
ness to pay by. If A reports £200 or more, despite B
reporting £0, the street lighting will be installed
when on efficiency grounds it should not be.
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Finally, this simple example can be used to show
that even if the government could secure the truthful
revelation of preferences, public goods supply is still
a difficult problem. Suppose that A’s true willing-
ness to pay is £60 and B’s is £41, and that somehow
or other the government knows this without needing
to ask the individuals. The government has to decide
how to cover the cost. It could tax each in proportion
to willingness to pay, but given that A and B are ini-
tially equally wealthy in terms of private goods, this
is in practice unlikely as it would be regarded as
unfair. Taxing each at equal shares of the cost would
be likely to be seen as the ‘fair’ thing to do. In that
case, A would pay £50 for a benefit worth £60, and
B would pay £50 for a benefit worth £41. In monet-
ary terms, as the result of installing the lighting, A
would go from £1000 to £1010 and B would go from
£1000 to £991. Since there is a loser this is not a
Pareto improvement, though it is a potential Pareto
improvement — we are into the domain of the
Kaldor—Hicks—Scitovsky test. By looking at equally
wealthy individuals, we avoided the problem that
efficiency gains are not necessarily welfare gains.
Suppose that the gainer A were much richer than the
loser B. Then, the question arises as to whether gains
and losses should be given equal weight in coming
to a decision.

For a government to make decisions about the
supply and financing of public goods according to
the criteria recommended by economists requires
that it have lots of difficult-to-acquire information,
and can involve equity questions as well as effici-
ency questions.

5.10 Externalities

An external effect, or an externality, is said to occur
when the production or consumption decisions of
one agent have an impact on the utility or profit of

another agent in an unintended way, and when no
compensation/payment is made by the generator of
the impact to the affected party.” In our analysis thus
far in this chapter, we have excluded the existence
of externalities by the assumptions that were made
about the utility and production functions. But in
practice consumption and production behaviour by
some agents does affect, in uncompensated/unpaid-
for ways, the utility gained by other consumers and
the output produced, and profit realised, by other pro-
ducers. Economic behaviour does, in fact, involve
external effects.

The stated definition of an external effect is not
perhaps very illuminating as to what exactly is
involved. Things will become clearer as we work
through the analysis. The two key things to keep in
mind are that we are interested in effects from one
agent to another which are unintended, and where
there is no compensation, in respect of a harmful
effect, or payment, in respect of a beneficial effect.
We begin our analysis of externalities by discussing
the forms that externalities can take.

5.10.1 Classification of externalities

In our two-person, two-(private)-commodity, two-
input economy we have worked with

Ur=UXN 1YY
UP=UBX®, Y®)

as utility functions, and
X = X(K*, [¥)
Y=Y(K' L

as production functions. Note that here the only
things that affect an individual’s utility are her own
consumption levels, and that the only things that
affect a firm’s output are the levels of inputs that it
uses. There are, that is, no external effects.

7 Some authors leave out from the definition of an externality the

condition that the effect is not paid or compensated for, on the
grounds that if there were payment or compensation then there
would be no lack of intention involved, so that the lack of com-
pensation/payment part of the definition as given in the text here
is redundant. As we shall see, there is something in this. However,
we prefer the definition given here as it calls attention to the fact

that lack of compensation/payment is a key feature of externality
as a policy problem. Policy solutions to externality problems always
involve introducing some kind of compensation/payment so as to
remove the unintentionality, though it has to be said that the com-
pensation/payment does not necessarily go to/come from the
affected agent.
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Table 5.6 Externality classification

Arising in Affecting Utility/production function
Consumption ~ Consumption UMX™, YA, XP)
Consumption  Production X(K*, LY, ™)
Consumption ~ Consumption UAXA, YA, X®) and

and production ~ Y(K', L, X®)
Production Consumption UAXA, YA, X)
Production Production X(KX, L, Y)
Production Consumption UAXA, YA, Y) and

and production  X(K*, L*, Y)

External effects can, first, be classified according
to what sort of economic activity they originate in
and what sort of economic activity they impact on.
Given two sorts of economic activity, consumption
and production, this gives rise to the sixfold classi-
fication shown in Table 5.6. The first column shows
whether the originating agent is a consumer or pro-
ducer, the second whether the affected agent is a
consumer or producer, and the third provides an
illustrative utility or production function for the
affected agent. In Table 5.6, we are concerned only
to set out the forms that unintended interdependence
between agents could take. Some examples will be
provided shortly.

In the first row in Table 5.6, an example of a con-
sumption externality is where agent B’s consump-
tion of commodity X is an argument in A’s utility
function — B’s consumption of X affects the utility
that A derives from given levels of consumption of
X and Y. In the second row, A’s consumption of Y is
shown as affecting the production of X, for given
levels of capital and labour input. Row 3 has B’s
consumption of X affecting both A’s utility and the
production of Y. In row 4, the amount of X produced,
as well as A’s consumption of X, affects A’s utility.
Row 5 has the production of Y determining, for
given capital and labour inputs, the amount of X pro-
duced. Finally, in row 6 we have a situation where

Table 5.7 Beneficial and harmful externalities

the level of Y affects both A’s utility and the pro-
duction of X.

The unintended impact that an external effect
involves may be harmful or beneficial. Table 5.7
provides examples of both kinds. If an individual
has a vaccination that protects them, which is their
intention, it also has the unintended effect of reduc-
ing the probability that others will contract the dis-
ease. An individual playing their radio loudly in the
park inflicts suffering on others, though that is not
their intention. In these two cases, the external effect
originates in consumption and affects individuals. A
beneficial externality originating in production, and
impacting on production, is the case where a honey
producer’s bees pollinate a nearby fruit orchard.
Pollution, in the bottom right cell, is a harmful extern-
ality which most usually originates in production
activities. It can affect consumers, or producers, or
both.

Another dimension according to which external
effects can be classified is in terms of whether they
have, or do not have, the public goods characteristics
of non-rivalry and non-excludability. While external
effects can have the characteristics of private goods,
those that are most relevant for policy analysis
exhibit non-rivalry and non-excludability. This is
especially the case with external effects that involve
the natural environment, which mainly involve pol-
lution problems. Why this is the case will become
clear in the analysis that follows here. All of the
examples in Table 5.7 involve non-rivalry and non-
excludability.

5.10.2 Externalities and economic efficiency

Externalities are a source of market failure. Given
that all of the other institutional conditions for a
pure market system to realise an efficient alloca-
tion hold, if there is a beneficial externality the
market will produce too little of it in relation to the

Effect on others Originating in consumption

Originating in production

Beneficial Vaccination against an infectious disease

Adverse

Noise pollution from radio playing in park

Pollination of blossom arising from proximity to apiary

Chemical factory discharge of contaminated water into
water systems
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Box 5.4 Atmospheric ozone and market failure

Evidence now suggests that the accumulation of
tropospheric ozone in urban areas poses serious
threats to human health, and also leads to
agricultural crop damage in surrounding areas.®
A major source of tropospheric ozone is road
vehicle exhaust emissions. Because vehicle
emissions have real effects on well-being through
our utility and production functions, these
emissions can be termed ‘goods’ (although it
may be preferable to label them as ‘bads’ as the
effects on utility are adverse). However, with no
individual private property rights in clean air,
in the absence of government intervention, no
charge is made for such emissions. With no
charges being made for damaging emissions,
resources will not be allocated efficiently. An
efficient allocation would involve lower exhaust
emissions, implying one or more of: lower traffic
volumes, change in fuel type used, increased

engine efficiency, enhanced exhaust control.
How such objectives might be achieved is
considered in this chapter, and in more detail in
Chapter 7, but it should be clear at this stage that
one method would be through the use of a tax on
the emissions that cause ozone accumulation. An
efficient emissions tax would impose a tax rate
equal to the value of the marginal damage that
would occur at the efficient level of emissions.
In arriving at this conclusion, we do not
explicitly consider the time dimension of
pollution. But note that if ozone accumulates
over time, and damage is dependent on the stock
of ozone rather than the flow of emissions in any
particular period, then we need to consider the
accumulation of the pollutant over time. As
Chapter 16 shows, where emission flows lead
to accumulating stocks of pollutants, it may be
efficient to impose a tax rate that rises over time.

® Note that this accumulation of ozone in lower layers of the atmosphere is completely distinct from the destruction
of the ozone layer in the earth’s upper atmosphere (the stratosphere). The latter phenomenon — often known as ‘holes
in the ozone layer’ — causes different problems, as is explained in Chapter 10.

requirements of allocative efficiency, while in the
case of a harmful externality the market will produce
more of it than efficiency requires. Since we are con-
cerned with the application of welfare economics
to environmental problems, and the main relevance
of externalities there is in regard to environmental
pollution, we shall look in any detail only at harmful
externalities here. Box 5.4 concerns an important
example of a harmful externality pollution problem.
We will demonstrate that the market, in the absence
of corrective policy, will ‘over-supply’ pollution by
looking at three sorts of pollution problem — a
consumer-to-consumer case, a producer-to-producer
case, and a case where the unintended effect is from
a producer to consumers. These three cases bring out
all of the essential features of pollution as a market
failure problem. In the text we shall use diagrams
and partial equilibrium analysis to make the essen-
tial points — the reader may find it useful to review
our exposition of this method of analysis in an
earlier part of this chapter. In Appendix 5.3 we
cover the same ground using general equilibrium
analysis.

Before getting into these cases in a little detail, we
can make a general intuitive point that covers both
beneficial and harmful externalities. The basic prob-
lem with external effects follows directly from the
definition in regard to unintendedness and lack of
payment/compensation. These two features of the
externality problem are directly related. The lack of
intentionality follows from the fact that the impact
involved does not carry with it any recompense, in
the case of a beneficial effect, or penalty, in the case
of a harmful effect. External effects arise where an
agent’s actions affecting other agents do not involve
any feedback — benefit is conferred which is not
rewarded, or harm is done which is not punished.
Given the lack of reward/punishment, which in a
market system would be signalled by monetary pay-
ment, an agent will not take any account of the effect
concerned. It will be unintended and ‘external’ to
their decision making. Where it is a beneficial effect,
it will not be encouraged sufficiently, and there will
not be enough of it. Where it is a harmful effect, it
will not be discouraged sufficiently, and there will
be too much of it. The key to dealing with the
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market failure that external effects give rise to is to
put in place the missing feedbacks, to create a sys-
tem which does reward/punish the generation of
beneficial/harmful effects, so that they are no longer
unintentional.

5.10.3 Consumption—consumption externality

Suppose that A and B live in adjacent flats (apart-
ments). A is a saxophone player, who enjoys prac-
tising a lot. B does not like music, and can hear A
practising. The utility functions are

UA - UA(MA, SA)
UB — UB(MB, SA)

where M represents wealth and S* is the hours that
A plays the saxophone each week, with dU*/oM*
>0, dUP/ oM® > 0, dU*/3dS* > 0 and dU®/9S* < 0.
In Figure 5.13 we show, as MB, the marginal benefit
of playing to A, and, as MEC for marginal external
cost, the marginal cost of playing to B. Marginal
benefit is the amount that A would pay, if it were
necessary, to play a little more. Conversely, MB is
the amount of compensation that would be required
to leave A as well off given a small reduction in
playing. Marginal external cost is the amount that B
would be willing to pay for a little less playing. Con-
versely, MEC is the amount of compensation that
would be required to leave B as well off given a small
increase in M (hours of A’s saxophone playing).

MEC
MB

» Hours of music

0 M* Mo

Figure 5.13 The bargaining solution to an externality
problem

Given that A does not in fact have to pay any-
thing to play her saxophone in her flat, she will
increase her hours of playing up to the level M,
where MB is equal to zero. At that level, A’s total
benefit from playing is given by the sum of the areas
of the triangles a, b and d, and B’s total suffering is
measured in money terms by the sum of the areas b,
d and c.

This is not an efficient outcome, because at M,
MEC > MB. The efficient outcome is at M* where
MEC =MB. At any M to the left of M*, MB > MEC,
so that for a small increase in M, A would be willing
to pay more than would compensate B for that
increase. At any M to the right of M*, MEC > MB
so that for a small decrease in M, B would be willing
to pay more for a small decrease in M than would be
required to compensate A for that decrease. The
inefficient level of saxophone playing at M, comes
about because there are no payments in respect of
variations in M, no market in M, so that the effect on
B is unintentional on the part of A.

At the level of principle, the solution to this prob-
lem of inefficiency is fairly obvious. The problem
is that A does not compensate B because B does not
have any legal right to such compensation, does not
have a property right in a domestic environment
unpolluted by saxophone music. So, the solution is
to establish such a property right, to give B the legal
right to a domestic environment that is not noise-
polluted. Such legal arrangements would support
bargaining which would lead to M* as the level of
M. The argument that establishes that M* would be
the outcome under a legal regime where B can claim
compensation from A exactly parallels the argument
that establishes that M* is the efficient outcome. To
the left of M*, with MB > MEC, A will be willing to
pay more in compensation for a small increase in M
than B requires, so will pay and play more. A will
not increase M beyond M* because the compensa-
tion that it would be necessary to pay B would be
greater than the worth to A of the small increase
thereby attained.

5.10.3.1 The Coase theorem

The idea that, given a suitable assignment of prop-
erty rights, private bargaining between individuals
can correct externality problems and lead to efficient
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outcomes is generally attributed to the Nobel prize
winning economist Ronald Coase, and the result dis-
cussed above is often referred to as the ‘Coase the-
orem’ (the seminal paper is Coase, 1960). In fact, the
result discussed above is only half of the Coase the-
orem. The other half says that an efficient outcome
can also be attained by vesting the property right in
the generator of the external effect. In that case, the
generator would have the legal right to play, for this
example, as much saxophone as she liked. The point
is that given that right, it could be in the interests of
the victim to offer money to the generator not to
exercise their right to the full. Just as the absence of
a clear property right vested in the victim inhibits
one kind of bargaining, so does the absence of a
clear property right vested in the generator inhibit
another kind of bargaining.

Suppose then, that in our saxophone-playing
example a law is passed saying that all saxophone
players have an absolute right to practise up to the
limits of their physical endurance. Legally A can
play as much as she wants. But, a legal right can be
traded. So, the opportunity now exists for A and B
to bargain to a contract specifying the amount that
A will actually play. That amount will be M* in
Figure 5.13. To the right of M*, MEC > MB, so B’s
willingness to pay for a small reduction is greater
than the compensation that A requires for that small
reduction. Starting at M, and considering successive
small reductions, B will be offering more than A
requires until M* is reached where B’s offer will
exactly match the least that A would accept. A and
B would not be able to agree on a level of M to the
left of M*, since there B’s willingness to pay is less
than A requires by way of compensation.

So, what the Coase theorem actually says is that
given this kind of externality situation, due to
incomplete private property rights, one solution in-
volves creating property rights for either the victim
or the generator, and that either assignment will lead
to an efficient outcome. It needs to be explicitly and
carefully noted here that there are two things that are
not being claimed. First, that it is not being said that
the outcome will be the same in both cases. Second,
that it is not being said that either way of assigning
property rights necessarily promotes equity.

In regard to the first point here, note that consid-
ering the move from M, to M* in our saxophone

music example consequent upon the establishment
of the property right and the ensuing bargaining we
have:

(a) For the case where B gets the property right —
there is an M reduction of (M, — M*) and A
pays B an amount equal to the area of triangle
b, the money value of B’s suffering at the
efficient outcome M*.

(b) For the case where A gets the property right —
there is an M reduction of (M, — M*) and B
pays A an amount equal to the area of triangle
d, the money value of A’s loss as compared
with the no-property-rights situation.

Clearly, which way the property right is assigned
affects the wealth of A or B. To be granted a new
property right is to have one’s potential monetary
wealth increased. In case (a), B experiences less
saxophone hours and an increase in wealth by
virtue of a payment from A, so that A’s wealth goes
down with her pleasure from playing. In case (b), B
experiences less saxophone hours and a decrease in
wealth by virtue of a payment to A, who gets less
pleasure from playing. As we have drawn Figure
5.13, in neither (a) nor (b) does the increase in
wealth affect the receiving individual’s tastes. In
case (a), that is, B’s willingness to pay for less music
hours is not affected by becoming wealthier — the
slope of the MEC line does not change. In case (b),
A’s willingness to pay for more music hours is not
affected by becoming wealthier — the slope and posi-
tion of the MB line do not change. While these
assumptions may be plausible in this example, they
clearly are not generally appropriate. They were
imposed here to produce a simple and clear graph-
ical representation. If the assumption that tastes are
unaffected by wealth increases is dropped, then with
the case (a) assignment MEC would shift and with
the case (b) assignment MB would shift. In neither
case then would M* as shown in Figure 5.13 be the
bargaining outcome, and the outcomes would be
different in the two cases. Both outcomes would
be efficient, because in both cases we would have
MB = MEC, but they would involve different levels
of M.

So, the first point is that the Coase theorem pro-
perly understood says that there will be an efficient
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outcome under either assignment of property rights,
not that there will be the same efficient outcome
under either assignment. The second point, concern-
ing equity, is simply that there is no implication that
either assignment will have any desirable implica-
tions in terms of equity. This follows directly from
our earlier discussions of the relationship between
optimality and efficiency. In the case of our saxo-
phone example, we have said nothing about the ini-
tial wealth/income situations of the two individuals.
Clearly, our views on which way the property right
should be assigned will, unless we are totally unin-
terested in equity, be affected by the wealth/income
of the two individuals. Given that efficiency criteria
do not discriminate between the two possible assign-
ments of property rights, it might seem natural to
take the view that the assignment should be on the
basis of equity considerations. Unfortunately, this
does not lead to any generally applicable rules. It is
not always the case that externality sufferers are
relatively poor and generators relatively rich, or vice
versa. Even if we confine attention to a particular
class of nuisance, such as saxophone playing in flats,
it cannot be presumed that sufferers deserve, on
equity grounds, to get the property right — some may
be poor in relation to their neighbour and some rich.

Given the simple and compelling logic of the
arguments of the Coase theorem, the question arises
as to why uncorrected externalities are a problem. If
they exist by virtue of poorly defined property rights
and can be solved by the assignment of clearly
defined property rights, why have legislatures not
acted to deal with externality problems by assigning
property rights? A full answer to this question would
be well beyond the scope of this book, but the fol-
lowing points are worthy of note. First, as we have
seen, the case for property rights solutions is entirely
an efficiency case. Legislators do not give efficiency
criteria the weight that economists do — they are
interested in all sorts of other criteria. Second, even
given clearly defined property rights, bargaining is
costly. The costs increase with the number of par-

ticipants. While expositions of the Coase theorem
deal with small numbers of generators and sufferers,
typically one of each, externality problems that are
matters for serious policy concern generally involve
many generators and/or many sufferers, and are
often such that it is difficult and expensive to relate
one particular agent’s suffering to another particular
agent’s action. This makes bargaining expensive,
even if the necessary property rights exist in law.
The costs of bargaining, or more generally ‘transac-
tions costs’, may be so great as to make bargain-
ing infeasible. Third, even leaving aside the large
numbers problem, in many cases of interest the
externality has public bad characteristics which pre-
clude bargaining as a solution.” We shall discuss this
last point in the context of producer-to-consumer
externalities.

5.10.4 Production—production externality

For situations where numbers are small, this case
can be dealt with rather quickly. Consider two firms
with production functions

X =X(K* ¥, S)
Y=Y(K", L")

where S stands for pollutant emissions arising in the
production of Y, which emissions affect the output
of X for given levels of K and L input there. As an
example, Y is paper produced in a mill which dis-
charges effluent S into a river upstream from a laun-
dry which extracts water from the river to produce
clean linen, X. Then, the assumption is that dY/dS
> 0, so that for given levels of K" and L lower S
emissions means lower Y output, and that 0X/9S < 0,
so that for given levels of K* and L* higher S means
lower X."

This externality situation is amenable to exactly
the same kind of treatment as the consumer-to-
consumer case just considered. Property rights could
be assigned to the downstream sufferer or to the

° ‘Public bad’ is a term often used for a public good that confers

negative, rather than positive, utility on those who consume it.

10 Note that we are guilty here of something that we cautioned
against in Chapter 2 in our discussion of the materials balance
principle — writing a production function in which there is a material

output, S, for which no material input basis is given. We do this in
the interests of simplicity. A more appropriate production function
specification is given in Appendix 5.3, where it is shown that the
essential point for present purposes is not affected by our short-
cut in the interests of simplicity.
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upstream generator. Bargaining could then, in either
case, produce an efficient outcome. To see this sim-
ply requires the reinterpretation and relabelling of
the horizontal axis in Figure 5.13 so that it refers to
S, with S, replacing M, and S* replacing M*. For
profits in the production of X we have

¥ = P X(KX, X, S) — PyK* — P, L*

where 0n*/9S < 0. The impact of a small increase in
S on profits in the production of X is, in the termino-
logy of Figure 5.13, marginal external cost, MEC.
For profits in the production of Y we have

=P Y(", L', S) - PK' - P,L"

where dn'/9S > 0. The impact of a small increase in
S on profits in the production of Y is, in the termino-
logy of Figure 5.13, marginal benefit, MB. With
these reinterpretations, the previous analysis using
Figure 5.13 applies to the producer-to-producer case
— in the absence of a well-defined property right S
will be too large for efficiency, while an efficient
outcome can result from bargaining based on a prop-
erty right assigned to either the producer of X or the
producer of Y.

An alternative way of internalising the externality
would be to have the firms collude so as to maximise
their joint profits. That this would produce an
efficient outcome is proved in Appendix 5.3. The
matter is, however, quite intuitive. The externality
arises because the Y producer does not take account
of the effects of its actions on the output for given
inputs of the X producer. If the Y producer chooses
its levels of K¥, L and S in the light of the conse-
quences for the output of X for given K* and L, and
hence on the profits arising in the production of X,
then those consequences will not be unintended. On
the contrary, the two firms will be operated as if they
were a single firm producing two commodities. We
know that a single firm producing a single commod-
ity will behave as required for efficiency, given all
of the ideal conditions. All that is being said now is
that this result carries over to a firm producing two
commodities. For the firm that is producing both X
and Y the ideal conditions do apply, as there is no
impact on its activities the level of which is uninten-
tionally set by others.

While joint profit maximisation can internalise an
externality as required for efficiency, there appear to
be few, if any, recorded instances of firms colluding,
or merging, so as to internalise a pollution external-
ity. Collusion to maximise joint profits will only
occur if both firms believe that their share of max-
imised joint profits will be larger than the profits
earned separately. There is, in general, no reason to
suppose that cases where there is the prospect of
both firms making higher profits with collusion will
coincide with circumstances where there is a recog-
nised inter-firm pollution externality.

5.10.5 Production—consumption externality

The key feature of the case to be considered now is
that the external effect impact on two agents, and
with respect to them is non-rival and non-excludable
in consumption. As is the case generally in this
chapter, ‘two’ is a convenient way of looking at
‘many’ — the two case brings out all the essential
features of the many case while simplifying the
notation and the analysis. Putting this key feature in
the context of the production-to-consumption case
aligns with the perceived nature of the pollution
problems seen as most relevant to policy determina-
tion. These are typically seen as being situations
where emissions arising in production adversely
affect individuals in ways that are non-rival and
non-excludable.

So, in terms of our two-person, two-commodity
economy we assume that:

U = UNXA, YA, S) with 9U*9S < 0
UB = UPX®, Y®, S) with 0U®/9S < 0
X = X(K*, L¥)

Y= Y(K", L, S) with 9Y/9S > 0

Emissions arise in the production of Y and adversely
affect the utilities of A and B. The pollution experi-
enced by A and B is non-rival and non-excludable.
A concrete example, bearing in mind that ‘two’
stands for ‘many’, would be a fossil-fuel-burning
electricity plant located in an urban area. Its emis-
sions pollute the urban airshed, and, to a first
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Figure 5.14 Taxation for externality correction

approximation, all who live within the affected area
experience the same level of atmospheric pollution.

Given our earlier discussion of the supply of pub-
lic goods, we can immediately conclude here that
private bargaining based on some assignment of
property rights will not deal with the externality
problem. And, the joint profit maximisation solution
is not relevant. In this kind of situation, correcting
the market failure requires some kind of ongoing
intervention in the workings of the market by some
government agency. As we shall consider at some
length and in some detail in Part II of the book, there
is a range of means of intervention that the govern-
ment agency, call it an environmental protection
agency or EPA, could use. Here, we shall just look
at the use of taxation by the EPA, so as to bring out
the essential features of the situation where the
externality has the characteristics of a public bad. A
formal general equilibrium analysis is sketched in
Appendix 5.3. Here we shall use partial equilibrium
analysis based on Figure 5.14.

It introduces some new terminology. PMC stands
for private marginal cost. Private costs are the input
costs that the Y producer actually takes account of in
determining its profit-maximising output level, i.e.

C=P.K"+P,L' =C(Y)

so that PMC = dC/dY. We introduced the idea of
MEC (marginal external cost) in considering the
consumer-to-consumer case, as the amount that the
sufferer would be willing to pay to reduce suffering
by a small amount. In the present case there are two

sufferers and MEC is the sum of the willingness
to pay of each of them, as consumption of suffering
is non-rival and non-excludable. We define social
marginal cost as:

SMC = PMC + MEC

Figure 5.14 shows PMC increasing with Y in the
usual way. The SMC line has a steeper slope than
the PMC line, so that MEC is increasing with Y — as
Y production increases, S output increases.

To maximise profit, the Y firm will produce at Y,
where PMC is equal to the output price P,. This is
not the Y output that goes with efficiency, as in bal-
ancing costs and benefits at the margin it is ignoring
the costs borne by A and B. Efficiency requires the
balancing at the margin of benefits and costs which
include the external costs borne by A and B. The
efficient output level for Y is, that is, Y* where SMC
equals P,. In the absence of any correction of the
market failure that is the external costs imposed on
A and B, the market-determined level of Y output
will be too high for efficiency, as will the corres-
ponding level of S.

To correct this market failure the EPA can tax S
at a suitable rate. In Figure 5.14, we show a line
labelled PMCT, which stands for private marginal
cost with the tax in place. This line shows how the
Y firm’s marginal costs behave given that the EPA
is taxing S at the appropriate rate. As shown in
Figure 5.14, the appropriate tax rate is

t = SMC* — PMC* = MEC* (5.16)

that is, the tax needs to be equal to marginal external
cost at the efficient levels of Y and S. In Appen-
dix 5.3 we show that another way of stating this is:

t = P,LMRUS%, + MRUS, | (5.17)

Comparing equations 5.16 and 5.17, we are saying
that

MEC* = P,| MRUSZ, + MRUS2, | (5.18)

This makes a lot of sense. Recall that MRUS stands
for marginal rate of utility substitution. The XS sub-
scripts indicate that it is the MRUS for commodity X
and pollution S that is involved here. Recall also that
the MRUS gives the amount of the increase in, in
this case, X that would keep utility constant in the
face of a small increase in S. Equation 5.18 says that
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MEC* is the monetary value of the extra con-
sumption of commodity X by A and B that would
be required to compensate them both for a small
increase in S, from the efficient level of S. In saying
this we are choosing to use the commodity X as the
compensation vehicle. We could equally well have
chosen the commodity Y for this purpose and derived

t = P,LMRUS% + MRUS% | (5.19a)
and
MEC* = P, MRUS%; + MRUSY, | (5.19b)

Taxation at the rate MEC* is required to bring
about efficiency. Note that the tax rate required is
not MEC at Y, is not MEC in the uncorrected situ-
ation. In order to be able to impose taxation of emis-
sions at the required rate, the EPA would need to
be able to identify Y*. Given that prior to EPA
intervention what is actually happening is Y, iden-
tification of Y* and calculation of the corresponding
MEC#* would require that the EPA knew how MEC
varied with S, i.e. knew the utility functions of A and
B. It is in the nature of the case that this information
is not revealed in markets. The problems of prefer-
ence revelation in regard to public goods were dis-
cussed above. Clearly, those problems carry over to
public bads such as pollution. The implications of
this for feasible policy in respect of pollution control
by taxation are discussed in Part II of the book.

Finally here we should note that the basic nature
of the result derived here for the case where just one
production activity gives rise to the emissions of
concern carries over to the case where the emissions
arise in more than one production activity. Consider
a two-person, two-commodity economy where

U* = UMNX™, YA, S) with 9U*/9S < 0
U® = UB(X®, Y®, S) with 9U®/9S < 0
X = X(K*, [*, S*) with 05/98* > 0

Y =Y(KY, L", S*) with 0Y/9S" > 0
S=85"+8"

Both production activities involve emissions of S,
and both individuals are adversely affected by the
total amount of S emissions. In this case, efficiency
requires that emissions from both sources be taxed at
the same rate, r = MEC*.

5.11 The second-best problem

In our discussion of market failure thus far we
have assumed that just one of the ideal conditions
required for markets to achieve efficiency is not
satisfled. Comparing our list of the institutional
arrangements required for markets to achieve effici-
ency with the characteristics of actual economies
indicates that the latter typically depart from the for-
mer in several ways rather than just in one way. In
discussing harmful externalities generated by firms,
we have, for example, assumed that the firms con-
cerned sell their outputs into perfectly competitive
markets, are price-takers. In fact, very few of the
industries in a modern economy are made up of
firms that act as price-takers.

An important result in welfare economics is the
second-best theorem. This demonstrates that if there
are two or more sources of market failure, correcting
just one of them as indicated by the analysis of it
as if it were the only source of market failure will
not necessarily improve matters in efficiency terms.
It may make things worse. What is required is an
analysis that takes account of multiple sources of
market failure, and of the fact that not all of them
can be corrected, and derives, as ‘the second-best
policy’, a package of government interventions that
do the best that can be done given that not all
sources of market failure can be corrected.

To show what is involved, we consider in Fig-
ure 5.15 an extreme case of the problem mentioned
above, where the polluting firm is a monopolist. As

Dy SMC

- R N e f PMC
PYO ————————————

Dy

a3 |
i NMR,

. !
L1 :
0 Y, Yo Yv* Y,

Figure 5.15 The polluting monopolist
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above, we assume that the pollution arises in the
production of Y. The profit-maximising monopolist
faces a downward-sloping demand function, D,D,,
and produces at the level where marginal cost equals
marginal revenue, MR,. Given an uncorrected extern-
ality, the monopolist will use PMC here, and the
corresponding output level will be Y,. From the
point of view of efficiency, there are two problems
about the output level Y. It is too low on account
of the monopolist setting marginal cost equal to
marginal revenue rather than price: Y, is the output
level that goes with PMC = P,. It is too high on
account of the monopolist ignoring the external
costs generated and working with PMC rather than
SMC: Y, is the output level that goes with SMC =
MR,. What efficiency requires is SMC = P,, with
corresponding output level Y*.

Now suppose that there is an EPA empowered to
tax firms’ emissions and that it does this so that for
this monopolist producer of ¥, SMC becomes the
marginal cost on which it bases its decisions. As a
result of the EPA action, Y output will go from ¥
down to Y,, with the price of Y increasing from Py,
to Py. The imposition of the tax gives rise to gains
and losses. As intended, there is a gain in so far as
pollution damage is reduced — the monetary value
of this reduction is given by the area abcd in Fig-
ure 5.15. However, as a result of the price increase,
there is a loss of consumers’ surplus, given by the
area PyefPy,. It cannot be presumed generally that
the gain will be larger than the loss. The outcome
depends on the slopes and positions of PMC, SMC
and D,D,, and in any particular case the EPA would
have to have all that information in order to figure
out whether imposing the tax would involve a net
gain or a net loss.

When dealing with polluting firms that face
downward-sloping demand functions, in order to
secure efficiency in allocation the EPA needs two
instruments — one to internalise the externality and
another to correct under-production due to the firms’
setting MC = MR rather than MC = P. With two
such instruments, the EPA could induce the firm
to operate at Y* where SMC = P,. However, EPAs
are not given the kinds of powers that this would

require. They can tax emissions, but they cannot regu-
late monopoly. It can be shown that, given complete
information on the cost and demand functions, and
on how damages vary with the firm’s behaviour, the
EPA could figure out a second-best tax rate to be
levied on emissions.'" The second-best tax rate is
one that guarantees that the gains from its imposition
will exceed the losses. It does not move the firm to
Y* in Figure 5.15, but it does guarantee that the
equivalent to abed that it induces will be larger than
the corresponding equivalent to PyefP,,. The level
of the second-best tax rate depends on the damage
done by the pollutant, the firm’s costs, and the elasti-
city of demand for its output. With many polluting
monopolies to deal with, the EPA would be looking
at imposing different tax rates on each, even where
all produce the same emissions, on account of the
different elasticities of demand that they would face
in their output markets. It needs to be noted that
charging different firms different rates of tax on
emissions of the same stuff is unlikely to be polit-
ically feasible, even if the EPA had the information
required to calculate the different rates.

5.12 Imperfect information

Given that all of the other ideal institutional
arrangements are in place, the attainment of efficient
outcomes through unregulated market behaviour
presupposes that all transactors are perfectly informed
about the implications for themselves of any pos-
sible transaction. This is clearly a strong requirement,
not always satisfied in actual market economies. The
requirement carries over to the analysis of the cor-
rection of market failure. Consider, to illustrate the
point here, a case of consumption-to-consumption
external effect where two individuals share a flat
and where A is a smoker but B is not. Suppose that
B does not find cigarette smoke unpleasant, and is
unaware of the dangers of passive smoking. Then,
notwithstanding that the government has legislated
for property rights in domestic air unpolluted with
cigarette smoke, B will not seek to reduce A’s

1 See Chapter 6 of Baumol and Oates (1988).
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smoking. Given B’s ignorance, the fact that bargain-
ing is possible is irrelevant. The level of smoke that
B endures will be higher than it would be if B were
not ignorant. Given that B does not, when legally he
could, bargain down A’s level of smoking, we could
describe the situation as one of ‘conditional effici-
ency’. But this is not really very helpful. Rather, we
recognise B’s ignorance and consider it to be the
source of an uncorrected externality. The nature
of the corrective policy in the case of imperfect
information is clear — the provision of information.
In many cases, the information involved will have
the characteristics of a public good, and there is a
role for government in the provision of accurate
information.

In some cases the government cannot fulfil this
role because it does not have accurate and unam-
biguous information. Particularly where it is the
future consequences of current actions that are at
issue — as for example in the case of global warming
— it may be simply impossible for anybody to have
complete and accurate information. We all, as they
say, live in an uncertain world. Imperfect informa-
tion about the future consequences of current actions
becomes particularly important in circumstances
where those actions have irreversible consequences.
It does appear to be the case that many of the con-
sequences of decisions about environmental resource
use are irreversible. Global warming may be a case
in point. Again, it is arguable that, once developed,
a natural wilderness area cannot be returned to its
natural state. We take up some of the issues arising
from such considerations in Parts III and IV of the
book.

5.13 Government failure

We have shown that government intervention offers
the possibility of realising efficiency gains, by elim-
inating or mitigating situations of market failure.
First, many environmental resources are not subject
to well-defined and clearly established property
rights. As we have seen, efficiency gains may be
obtained if government can create and maintain
appropriate institutional arrangements for establish-
ing and supporting property rights as the basis for

bargaining. However, we have also seen that the
scope of this kind of government action to correct
market failure is limited to cases where non-rivalry
and non-excludability are absent. Many environ-
mental problems do involve non-rivalry and non-
excludability. In such cases, possible government
interventions to correct market failure are often
classified into two groups. So-called command-
and-control instruments take the form of rules and
regulations prohibiting, limiting or requiring certain
forms of behaviour. Fiscal instruments — tax and
subsidy systems, and marketable permits — are
designed to create appropriate patterns of incentives
on private behaviour. We have looked at taxation
briefly in this chapter, and we shall explore all of
these instruments in depth in Chapter 7. As noted
immediately above, another form that government
intervention to correct market failure could take is
providing information, or funding research activity
that can increase the stock of knowledge. The argu-
ments we have used so far in this chapter have all
pointed to the possibility of efficiency gains arising
from public-sector intervention in the economy. But
actual government intervention does not always or
necessarily realise such gains, and may entail losses.
It would be wrong to conclude from an analysis of
‘market failure’ that all government intervention in
the functioning of a market economy is either desir-
able or effective.

First, the removal of one cause of market failure
does not necessarily result in a more efficient alloca-
tion of resources if there remain other sources of
market failure. We discussed this above, using the
case of the polluting monopolist as an illustration.
A second consideration is that government inter-
vention may itself induce economic inefficiency.
Poorly designed tax and subsidy schemes, for ex-
ample, may distort the allocation of resources in
unintended ways. Any such distortions need to be
offset against the intended efficiency gains when the
worth of intervention is being assessed.

In some cases, the chosen policy instruments may
simply fail to achieve desired outcomes. This is par-
ticularly likely in the case of instruments that take
the form of quantity controls or direct regulation.
One example of this is the attempt by the Greek gov-
ernment to reduce car usage, and hence congestion
and pollution, in Athens. Regulations prohibiting
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entry into the city by cars with particular letters on
their licence plates on particular days has served to
promote the purchase of additional cars by house-
holds wishing to maintain freedom of mobility in
the city. Similarly, the use of quantity controls in
fisheries policy (such as determining minimum
mesh sizes for nets, maximum number of days of
permitted fishing, required days in port for vessels,
and so on), intended to address the free-access prob-
lem of overexploitation, have met with very little
success. Fishermen have responded to the regula-
tions by making behavioural adjustments to minim-
ise their impact. The limited success of quantitative
controls in fishing is explored at length in Chap-
ter 17.

It is not the case that actual government inter-
ventions are always motivated by efficiency, or even
equity, considerations. It has been argued that the
way government actually works in democracies can
best be understood by applying to the political pro-
cess the assumption of self-interested behaviour
that economists use in analysing market processes.
Four classes of political agent are distinguished:
voters, elected members of the legislature, workers
in the bureaucracy, and pressure groups. Voters are
assumed to vote for candidates they believe will

serve their own interests. Legislators are assumed to
maximise their chances of re-election. Bureaucrats
are assumed to seek to enlarge the size of the bur-
eaucracy, so improving their own career prospects.
Pressure groups push special interests with politi-
cians and bureaucrats. The argument is that, given
these motivations and circumstances, the outcome is
not going to be a set of enacted policies that promote
either efficiency or equity.

Politicians lack accurate information about
voters’ preferences. Voters lack reliable information
about politicians’ intentions. It is relatively easy
for pressure groups to get their message across to
politicians precisely because they focus on particu-
lar concerns arising from the strongly held views
of a relatively small number of individuals or firms.
Pressure groups access politicians directly, and via
the bureaucracy. Bureaucrats, given their self-
interest, amplify for politicians the messages from
pressure groups that appear to call for a larger bur-
eaucracy. They also control the flow of technical
information to the politicians. The outcome of all
this is, it is argued, an excessively large government
doing, largely, things which keep, at least some,
pressure groups happy, rather than things that reflect
the preferences of the majority of voters.

Summary

tions of resources.

ter under the externality rubric.

In this chapter, we have defined and explained the terms ‘efficiency’ and ‘optimality’ as they are used
in welfare economics. We have also demonstrated that a perfectly functioning ‘ideal’ market economy
would bring about an efficient outcome, but not necessarily an optimal one.

However, it is clear that economies in practice do not satisfy the conditions of the ideal competitive
economy that we described above. Markets are incomplete — there are many things that concern eco-
nomic agents that are not traded in markets. Where they exist, markets are often not perfectly compet-
itive. Many producers and consumers operate with information that is not perfect. Government must
exist and raise revenue for the supply of public goods. Often, consumption and production behaviour
generates uncompensated external effects upon others. These ‘failures’ will result in inefficient alloca-

Many of the services that the environment provides involve some kind of market failure, and hence
the levels of provision in a market system will not be those corresponding to allocative efficiency.
Much of resource and environmental economics is about devising ways to intervene in the market sys-
tem so as to promote efficiency in the use of environmental services. In the next Part of the book we
look at the problem of pollution, building on our preliminary discussion of that problem in this chap-
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Further reading

For a thorough general coverage of welfare eco-
nomics principles, see Bator (1957), Baumol (1977),
Just et al. (1982), Kreps (1990), Varian (1987) or
Layard and Walters (1978, chapter 1). Cornes and
Sandler (1996) is an excellent advanced treatment of
the welfare economics of public goods and external-
ities. Baumol and Oates (1988) develops the theory
of environmental economics, with special attention
to policy, from the welfare economics of public
goods and externalities; see also Dasgupta (1990),
Fisher (1981), Johansson (1987), Miler (1985), and
Mclnerney (1976). Verhoef (1999) is a recent survey
of externality theory in relation to environmental
economics, and Proost (1999) surveys contributions

from public-sector economics. Classic early articles
on environmental externalities include Ayres and
Kneese (1969) and D’ Arge and Kogiku (1972).

The analysis of democratic governance in terms
of self-interested behaviour by politicians, voters,
bureaucrats and pressure groups was systematic-
ally developed by Buchanan: see, for example,
Buchanan and Tullock (1980). Renner (1999)
derives some implications for sustainability policy
from the work of the ‘Virginia school’ associated
with Buchanan. Everret in Dietz et al. (1993) con-
siders the history of environmental legislation in
the USA in the period 1970 to 1990 within this
framework.

Discussion questions

1. °If the market puts a lower value on trees as
preserved resources than as sources of timber
for construction, then those trees should be
felled for timber.” Discuss.

2. Do you think that individuals typically have
enough information for it to make sense to have
their preferences determine environmental
policy?

3. How is the level of provision of national
defence services, a public good, actually
determined? Suggest a practical method for
determining the level of provision that would
satisfy an economist.

4. Economists see pollution problems as examples
of the class of adverse externality phenomena.
An adverse externality is said to occur when
the decisions of one agent harm another in an
unintended way, and when no compensation
occurs. Does this mean that if a pollution
source, such as a power station, compensates
those affected by its emissions, then there is no
pollution problem?

5. While some economists argue for the creation
of private property rights to protect the
environment, many of those concerned for the
environment find this approach abhorrent. What
are the essential issues in this dispute?

Problems

1. Suppose that a wood pulp mill is situated on
a bank of the River Tay. The private marginal
cost (MC) of producing wood pulp (in £ per ton)
is given by the function

MC=10+0.5Y

where Y is tons of wood pulp produced.
In addition to this private marginal cost, an

external cost is incurred. Each ton of wood pulp
produces pollutant flows into the river which
cause damage valued at £10. This is an external
cost, as it is borne by the wider community but
not by the polluting firm itself. The marginal
benefit (MB) to society of each ton of produced
pulp, in £, is given by

MB =30-0.5Y
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a. Draw a diagram illustrating the marginal
cost (MC), marginal benefit (MB), external
marginal cost (EMC) and social marginal
cost (SMC) functions.

b. Find the profit-maximising output of wood
pulp, assuming the seller can obtain marginal
revenue equal to the marginal benefit to
society derived from wood pulp.

c. Find the pulp output which maximises social
net benefits.

d. Explain why the socially efficient output of
wood pulp is lower than the private profit-
maximising output level.

e. How large would marginal external cost have
to be in order for it to be socially desirable
that no wood pulp is produced?

2. Demonstrate that equations 5.1 and 5.2 embody
an assumption that there are no externalities in
either consumption or production. Suppose that
B’s consumption of Y had a positive effect upon
A’s utility, and that the use of K by firm X

adversely affects the output of firm Y. Show
how the utility and production functions would
need to be amended to take account of these
effects.

3. In the chapter and in Appendix 5.3 we consider
the two-person consumption-to-consumption
externality. As invited in the Appendix, show
that an efficient outcome could be realised if
a planner required the sufferer to bribe the
generator at the appropriate rate, and work out
what that rate is.

4. In considering producer-to-consumer
externalities in Appendix 5.3, it is stated that
where there are multiple sources of emissions,
and where only individuals suffer from
pollution, each source should be taxed at the
same rate. Prove this, and derive the tax rate.

5. Repeat Problem 4 for the case where pollution
affects both lines of production as well as both
individuals’ utility.

Appendix 5.1 Conditions for efficiency and optimality

A5.1.1 Marginal rates of substitution and
transformation

For an individual consumer the marginal rate of util-
ity substitution, MRUS, between two commodities
is defined as the rate at which one commodity can
be substituted for the other, holding utility constant.
For marginal changes in consumption levels, for
U=UX,Y)

dU = U, dX + U,dY

where dU, dX and dY are differentials, and we are
using Uy for dU/dX and U, for dU/dY, the marginal
utilities. Setting dU =0,

0= UydX + U,dY

so that

-U,dY = UydX
and

—dY/dX = U,/U,

gives the MRUS as the ratio of the marginal utilities:

MRUS = U,/U, (5.20)

The MRUS is the slope of the indifference curve at
the relevant (X, Y) combination times —1. Since the
slope is negative, the MRUS itself is positive, as it
must be here given positive marginal utilities.

The marginal rate of technical substitution,
MRTS, between two inputs to production is the rate
at which one can be substituted for the other hold-
ing output constant. For marginal changes in input
levels, for X = X(K, L)

dX = X, dK + X, dL

where dX, dK and dL are differentials, and where
Xy = 0X/0K and X, = 0X/JL are the marginal pro-
ducts of capital and labour. Setting

dx=0

0=XdK+X,dL

X dK =X, dL
and

—dK/dL = X, /X,
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gives the MRTS as the ratio of the marginal products
of the labour and capital inputs:

MRTS = X, /X, (5.21)

The MRTS is the slope of the isoquant at the relev-
ant (K, L) combination times —1. Since the slope is
negative, the MRTS itself is positive, as it must be
here given positive marginal products.

The marginal rate of transformation, MRT, refers
to the rate at which one commodity can be trans-
formed into the other by means of marginal re-
allocations of one of the inputs to production. Thus
MRTy refers the effect on the output of ¥ when cap-
ital is, at the margin, shifted from use in the pro-
duction of X to the production of ¥, and MRT, refers
the effect on the output of Y when labour is, at the
margin, shifted from use in the production of X to
the production of Y. Consider shifting capital at the
margin. For X = X(K*, L*) and Y = Y(K*, L")

dX = X dK* + X, dL" and dY = Y, dK" + Y, dL"
where dK*, for example, is a marginal increase/
decrease in the use of capital in the production of X.

The definition of the marginal rate of transformation
for capital is

MRT, = —d¥/dX

when there is no reallocation of labour. Note the
use of the three-bar identity sign here to indicate a
matter of definition. Then

Y Y
MRT, = — M
X dKX + X, dL¥

which for dLY =dL¥ =0 is

Y, dK” }

MRT; = —
{XKdKX

and dKY = —dK%, so

YK(—dKX)}

MRT, = { X, dK*¥

where the dK™’s cancel, and taking account of the
two minus signs we have

MRT, = Y,/ X, (5.22a)

so that the marginal rate of transformation for cap-
ital is the ratio of the marginal products of capital
in each line of production. A similar derivation, for
dKY=dK*=0and dLY = —dL*, establishes that

MRT, = ¥,/X, (5.22b)

A5.1.2 Efficiency conditions

Allocative efficiency exists when it is impossible
to make one individual better off without making
some other individual(s) worse off. We consider an
economy with two individuals each consuming two
commodities, where each commodity is produced
by an industry comprising two firms, each of which
uses two inputs — capital and labour.'? For such an
economy, the conditions characterising allocative
efficiency can be derived by considering the follow-
ing constrained maximisation problem:

Max UAXA, Y?)

subject to
UBXB, Y®)=Z
X,(KY LX) + X(KY, LY) = X* + X®
YKL LYY + YK, LYy =Y* + VB
K'=K+Kf+K/+ K}
L'=L¥+L¥+ LI+ L}

We are looking for the conditions under which A’s
utility will be maximised, given that B’s is held at
some arbitrary level Z. The other constraints are that
the total consumption of each commodity is equal to
the amount produced, and that the sum of the capital
and labour inputs across all firms is equal to the
economy’s respective endowments, K' and L.

12 Using two individuals, two commodities and two firms in each
industry does not really involve any loss of generality. Exactly the
same qualitative conditions in terms of marginal rates of substitu-
tion and transformation would emerge if we used h individuals, n
commodities and m firms in each industry. Our analysis could be
generalised by having individual utility depend also on labour sup-

plied, so that the total amount of labour available to the economy
would be a variable rather than a constraint. This would introduce
additional conditions, but would not alter those derived here.
Another direction of generalisation would be over time so that the
availability of capital is a matter of choice rather than a constraint
— Chapter 11 looks at intertemporal efficiency and optimality.
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This problem can be dealt with using the
Lagrangian method reviewed in Appendix 3.1. Here
the Lagrangian is

L=UNX Y™ + M [UBXE, YP) - Z]
+ M [X(KY LY + X(KY 1Y) - XA — X
+ M [Y,(KY L) + V(KL LY) — YA — Y]
+ A [KT— K¥— KX — K/ — K]
+ALT - LY - LX— L - 1)

We now need a way of indicating the marginal
product of an input to the production of a commod-
ity in a particular firm. A straightforward extension
of the notation already introduced here is to use, for
example, X for 0X,/0K?, the marginal product of
capital in the production of commodity X in firm 1 in
the industry producing X.

In this notation, the first-order conditions are:

aiLA —U} - 2=0 (5.23a)
aaYLA — U}~ h=0 (5.23b)
O A= (5.230)
a% MU~ =0 (5.23d)
afj(LlX Xy = A, =0 (5.230)
a% —MXE— A= 0 (5.230)
g—LL{( =L,X - As=0 (5.23g)
;fTLg X As=0 (5.23h)
aBTL( Y- A=0 (5.230)
a% K- Ay=0 (5.23))
O A =0 (5.23K)

aL!

oL

B_L’z’ =AY = As=0 (5.23D
From equations a and b here
Us _ M (5.23m)
Uy A

and from c and d
U_)]? /A & (5.23n)
U AN A,

so that
Uz _ U2
uy Uy

which from equation 5.20 in Section AS.1.1 above is

MRUS* = MRUS? (5.24)

which is the consumption efficiency condition stated
as equation 5.3 in the text of the chapter.
Now, from equations 5.23e and 5.23f we have

X=Xz =M/, (5.230)
from equations 5.23g and 5.23h

X =X;=2A/A, (5.23p)
from equations 5.23i and 5.23j

Yi=Yi=MJNs (5.23q)
and from equations 5.23k and 5.231

Y =Y;=MAJA, (5.23r)
From equations 5.230 and 5.23p

XXMy

Xy X: M, A
and from equations 5.23q and 5.23r

Yo _YE _ Ay As

Yo Y2 AN A
so that

X _ X Y _¥ (5.235)

Xe Xp Y X

Recall from equation 5.21 in Section A5.1.1 above
that for X = X(K, L), MRTS = X, /X,. Hence, equa-
tion 5.23s here can be written as
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MRTS), = MRTS2 = MRTS}, = MRTS2  (5.25)

where MRTS}, for example, is the marginal rate of
technical substitution for capital and labour in the
production of commodity X by firm 1 in the X indus-
try. What equation 5.25 says is (a) that all firms in an
industry must have the same MRTS and (b) that the
MRTS must be the same in all industries. The inter-
pretation in the sense given by (b) means that equa-
tion 5.25 is equivalent to the production efficiency
condition, equation 5.4, the intuition for which is
found in the text of this chapter. It is (a) here that
makes it legitimate to consider, as we did in the text,
each industry as comprising a single firm.

Given that firms in the same industry operate with
the same marginal products, we can write equations
5.230 to 5.23r as

Xy =M/, (5.23¢)

X, = A/, (5.23u)

Y = A/ (5.23v)
and

Y, = A5/, (5.23w)

Then, from equations 5.23v and 5.23t
Yo  AJAy A

2
Xe Ak, A

and from equations 5.23w and 5.23u

E As/As &

X, l A, A,
so that

Y _ Y _M

XK XL 7\‘3

which from equations 5.22a and 5.22b in Section
AS5.1.1 above can be written as

MRT, = MRT, = A,/A, (5.23x)

At equations 5.23m and 5.23n we obtained

up Ut

2T
which, by equation 5.20 from Section A5.1.1, is

MRUS* = MRUS® = A,/A, (5.23y)

From equations 5.23x and 5.23y we get

MRUS* = MRUSP = MRT, = MRTy (5.26)

which is the product-mix efficiency condition stated
as equation 5.5 in the chapter.

A5.1.3 Optimality conditions

We now introduce a social welfare function, so as to
derive the conditions that characterise an optimal
allocation. Using the same assumptions about utility
and production as in Section A5.1.2, the problem to
be considered here is:

Max W{UAX?, Y*), UB(X®, Y®)}
subject to
X(K% LY + XK, L) =X+ X®
YK, LY + Y(KY, LYy =Y*+ YB
K'=Kf+ K+ K/ + K]
LT=L%+LY+ L'+ L}
Here the Lagrangian is

L=W{UMXA, Y*), UBXE, Y®)}
+7» [X, (KX LY) + X,(KX L) — X* — X¥]

MY (KT LY) + Yy (K3, L) - Y* - Y?)
MK - KX— KX—K'— K]
A[LT— L¥— LY — L'~ L}]

where we have started numbering the multipliers
at 2 so as to bring out more transparently the cor-
respondences between the necessary conditions for
efficiency and optimality — the fact that we use the
same symbols and numbers in both cases does not,
of course, mean that the multipliers take the same
values in both cases.

The first-order conditions for this welfare max-
imisation problem are:

T WUS =L, =0 (5.27a)
aaYLA = WU~ Ay=0 (5.27b)
a‘;LB =W,UB-2,=0 (5.27¢)
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a% — WyUP —hy= 0 (5.27d)
a?réx Xk~ =0 (5.27¢)
aiéx X - A, =0 (5.271)
aaTle =Xl Ag=0 (5.27g)
;TL; X7 = A= 0 (5:27h)
aiéy ¥ = A, =0 (5.27i)
aiéy S MR- h=0 (5.27)
a% =AY~ Ae=0 (5.27K)
5—; Y- A= 0 (5.270)

where W, = 0W/0U* and W = dW/QU®.

Note that equations e through to 1 in the set 5.27
are the same as e through to 1 in the set 5.23. It fol-
lows that optimality requires the efficiency in pro-
duction condition, equation 5.25, rewritten here as

MRTS, = MRTS2 = MRTS, = MRTS2  (5.28)

From a and b in set 5.27

Ue _ M
Up A
as W, cancels. Similarly, from c and d in set 5.27,
UR _ M
Uy A
so that optimality requires
U ¥
uy Uy

or

MRUS* = MRUS® = A, /A, (5.29)

which is the same as the consumption efficiency

condition, 5.24, in the previous section.

From equations 5.27e through to 5.271 we can, as
in the previous section, derive

MRT, = MRTy = A,/A, (5.30)
and from 5.29 and 5.30 we have
MRUS? = MRUS® = MRT, = MRT, (5.31)

which is the same product mix condition as is
required for efficiency.

Optimality requires the fulfilment of all of the
efficiency conditions. In deriving the efficiency con-
ditions, the utility of B is set at some arbitrary level.
The maximisation problem considered there, as well
as producing the conditions that any efficient alloca-
tion must satisfy, identifies the maximum level for
A’s utility conditional on the selected level of B’s
utility. In the welfare maximisation problem the
function W{U*, U®} selects the utility levels for A
and B. As discussed in the text, only combinations
of U* and UP® that lie along the utility possibility
frontier are relevant for welfare maximisation. All
such combinations satisfy the efficiency conditions,
and hence welfare maximisation entails satisfying
the efficiency conditions as shown above. It also
entails the condition stated as equation 5.7 in the
chapter, which condition fixes the utility levels for A
and B using the social welfare function.

From equations 5.27a through to 5.27d we have

W, = 2—; (5.32a)
W, = 3—; (5.32b)

= Z;—)f? (5.32¢)
W, = Z]”—; (5.32d)

From a and c here we get

Wy _ U

W, Uy

and from b and d we get
Wy _ U7
W, UP
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so that
% = U_)l? = U_’l’g (5.33)
W, U Up '

which is equation 5.7 in the chapter.
The SWF is W= W(U*, U®) so that

dW = W,dU* + W,dU®

Setting the left-hand side here equal to zero so as to
consider small movements along a social welfare
indifference curve, and rearranging, gives

au®  w,

AU W,
for the slope of a social welfare indifference curve.
The slope of the utility possibility frontier is
—dU®/dU* which is equal to U%/U% and to U%/U%.

Appendix 5.2 Market outcomes

In this appendix we establish that, given the ‘ideal’
institutional conditions set out in the text of the
chapter, a system of markets will bring about the sat-
isfaction of the necessary conditions for efficiency in
allocation — the consumption efficiency condition,
the production efficiency condition and the product-
mix condition.

A5.2.1 Individuals: utility maximisation

Consider an individual consumer, with a fixed money
income M and gaining utility from the consumption
of two goods, X and Y. The prices of these goods are
determined in competitive markets, at the levels Py
and P,, and are taken as given by all individuals.
With this individual’s utility function given by

U=UX,Y)

we can express the problem of maximising utility
subject to a budget constraint as

Max U(X, Y)

subject to
PX+PY=M

The Lagrangian for this problem is
L=UX,Y)+ AP X+ PY—-M]

and, using the same notation for the derivatives (the
marginal utilities) as previously, the first-order con-
ditions for a maximum are:

oL

= Ux+ AR=0 (5.34a)

g—; =U,+AP,=0 (5.34b)
From these equations we get

Uy =—-\Py

Uy=-\Py
so that

Z—;{ = % (5.35)

Equation 5.35 holds for all consumers, all of whom
face the same Py and Py, and the left-hand side is the
marginal rate of utility substitution. So, for any two
consumers A and B, we have:

P
MRUS* = MRUSB = FX

Y

(5.36)

The consumption efficiency condition is satisfied,
see equation 5.3 in the chapter and equation 5.24 in
the previous appendix, and the marginal rate of util-
ity substitution common to all individuals is equal to
the price ratio, as stated in the chapter at equation
5.8.

A5.2.2 Firms: profit maximisation

Consider the production of X by firmsi =1, 2, ...,
m. All firms face the same selling price, Py, and all
pay the same fixed prices for capital and labour
inputs, P and P,. The objective of every firm is to
maximise profit, so to ascertain the conditions char-
acterising the behaviour of the ith firm we consider
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Max P, X(K%, LY - P . KX—P, LY

where the necessary conditions are

P Xi—Pr=0 (5.37a)
PXi—P, =0 (5.37b)
or
P
X=X (5.38a)
Py
P
Xi=-L (5.38b)
PX
from which
X—I.( = i (5.39)
X, B

Equation 5.39 holds for all #, and the left-hand side
is the expression for the marginal rate of technical
substitution. Hence, all firms producing X operate
with the same MRTS. Further, it is obvious that con-
sidering profit maximisation by the jth firm in the
industry producing the commodity Y will lead to

j
Y _ B (5.40)
Y, B
which with equation 5.39 implies
MRTS}, = MRTS, (541)

fori=1,2,...,mandj=1,2,..., n The produc-
tion efficiency condition, equation 5.4 in the chapter,
is satisfied.

Recall that
Yy
MRTy = — (5.42a)
Xy
and

Y,
MRT, = X—L

L

(5.42b)

From equations 5.38a and 5.38b, and the corres-
ponding conditions from profit maximisation in the
production of Y, omitting the superscripts for firms
we have

and substituting and cancelling in equations 5.42a
and 5.42b,

P
MRT, = FX = MRT,

Y
and bringing this together with equation 5.36 gives

MRUS* = MRUS® = MRT, = MRT, (5.43)

which shows that the product-mix condition, equa-
tion 5.5 in the chapter and 5.26 in the previous
appendix, is satisfied.

In the chapter it was stated that the necessary con-
dition for profit maximisation was the equality of
marginal cost with the output price. To establish this
let C(X') be the firm’s cost function and write the
profits for the ith firm in the industry producing X as

my=PyX' = C(X)

from which the necessary condition for maximisa-
tion is

oni/0X =Py —dC/0X =0
which is
P, = 9C/OX'

i.e. price equals marginal cost.

Appendix 5.3 Market failure

A5.3.1 Public goods

In the two-person, two-commodity, two-resource
economy considered in the preceding appendix, now
let X be a public good and Y a private good. Given
the results established there regarding the conditions

for efficiency in relation to firms in the same indus-
try, we can simplify here without loss by assuming
that each commodity is produced in an industry
which has just one firm. Given that we are taking the
defining characteristic of a public good to be that it
is consumed in the same quantity by all, we can state
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the problem from which the necessary conditions for
efficiency are to be derived as:

Max UAX, Y?)

subject to
UBX, Y®)=Z
X(KX, L) =X

Y(KY, L) =Y+ Y®
K'=K*+K*
L'=1*+L"

The Lagrangian for this problem is

=UMNX, YH + M [UBRX, Y®) - Z]
+ 7» [X(K*, L) - X]
[Y(KY ) -1
MK = Y]
AL — LX LY]
from which the necessary conditions for maximisa-
tion are:

oL

% U+ MUB-2,=0 (5.44a)
aa;A S U}~ 2=0 (5.44b)
aaYLB S AMUE- A= 0 (5.44c)
;{LX X~ A, =0 (5.44d)
;LLX S AX, — A= (5.44¢)
%_u Ch=0 (5.441)
S 2=0 (5.449)

Consider first equations 5.44d to 5.44g, which relate
to production. They imply

X _As_ Y
Xy A Y
which is

MRTS, = MRTS,

so that production efficiency is required. They also
imply

Yo A Y
XK 7\’3 XL
which is
A
MRT; = MRT, = — (5.45)

3

so that as regards production activities, the condi-
tions in the presence of a public good are the same
as in the standard case, see Appendix 5.1, where
there are no public goods.

Now consider equations 5.44a to 5.44c, which
relate to consumption. From equations a and b there

Uy _ A MUR

— = 5.46a

TR G4
and using equation 5.44c we can write

Ui Uy k U

S 5.46b

U k N, 7»3 ( )
and adding 5.46a and 5.46b gives:

UP L UE M WUE L MUE A g

Uy UB A A A A
Using the definition for MRUS, equation 5.47 is

A
MRUS* + MRUSB = }L—Z
3

so that from equation 5.45 we have the condition
MRUS* + MRUS®? = MRT (5.48)

stated as equation 5.15 in the chapter.

A5.3.2 Externalities: consumer to consumer

As in the text, we ignore production in looking at
this case. Given that we have not previously looked
at a pure exchange economy, it will be convenient
first to look at such an economy where there is no
external effect.

To identify the necessary conditions for effici-
ency, we look at

Max UAXA, Y™
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subject to
UBXB, Y®=Z
XT=Xx"+X"®
YT=v*+ "

where X7 and YT are the total amounts of the two
commodities to be allocated as between A and B.
The Lagrangian for this problem is

L=UX, Y™+ MUBX, Y®) - Z]
+L[XT - XA — X
+ MY - YA — Y]

and the necessary conditions are

L
aaYLA =0 h=

aaXLB = MU=, =0
%:xw—x}:o

from which we get

Ug _UR _ M

upoup
which is the same consumption efficiency condition
as for the economy with production, i.e. MRUS* =
MRUSE. We already know, from Appendix 5.2, that
consumers facing given and fixed prices Py and P,
and maximising utility subject to a budget constraint
will satisfy this condition.

Now, suppose that B’s consumption of Y is an
argument in A’s utility function. We are assuming
that Y® is a source of disutility to A. Then the max-
imisation problem to be considered is

Max UAX?, YA, YB)
subject to

UBXE, Y®)=Z

X'=x*+Xx®

Y =1+ YP

for which the Lagrangian is

L=UMX" YA, YR) + A [UBXE, YB) - Z]
+ A, [XT - X2 - XB]
+ MY - YA - Y

with necessary conditions

aE;(LA UL~ Ny =0 (5.492)
aa; UM, =0 (5.49b)
;{LB —MUE— %, =0 (5.49¢)
aa; — UAAMUB = A, =0 (5.49d)

where Upy = 0U*/0Y®. Note that Y® is a source of
disutility to A so that U2 < 0. From 5.49a and 5.49b
we get

A
U—X = ﬁ (5.50a)
Up A
from 5.49¢
UB= & (5.50b)
M
and from 5.49d
A
5= & - U—YB (5.50¢)
MM
so that, using 5.50b and 5.50c,
B
ﬂ = L (5.50d)
Uy A= Ugy

Looking at 5.50a and 5.50d we see that with the
externality, efficiency does not require the condition
MRUS* = MRUS®. But we have just seen that, fac-
ing just the prices Py and P,, market trading between
A and B will give MRUS” = MRUSE. So, given the
existence of this externality, market exchange will
not satisfy the conditions, 5.50a and 5.50d, for
efficiency.

Suppose now that there exists a central planner
who knows the two agents’ utility functions and the
quantities of X and Y available. The planner’s object-
ive is an efficient allocation, to be realised by the
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two agents individually maximising utility on terms
set by the planner, rather by the planner telling the
agents at what levels to consume. The planner
declares prices Py and P,, and also requires B to
compensate A for her Y® suffering at the rate ¢ per
unit of Y®. In that case, A’s utility maximisation
problem is

Max UAXA, YA, YB)
subject to
PX* + P,YA=M" + cY®
where M* is A’s income before the receipt of any

compensation from B. The Lagrangian for this prob-
lem is:

L= UA(XA, YA, YB)
+ MIPXN + P YA — MM — cYP)
Note that Y2 is not a choice variable for A. The level

of Y® is chosen by B. The necessary conditions for
A’s maximisation problem are

oL
o U+ A P;=0
oL
oyr = Ur+ AP =0
from which
A
P,
Ure _ & (5.51a)
uy B

B’s utility maximisation problem is
Max UB(X®, Y®)
subject to
PX®+ P YR =MP - cY®
the Lagrangian for which is
L=UBX®, Y®) + A[P X + P,Y® — MP + cYP]

with necessary conditions

L
aaXB =UR+ AgP,=0
oL
Sy = U+ AP+ Aygc=0
from which

B
P
ﬂ = X (5.51b)
U} PB+c

So, we have 5.50a and 5.50d as the efficiency
conditions and 5.51a and 5.51b as the individual
utility-maximising conditions. Comparing 5.50a and
5.50d with 5.51a and 5.51b, it will be seen that they
are the same for:

Ay=P,A;=Pyand c =-U}y

If, that is, the planner solves the appropriate max-
imisation problem and sets Py and P, at the shadow
prices of the commodities, and requires B to com-
pensate A at a rate which is equal to, but of opposite
sign to, A’s marginal disutility in respect of the
external effect, then A and B individually maximis-
ing utility given those prices and that compensation
rate will bring about an efficient allocation. The
planner is putting a price on the external effect, and
the required price is A’s marginal disutility.

However, as shown in the discussion of the Coase
theorem in the body of the chapter, it is not actually
necessary to have this kind of intervention by the
planner. If A had the legal right to extract full com-
pensation from B, had a property right in an unpol-
luted environment, then the right price for efficiency
would emerge as the result of bargaining between A
and B.

In considering the consumption-to-consumption
case in the chapter we argued that the liability/prop-
erty right could be assigned the other way round and
still bring about an efficient outcome. The corres-
ponding procedure with a planner setting the terms
on which the two agents maximised utility would
be to have the planner work out what Y® would be
with the externality uncorrected, say YB* and then
require A to compensate B for reducing Y® below
that level. In that case, A’s maximisation problem
would be

Max UAXA, YA, Y®)
subject to

P X"+ P,Y, = M* — b(Y®* - Y®)
and B’s would be

Max UB(X®, Y®)

subject to
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PyXB+ PyY® =MB + b(YP* - YP)
X

where we use b for ‘bribe’. It is left as an exercise to
confirm that this arrangement would, given suitable
Py, Py and b, produce an efficient outcome.

The situation considered in the chapter actually
differed from that considered here in a couple of
respects. First, in that example the external effect
involved A doing something — playing a musical
instrument — which did not have a price attached
to it, and which B did not do. In the uncorrected
externality situation there, A pursued the ‘polluting’
activity up to the level where its marginal utility was
zero. In the chapter, we considered things in terms of
monetary costs and benefits in a partial equilibrium
context, rather than utility maximisation in a general
equilibrium context. Thinking about that noise
pollution example in the following way may help to
make the connections, and make a further point.

Let Y* be the number of hours that A plays her
instrument. Consider each individual’s utility to
depend on income and Y*, so that U* = UNM*, Y*)
and U® = UBWM®, Y*), where 0U*/9Y* > 0 and
dUB/9Y* < 0. Consider welfare maximisation for
given M* and M®. The problem is

Max W{UAM?*, Y*), UB(M®, Y*)}

where the only choice variable is Y*, so that the
necessary condition is:

WAU)/}A = _WBU?’A

For equal welfare weights, this is
U )/’\A = _U)%B

or

Marginal benefit of music to A = Marginal cost
of music to B

which is the condition as stated in the chapter. The
further point that the derivation of this condition
here makes is that the standard simple story about
the Coase theorem implicitly assigns equal welfare
weights to the two individuals.

A5.3.3 Externalities: producer to producer

To begin here, we suppose that the production func-
tion for Y is

Y=Y(K", L", S) with Y, =0Y/dS >0
and for X is
X = X(K*, [¥, ) with X; = 0X/9S < 0

where S is pollutant emissions arising in the pro-
duction of Y and adversely affecting the production
of X. The Lagrangian from which the conditions for
efficiency are to be derived is:

L=UMNXY YY) + M [UBXE, YR - Z]
+ M [X(KY, LY, S) — X* — X5
+ MIY(KY, LY, S) — YA — YP]
+ MK - K - K"
+A[LT—L¥— LY

The reader can readily check that in this case, taking
derivates of L with respect to X*, Y*, X®, Y&, K*, L%,
K" and L' gives, allowing for the fact that there
is just one firm in each industry, the consumption,
production and product-mix conditions derived in
Section AS5.1.2 and stated in the chapter. Taking the
derivative of L with respect to S gives the additional
condition

oL
£= }\'ZXS+ >\‘3YS=0
or
h_ % (5.52)
7\‘3 XS

Now, suppose that a central planner declares prices
Py =A,, Py= A5, Py =LAy, P, =As, and requires that
the firm producing Y pay compensation to the firm
affected by its emissions at the rate ¢ per unit S.
Then, the Y firm’s problem is

Max P,Y(K", L', S) — PyK" - P,L¥ — ¢S

with the usual necessary conditions

PYy—Py=0
Py, -P, =0
plus
P)Ys—c=0 (5.53)

Compare equation 5.52 with 5.53. If we set ¢ =
—Py X then the latter becomes

PyYy=—PyX;
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or

B = X (5.54)

KX
which, for Py =\, and P, = A, is the same as equa-
tion 5.52. With this compensation requirement in
place, the profit-maximising behaviour of the Y firm
will be as required for efficiency. Note that the rate
of compensation makes sense. Py X is the reduction
in X’s profit for a given level of output when Y
increases S. Note also that while we have called this
charge on emissions of S by the Y firm ‘compensa-
tion’, we have not shown that efficiency requires
that the X firm actually receives such compensation.
The charge c, that is, might equally well be collected
by the planner, in which case we would call it a tax
on emissions."

In the chapter we noted that one way of internal-
ising a producer-to-producer externality could be for
the firms to merge, or to enter into an agreement to
maximise joint profits. A proof of this claim is as
follows. The problem then is

Max Py X(K*, L*, S) + P,(K", L", S)
—P (K +K") - P(L*+L"

for which the necessary conditions are

PXy— Py=0
PX,~P,=0
PYy—Pe=0
PY,—-P,=0

which, given Py = A,, Py = A, etc., satisfy the stand-
ard (no externality) efficiency conditions, plus

PyXs+ PyY;=0

This last condition for joint profit maximisation can
be written as

K__ X%

Fy X

which is just equation 5.54, previously shown to be
necessary, in addition to the standard conditions, for
efficiency in the presence of this kind of externality.

In Chapter 2 we noted that the fact that matter can
neither be created nor destroyed is sometimes over-
looked in the specification of economic models. We
have just been guilty in that way ourselves — writing

Y=Y(K", LS

with § as some kind of pollutant emission, has
matter, S, appearing from nowhere, when, in fact, it
must have a material origin in some input to the
production process. A more satisfactory production
function for the polluting firm would be

Y=Y(K', L', R, S{R"})

where R" is the input of some material, say tonnes of
coal, and S{R'} maps coal burned into emissions,
of say smoke, and 0Y/0R" = Y, >0, 0Y/dS =Y, > 0
and 90S/0RY = S, > 0. We shall now show that
while this more plausible model specification com-
plicates the story a little, it does not alter the essen-
tial message.

To maintain consistency with the producer-to-
producer case as analysed above, and in the chapter,
we will assume that in the production of X the use of
R does not give rise to emissions of smoke. Then,
the Lagrangian for deriving the efficiency conditions
is:

L=UMNX" YY) + A [UBXE, Y®) - Z]
+ M [X(KX, LX, RY, S{R'}) — X* — X¥]
+ MIY(KY, L', RY, S{R'}) - Y* - Y*]
+ 0K - K - K"
+A[LT—L¥— LY
+A[RT— R¥ - R"]

In the production function for X, 0X/0R* = X, > 0
and 0X/9S = X, < 0. The reader can confirm that tak-
ing derivatives here with respect to all the choice
variables except R* and R gives all of the standard
conditions. Then, with respect to R* and R*, we get

3 However, if c takes the form of a tax rather than compensation
paid to the X firm, the question arises as to what happens to the
tax revenue. It cannot remain with the planner, otherwise the gov-
ernment, as the planner does not count as an agent. If the plan-
ner/government has unspent revenues, it would be possible to
make some agent better off without making any other agent(s)

worse off. Given the simple model specification here, where,
for example, there is no tax/welfare system and no public goods
supply, we cannot explore this question further. It is considered,
for example, in Chapter 4 of Baumol and Oates (1988), and the
‘double dividend’ literature reviewed in Chapter 10 below is also
relevant.
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oL
BITX =MXg—As=0 (5.55a)
oL
W = XZXSSRY + }"3Y}e + 7\’3YSSRY - 7% =0
(5.55b)
As before, suppose a planner sets Py=A,, ..., P, =

As plus Pr = Aq and a tax on the use of R in the pro-
duction of Y at the rate ¢. Then the profit maximisa-
tion problem for the firm producing Y is

Max P,Y(K", L', R", S{R"}) - P,K" — P,L"
— P.RY —tR"

and for the firm producing X it is

Max P X(K*, L, RY, S{R"}) — PcK* — P, L*
— P.R¥

If the reader derives the necessary conditions here,
which include

PyYgp+ PyYsSpy— Pr—1=0 (5.56)
you can verify that for Py = A,, ..., P, = A5 and
Pg = A with

1= —PyxXSgy (5.57)

independent profit maximisation by both firms
satisfies the standard efficiency conditions plus the
externality correction conditions stated above as
equations 5.55a and 5.55b. The rationale for this rate
of tax should also be apparent: S, is the increase in
smoke for an increase in Y’s use of R, X gives the
effect of more smoke on the output of X for given K*
and L*, and Py is the price of X.
Now consider joint profit maximisation. From

Max P, X(K*, L*, R, S{R"}) + P,(K", L', RY,
S{R'}) —Px(K* + K") — P,(L* + L") — Py (R* + R")

the necessary conditions are

P Xy—Pc=0
PX,—P,=0
PYy—Pc=0
PY,-P, =0
PXp—Pp=0

PyY, + PyYSpy + PyXSpy— Pr=0

Substituting from equation 5.57 into 5.56 for ¢ gives
the last of these equations, showing that the outcome
under joint profit maximisation is the same as with
the tax on the use of R in the production of Y.

A5.3.4 Externalities: producer to consumers

The main point to be made for this case concerns the
implications of non-rivalry and non-excludability.
These are not peculiar to the producer-to-consumers
case, but are conveniently demonstrated using it.
To simplify the notation, we revert to having emis-
sions in production occur without any explicit repre-
sentation of their material origin. As noted in the
analysis of the producer-to-producer case, this sim-
plifies without, for present purposes, missing any-
thing essential. We assume that the production of
Y involves pollutant emissions which affect both A
and B equally, though, of course, A and B might
have different preferences over pollution and com-
modities. Pollution is, that is, in the nature of a
public bad — A/B’s consumption is non-rival with
respect to B/A’s consumption, and neither can
escape, be excluded from, consumption.

The Lagrangian for the derivation of the effici-
ency conditions is

L=UNX Y™, S) + M[UBXE, Y5, S) - Z]
+ 0 [X(KY, LY — X* — X5
+M[Y(KY, LY, S) — YA — P
+ MK - KX = K"
+A[LT—L¥-L"]

where dU*/9S = U% < 0, dU®/9S = US < 0 and
dY/9S = Y > 0. The necessary conditions are:

aaXLA =U=N=0 (5.58a)
aa; =Us—Ny=0 (5.58b)
aE;LB =MUB=Q,=0 (5.58¢)
aa; =MUB-A;=0 (5.58d)
oL

S U MUB+ MY, =0 (5.58¢)

oS
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a% X = A= 0 (5.580)
;LL Xy~ Ag=0 (5.58¢)
% Ay — Ay = 0 (5.58h)
% =AY, — Ay =0 (5.581)

The reader can check that these can be expressed as
the standard consumption, production and product-
mix conditions plus

UA+ MU= -\Y, (5.59)

from equation 5.58e.

Now suppose that a central planner declares
prices Py = A,, Py, = Ay, Py = A, and Py, = As. Pro-
ceeding as done previously in this appendix, the
reader can check that utility and profit maximisation
at these prices will satisfy all of the standard condi-
tions, but not equation 5.59. Suppose then that the
planner also requires the producer of Y to pay a tax
at the rate # on emissions of S. Considering

Max P,Y(K", L', S) - PiK* — P,L" — 1S

gives the standard conditions

P)Yy—Py=0

PL,—P =0
plus

PYs—1=0

which can be written as

=AY, (5.60)

Comparing equations 5.59 and 5.60, we have the
result that, in this case, achieving efficiency as the
result of individual utility and profit maximisation
requires, in addition to the usual ‘ideal’ institutional
arrangements, that the producer of Y faces an emis-
sions tax at the rate:

t=—[U%+\U" (5.61)

Note that since U%§ and UZ are both negative, the tax
rate required is positive.

In the chapter, we stated that the correction of this
kind of externality required that the tax rate be set
equal to the marginal external cost at the efficient
allocation. We will now show that this is exactly
what the result 5.61 requires. From equation 5.58c

_ M

LY
Ux

and from equation 5.58a

1= ﬁ
Uy
so that equation 5.61 can be written
A A
t=—| 2Up+ —2UB
Uy Uy

which, using Py = A,, is

A B
Uy Uy

or

t = P/ MRUS% + MRUS, | (5.62)

as stated at equation 5.17 in the chapter."* The tax
rate is the monetary value of the increases in X con-
sumption that would be required to hold each indi-
vidual’s utility constant in the face of a marginal
increase in S. We could, of course, have derived the
marginal external cost in terms of Y, rather than X,
compensation.

In this case, the joint profit maximisation solution
is clearly not, even in principle, available for the cor-
rection of the market failure problem. Nor, given the
public good characteristic of the suffering of A and
B, is the property rights/legal liability solution. The
way to correct this kind of market failure is to tax the
emissions at a rate which is equal to the marginal

4 To recapitulate, the marginal rate of substitution here is derived
as follows. For U(X, Y, S)

dU = UdX + U,dY + UgdS
so for dU and dY =0

0 = UydX + UgdS

and
U dX
U, ds
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external cost arising at the efficient allocation. It can
be shown that where there is more than one source of
the emissions, all sources are to be taxed at the same
rate. The checking of this statement by considering

L=UNX" YA 8) + A\,
+ A,
+ A
+ Ay
+ As
+ A

— r—,—,—_— .

UB(XE, YB, S) — Z]

X(K*, LY, ) — X* — X*]

Y(K', L', S") - Y* - Y®]
K'— K¥-K"]

LT _ LX_ LY]
S—S¥-8"

is left to the reader as an exercise. The result also
applies where total emissions adversely affect pro-
duction as well as having utility impacts — consider

L=UNX" YA, S)+ A, [UPXE, Y, §) — Z]
+ M [X(KY, LY, §%, S) — X* — XP]
+ M [V(KY, LY, §", S) — YA — YP]
+ MK - K — K1
+ A[LT - ¥ = LY
+ A[S — §¥ = 8]

where 0X/9S < 0 and 9Y/9S < 0.
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CHAPTER 6

Pollution control: targets

The use of coal was prohibited in London in 1273, and at least one person was put to death
for this offense around 1300. Why did it take economists so long to recognize and analyze the

problem?

Learning objectives

At the end of this chapter, the reader should be

able to

m understand the concept of a pollution
target

m appreciate that many different criteria
can be used to determine pollution
targets

m understand that alternative policy
objectives usually imply different pollution
targets

m understand how in principle targets may be
constructed using an economic efficiency
criterion

= understand the difference between flow and
stock pollutants

= analyse efficient levels of flow pollutants and
stock pollutants

m appreciate the importance of the degree of
mixing of a pollutant stock

m recognise and understand the role of spatial
differentiation for emissions targets

Fisher (1981), p. 164

Introduction

In thinking about pollution policy, the economist is
interested in two major questions. How much pollu-
tion should there be? And, given that some target
level has been 