UNITED NATIONS EDUCATIONAL. SCIENTIFIC AND CULTURAL OQRGANIZATION

INTERNATIONAL ATOMIC ENERGY AGENCY @,
INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

LCT.P, P.O. BOX 586, 34100 TRIESTE, ITALY, CABLE: CENTRATOM TRIESTE

SMR.940 - 44

THIRD AUTUMN WORKSHOP
ON MATHEMATICAL ECOLOGY

(14 October - 1 November 1996)

“The Economics of the Environment”

Partha Dasgupta
Faculty of Economics and Politics
University of Cambridge
Cambridge CB3 9DD
United Kingdom

These are preliminary lecture notes, Intended only for distribution to participants.

ST e S Costnis 1 e e el L e e [T
i T

Trvrsan oot I Y R SNTRTE DR
M e TR h LA Aelaoyv ot



The Develo
Research Pr

LONDON SCHOOL OF ECONOMICS.

Timothy Besley

_DIRBCTED

Athar Hassain

The Economics of the Environment®

by

Partha Dasgupta

Universite o Cambridge
and
Buetjer Tatermational Tnsatte or Leelogical Economies Stockholm

DEP No ™ Lrevelopment Fumonues Research Programme
Tuly 14y Suntery and Tovota International Centres
tor Economies and Reiated Discipimes
London School of Feomone
Houghton Street
London WC24 2ALE

“This article (February 1996, Revised. Mav 1996 15 based on my Kevnes Lecture,
delivered at the British Academy on 26 October P9 ame grateru] o Kenneth
Arrow, Fdward Barbier, Scott Barrett, [ohn Divon. Payl Lhrheh. Card Folke, Frank
Habr, Geoffrey Heal, 8, Hothing, Bengt-Owe [anssan, Bengt Kristrom, Simon Levin,
Mohan ,\hma\inghe, “harles Perrmgs, Jonathan Rewnhiarden, Tsmail Seragcldin,
Robert Sulowe, David Starrett, Andrew Steer and, n particular, Karl-Giran Maler,
discussions with whom over the Past many vears have mproved my understanding
o the subiect marser of the lecture It s forthcoming in the Procerdiggs o the Rrsh
Jlnxz:i’mny 1295 Lectrres ung Memorrs tLondon: British Academvy, and n Enveronment
SR Ierelopnien Frumomics, 996 Vol N g ;C.m‘.l\nJ;;c Unin erstty Press



10.

11.

12.

13.

The Economics of the Environment

CONTENTS

The Reseurce Basis of Human Activity

The Neglect of Ecological Economics

Poverty and Institutional Failure as Causes of Environmental Degradation
Markets and their Failure- Unidirectional Interactions

Markets and their Failure: Reciprocal Interactions and the Problem of the
Commons

Local Commons and Communitarian Solutions

Why Do Communitarian Solutions Break Down?
Economic Growth and the Environment

Trade and the Environment

Valuing Environmental Resources

Net National Product as an Index of Social Well-Being
International Governance and the Global Commons
(i} Global Warming and Ozone Depletion

{ii) International Fisheries

Collective Agreements and the Structure of Authority

REFERENCES

The Economics of the Environment

ABSTRACT

This article offers an account of the econamics of the envionmment. [sketeh the
subject’s motivation and scope, and try to identify whalwe knewy and what we don’t
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1. The Resource Basis of Human Activity

Al our activities are dependent ultimately on resources round n Nature.
Whetheritis consumption or production, or whether it s exchange, the commoedities
and services that are invelved can be traced to constituents zrovided by Nature

hus. the ingredients of a tvpical manufactured produdt are other manufactured
rroducts, labour time and skills, and resources found n Nature. Each of the
constituent manutactured products is in turn a complex of vet other manufactured
products, labour ttme and skills, and rescurces found in Nature. And so on. This
means that the manutactured product with which we began s ultimately a
combination of labour time and skills, and resources found 1n Nature.

But labour, too, 15 2 produced good. Even raw labour 1s an cutput,
manufactured by those resources that sustain hfe; resources such as the multitude of
nutrients we consume. the air we breathe, and the water we drink. It follows that alf
commodities are traceable to natural resources.’

In many mstances, natura: resources are of direct value to us as needs or as
consumption gocds (e.g. breathable air. drinkabie water, and fisheries); in others, they
are uf indirect value (e.g plankton, which serve as foed for fish, which we, in turn,
<nsume); sometimes they are both (e.g. drinking and irmgation water). The "value”
L am alluding to mayv be utilitarian (e.g. the resource mav be a source of food, or a

keystone species in an ecosvstem, it mav be aesthetic fe g a landscape), or it mav be

intrinsic (e.g it could be a living arumal);, indeed, it mav be all these things at unee
Resource stocks are measured in different wavs, depending on their character in
mass Units je.g. biomass units for forests, cowdung, and crop residues), in numbers
cy size of an ammal herd), in indices of “quality’ seg water- and aw-quality

mdicators, in volume unats te g acre-feet for aquifers), and so forth.

n

There s a small tribe or econemusts, knowr as resource economists {| happen to

belenyg to thiy tribe) who tend fo view the natara, environment through the lense of

Thisetvmofoey ot produced goods and services Juesn't vield a resource theory
v osalue Like Mamvs dabour rheory of vaite. any such theory would rup nto
reund One reaser s that there are many naturai resclrces, not one: and this alone
pmans 1957 reontains a simple proof

voonnd make the putative theory incoherent




papulation ecology. The focus in population ecology is the dynamics of interacting
popblations of different species. So, it is customary there to take the background
environmenta! processes as given, that s, they are not subject to analysis. The most
well-known illustration of this viewpoint is the use of the logistic function to chart
the time path of the biomass of a single species of fish enjoving a constant flow of
food. Predator-prey models (e g that of Volterra) provide another class of examples;
as do the May-MacArthur models® of competition among an arbitrary number of
species.

Depending on the context, the flow of value we derive from a resource stock
could be dependent on the rate at which it 1s harvested. or on the size of the stocks
in many cases, 1t would be dependent on both, For example, annual commercial
profits from a fishery depend not only on the rate at which it is harvested, bul also
on the stock of the fishery, becanse unst harvesting costs are typically low when
stocks are large and high when stocks are low. The valuation of resources and the
rates at which popuiations are harvested in different institutional settings are amony,
the resource economist’s objects of enquiry (Clark, 1976; Dasgupta and Heal, 1979;
Dasgupta, 1982)."

There is another small tribe of economists, known as environmental ccononists
{[ happen to belong to this tribe as well), whe, in seeming contrast to resource
economists, base their studies on systems t'c:)l'ogy.‘ There, the focus is on such objects
as energy at difterent trophic levels and its rate of flow among them; and the
distribution and flows of biochemical substances in soils and bodies of water, and of

particulates in the atmosphere. The motivation is ko stady the biotic and abiotic

* See May (1972) and May and MacArthur (1972)

* Resource economists are interested 10 minerals, ores, and fossil fuels as well. As
the matural regenerative rate of such resources is zero, they can be regarded as a
limiting case of renewable natural resources. For this reason they are called exhanstibic
resources. For reasons of space, | will ignore them in this lecture. For an account of
what economics looks like when we include exhaustible resources in the productien
process, see Dasgupta and Heal (1979), Hartwick and Olewiler (1986), and Tietenbery
(1988).

* The contrast is illusory, as will become apparent below. That’s why one can
belong to both tribes with ease.

o]

processes underlying the services ecosystems provide for us. As s now well known,
these services are generated by interachions among organisms, populations of
OFganISME, communities of poputations, and the physical and chenucal envirenment
inwhich they reside. Ecosvatems are the sources of water, ot animal and plant food,
and of other renewable resources. In Hhis way, ecosystems mamntaim a genetic library,
sustan the processes that preserve and regenerate soil, recvele nutnents, control
toods, hilter pollutants, assimnlate waste. poellinate crops, operate the hydrological

vcle, and mamtain the gasenus composition of the atmosphere” The totality of all
the ecosvstems of the world represents a large part ol our natural capital stock,
which, for vividness, | will refer to as our suvirommental resonvee-buse " Lnvironmental
problerms are thus almost always associated with resources that are regencerative, bul
are i danger of eshaustion from excessive use 1t makes sense then to denbity
covironmiental resources with renewable natural resourees The valuation ol
ceodopical services and the patterns inoswhich they are availabie under ditterent
istitutional settings are amoeng the cnvirenmental cecanomist’s obedts of enguiry
[eonomie studies ot g]ulml WA, ;'Lm'nphu'nlmn of lakes the management of
rangelands, and the pollution of estuaries are esamples of such endeasour (Costanza,
1991, Maler of af, 1992 Walker, 1993 Nordhaus, 1994)

In a formal sense, popnlanon and systems ecology ditter only by way of the
variables ("state variables”, as they are called) that are taken to characterze comples
systems. o the former, the typioal vanables are population sizes (er, alternatively,
tonnage) of differeat species; i the tatter, they are idices o vanons seevices, As
aoted above, b is often posaible to summaree the fatter i lerms of mdices of
Tquality™ such as those for i, sonl, or waters Fach such imdes should be taken to by
a summary statistic (reflecting a parlicatar form of aggregation) that enables the
analyst to study complex aystems by means of a few strategically chosen variables

The viewpomt st offered. that of distinguishing population and systems

ecalagy in terms of the state variables that summarize comples svstoins, allows us o

" Ehrlich, Fhrlich and Holdren (19773 remains the oulstanding, treatise on buth
population and svstems ecology

© As mentioned earhier, vur natural capital steck tnelides, i addition, minerals,
ores,and tossil tueds.



integrate problems of resource management with problems of environmental
pollution and degradation.” It reminds us that resource economics and environmental
economics are the same subject. It also suggests that the environmental resource-base
should be seen as a gigantic capital stock. Animal, bird, and fish populations
{including the vast array of micro-crganisms), water, soil, forest cover, and the
atmosphere are among the components of this stock. Since it would be convenient to
refer to resource and environmental economics by an overarching name, | will do so
in this lecture by the term ecological economics?
2. The Neglect of Ecological Economics

Given the importance of the envirenmental resource-base in our lives, you
would think that ecological matters must be a commenplace furiture of economic
thinking, But you would be wrong Not only are environmental resousces only
perfunctorily referred to in economics textbooks, they are aiso cheerfully ignored in
economists” public pronouncements. Indeed, as a prafession, it has been normal
practice for economists to regard the environmental resource-base as an tndefinifely
targe and adaptable capital stock, This has enabled them to offer macroeconomic
advice to political leaders, and encourage the lay public to aspire to levels of
censumption that are consistent only with unlimited growth possibilities in material
output. Macroeconomic models involving long run production and consumption
possibilities typically make no mention of the environmental resource-base; the
implicit assumption being that natura! resources aren’t scarce now, and won't be
scarce in the future. It is small wonder that ecological economics remains a fringe
activity of what one could call "official" economics. It is an unfortunate state of

affairs.®

7 For a formal demonstration of this, see Dasgupta (1982).

*1am able to usurp the term from the literature, for the reason that it appears fo
have no fixed meaning: "ecological economics” seems to mean different things to
different people.

* Barro and Sala-i-Martin (1995) and Romer (1996) are treatises on macroeconomic
growth. The environmental resource-base does not appear in either exposition. By the
same token, it has proved all too congenial for ecologists to regard the human
Presence as an nessential component of the ecological landscape. This has enabled
them to ighore the character of human decisions and, so, of economics. Thus,

]

The lacuna has not been restricted to the study of economics in advanced
industrial countries: more than forty years of development thinking in pocr countries
has also neglected environmental matters. A prime reason, often aired, is that, in
earlier days, environmentalists in western industrial countries tended to focus on
stuch problems as local air-potlution {e.g. sulphur emissions) and deterioration of
amenities (e.g national parks, beaches and coastlines). To the development
ecanemist, environmental matters, therefore, appeared a trifle precious, not wholly
relevant to the urgencies of peor societes. On innumerable occastons | have had this
explanation offered to me by social scientists in developing countries. | wouldn’t wish
tw doubt their claim, but the explanation doesn’t tell us why, when they studied
development problems, these same social scientists ignored their own environmental
resource-base, nor why government planning models in poor countries su often have
regarded this base to be of infinite size.

The neglect of the environment in development vconomics is ironic, because
people in poor countries are 1in great part agrarian and pastoral. Rural people account
for about 65 percent of the population of what the World Bank classifies as low-
incume countries. The propuortion of total labour force in agriculture 15 a bit in excess
of this. The share of agriculture in gross domestic product in these countries is 30
percent. These figures should be contrasted with those from indusirial market
economies, which are 6 percent and 2 percent, respectively, tor the latter two indices.
Poor countries are in large measure biomass-based subsistence economies, in that the
rural poor eke out a living trom products obtained directly from their local
environment. For example, in their informative study of lite in 2 microwatershed « °
the Alaknanda river in the central Himalayas in India, the (Indian) Centre for Science
and Environment (CSE,, 1990} reports that, of the total number of hours worked by
the villagers sampled, 30 percent was devoted to cultivation, 20 percent to fodder

collection, and about 25 percent was spread evenly between fucl collection, animal

ecologists in great part continue tu think that environmental degradation resulting
from increased human encroachment on ecosystems can be stemmed effectively by
centralised command-and-control modes of vperation (see below in the text). For

further discussion of the interface of econemic and ecological concerns, see Dasgupta
and Ehrlich (1996)



care, and grazing. Some 20 percent of time was spent on household chores, of which
cdoking took up the greatest portion, and the remaining 5 percent was involved in
other activities, such as marketing. In their work on Central and West Africa,
Falconer and Arnold (1989) and Falconer {1990) have shown how vital are forest
products to the lives of rural people. Peor countries, especially those in the Indian
sub-continent and sub-Saharan Africa, can be expected to remain largely rural
economies for some while yet The categories of natural resources that are of
fundamental importance in advanced industrial countries no doubt differ from those
in poor, agraran societies; but nowhere is the environmental resource-base in
unlimited supply. To treat the base as a free good is to practise bad economics.

Here is an example of how economic analysis can go awty when it neglects the
environment. Barring sub-Saharan Africa aver the past twenty-five years or so, gross
income per head has grown in nearly all poor regions since the end of the Second
World War. In addition, growth in world food production since 1960 has exceeded
the world’s population growth; by an annual rate of, approximately, (0.6 percent. This
has been accompanied by improvements in a number of indicators of human weli-
being, such as the under-5 survival rate, life expectancy at birth, and literacy. [n poor
regions, all this has vccurred in a regime of population growth rates substantially
higher than in the past. These observations have led many economists to argue that
the high rates of growth of population that have been experienced in recent years
aren’t a hindrance to economic betterment, but, rather, that economic development
itself can be relied upon to bring down population growth rates

Fat there is a problem with this argument. Statistics on past movements of
gross world income and agricultural production say nothing about the environmentat
resource-base. They den't say if, for example, increases in gross national product
{GNP) per head are not being realized by means of a depletion of natural capital; in
particulur, if increases in agricultural production are not being achieved by "mining”
the soil. Thus, it is today customary for international urganizations to estimate social
well-being by means of indices that capture only the current standard of living (e.g.
GNP per head, life expectancy at birth, and the infant survival rate; see UNDP, 1993).
But such measures bypass the concerns that ecologists have repeatedly expressed

about the links that exist between continual population growth, increased material

output, and the state of the environment. This is a serious limitation. In Section 11 1
will suggest an aggregate measure of social well-being that captures not only the
current standard of living, but also the effect of changes in the composition of a
country’s natural capital on her future standard of living. This measure is called net
national preduct {(NNFP}.

Now the interesting point is this: it is possible for measures of current well-
being, such as the under-5 survival rate and GNP per head, to increase over an
extended period of time even while NNP per head is declining, We should be in a
position to say if this has been happening in poor countries. But we aren’t, and this
is a reflection of the neglect of ecological matters in economic modelling."

Despite this neglect, ecological economics has developed considerably over the
years, almost by stealth. So far in this Tecture 1 have sketched the terrain of the
subject. In what follews, [ will try to give you a feel for what the subject amounts to
and what insights it has te offer. Over many years now, [ have tried to develop
veological economics ina way that spraks to the problems of econonne development
in poor countries (Dasgupta, 1982, 1990, 1993, 19952 b; Dasgupta and Maler, 1991,
1995%; s0 my treatment will be coloured by my own research interests. 1 don’t shink
there s any harm in this. Even though many of the problems [ will discuss here arse
from a study of rural poverty in poor countries, their structure is generic, and [ think
this fact will be transparent to you.

The plan of the rest of this lecture is as follows: In Section 3 1 will classify the
reasons we face environmenltal problems, and in Sectivns 4-9 [ will elaborate them,
Sections 10-11 will explore prescriptions In large part the discussion there will e
confined to local environmental problems. [n Section 12 [ will extend the discussion
to global environmental problems. One vverall conclusion we will arrive at is that it
won't do lo rely entitely on a decentralized economic environment for avoiding
environmental problems: collective action at different levels 1s necessary. 5o in Section
13 1 will speculate on the various pathways that conld sustain agreements among

peoples and nations. Even though [ will present a number of hard results that have

" Attempts at estimating NNP, thus defined, are currently under way at the
World Bank and the United Nations Statistical Office

-

/



been obtained in ecological economics, 1 won't attempt a summary at the end. My
intention here is to get you to peer at the environment through the economist’s lense.
Providing conclusions at the end would detract from this.

3. Poverty and Institutional Failure as Causes of Envirormental Degradation

The early literature on ecological economics identified market failure as the
underlying cause of environmental problems (Pigou, 1920; Lindah!, 1958; Arrow,
1971; Meade, 1973; Miler, 1974; Baumol and Qates, 1975 Dasgupta and Heal, 1979).
Indeed, the phenomenon of externalities looms large in what has traditionally been
called environmental economics,

By markets | mean institutions that make available to interested parties the
opportunity to negotiate mutually advantageous courses of action. However, in order
that someone is able te negotiate, they need to know the extent to which they are
empowered to negotiate, the extent to which the ather parties are empowered to
negotiate, and so on. In other words, for you to be able to negotiate, you need to
knuw what you can negotiate with, what the other parties can negotiate with, and so
forth. So it should come as no surprise that the functioning of markets is linked
closely to the structure of property rights. This observation (Coase, 1960) was the
starting point of modern ecological economics.

Fhus, it was noted by authors that for many environmental resources markets
simply don't exist. In some cases they don’t exist because the costs of negotiation are
too high. {The overarching term, transactions cost, is often used these days to refer to
a garden variety of costs that prevent markets from operating well ) One class of
examples is provided by ecanomic activities that are affected by ecological
interactions involving long geographical distances (e.g. the effects of deforestation in
the uplands on downstream activities hundreds of miles away: Section 4); anather,
by large temporal distances (e.g. the effect of carbon emission on climate in the
distant future, in a world where forward markets are non-existent because future

generatians aren’t present today to negotiate with us)®’. Then there are cases (e.g the

" Problems arising from an absence of forward markets for the distant future are
no doubt ameliorated by the fact that we care about our children’s well-being and
know that they in turn will care for theirs, and so on, down the generations. This
means, by recursion, that even if we don't care directly for the well-being of our

8

atmosphere and the open seas) where the nature of the physical situation (viz. the
migratory nature of the resource) makes private property rights impractical and so
keeps markets from existing; while in others {e.g. bio-diversity; see Perrings of al,
1994; Swanson, 1994), ill-specified or unprotected property rights prevent their
existence, or make them tunction wrongly even when they do evist

In each of these cases. the market prices of goods and services fail to reflect
their social scarcities; that is, their accoienting (or shadow) prices. For example, the
market price of a number of envicenmental resources, in stitu, is zero, even though,
bring in limited supply, their accounting prices are positive. Generally speaking,
laissez-faire economies are not much good at producing publicly observable signals
that would reflect environmental scarcities. Externalities do not create market
distertions; they are a form of market distortion.'?

One way to improve matters (s to impuose regulatiuns on resource users; for
example, restrictions on effluent discharges and quotas on tish harvests Another is
teantroduce a system of taxes, often called Pigovian taxes; tor exampie, pollativn
charges and stumpage fees. Fach scheme has its advantages and disadvantages over
the other {(Weitzman, 1974a; Dasgupta, 1982; Section 12 below). We cannot enter into
details here, but it bears emphasis that environmental laxes, wlen praperly designed,
remiove market distortions. In addition, there is a presumption thal tax revenues, thus
collected, would enable the government to reduce pre-existing distortionary taxes
(e.g. taxes on earned income). Therv is, thus, a presumption that Migovian taxes vield
a "double dividend” Matters of public finance have been a recurrent theme in
eeulogical economics {see, especially, Baumaol and Qates, 1975 Bovenberg and van der

Moegr, 1994, Bohm, 1996)

distant descendents, we do care tor them indirectly. Arrow of wl. {(1995a) contains a
succinet account of these considerations

'* The accounting price of a resource {whether or not it is an environmental
resource) is the increase 1n the maximum value of social well-being if a unit msore of
the resource were made available costlessly. Formally, it is a Lagrange multiplier. The
accounting price of a commadity is, thereby, the difference between its market price
and the tax {or subsidy) that ought to be imposed on it. Dasgupta, Marglin and Sen
(1972) and Little and Mirrlees {1974) offer procedures for estmating acceunting
prices. Neither book, huwever, has anything to say about environmental resources.



Thus far, market failure. Recently, however, certain patterns of environmental
deterioration have been traced ta government failure. For example, Binswanger (1991}
has argued that, in Brazil, the exemption from taxation of virtually all agricultural
income (allied to the fact that logging is regarded as proof of land occupancy) has
provided strong incentives to the rich to acquire forest lands and to then deforest
them. He has argued that the subsidy the government has thereby provided to the
private sector has been so large, that a reduction in deforestation is in Brazil's
interests, and not merely in the interest of the rest of the world. This has implications
for international negotiations. The current consensus appears to be that, as a country,
Brazil has much to lose from reducing the rate of deforestation she is engaged in. if
this were true, there would be a case for the rest of the world to subsidize her, as
compensation for losses she would sustain if she were to restrain herself. But, as
Binswanger’s account suggests, it isn't at all clear if the consensus is correct.”

This said. it is important to note that the causes of environmental problems are
not limited to market and government failure; they also arise because such micro-
institutions as the househeld can tunction badly. In poor communities, for example,
men typically have the bulk of the political voice. We should then expect pubhic
investment in, say, environmental regeneration to be guided by male preferences, not
female needs. On matters of afforestation in the drylands, for instance, we should
expect women to favour planting for fuelweod and men for fruit trees, because it is
the women and children who collect fueiwood, while men control cash income {and
fruit can be sold in the market). This explains why, even as the sources of fuelwood
continue to recede, fruit trees are often planted.

That political instability (at the extreme, <ivil war) is a direct cause of
environmental degradation is obvious. What isn’t obvious is that it is a hidden cause
as well. Political instability creates uncertainty in property rights. In its presence,
people are reluctant to make the investments that are necessary for environmental
protection and improvement: the expected returns on such forms of investment are

tow. In a study comprising 120 countries, Deacon {1994) has offered statistical

¥ Heath and Binswanger (1996} provide an illustration of government failure
causing environmental deterioration in Columbia.
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evidence of a positive link between political instability and forest depletion.

Taken together, these examples reflect the environmental consequences of
institutional failure. They have a wide reach, and in recent years they have often been
discussed within the context of the thesis that environmental degradation, such as
eroding suil, receding forests, and vanishing water supplies, is a couse of accentuated
poverty amony the rural pour in pour countries. There is truth in this, But there is
also much accumulated evidence that poverty itself can be a cause of environmental
degradation (Dasgupta, 1993; Dasgupta and Maler, 1995; Ehutich, Ehrlich, and Daily.
1995). This reverse causality arises because some envirenmental resources (e.g, ponds
and rivers) are essential for survival in normal times, while others (e forest
products) are a source of supplementary income In times of acute CCONOMIC stress.
This mutual influence can offer a pathway atong which poverty, environmental
degradation, and even high fertility, feed upoen one another ina synergistic manner
aver hme (Dasgupta, 1993, 1995a,b). The recent experionce of sub-Saharan Atrica
would seem to be an illustration of this {Cleaver and Schreiber, 19943 Indeed, an
croson of the environmental resource-base can make certam categories of people
destitutes even while the economy’s gross national product [N increases

These two causes ot environmental degradation, namely, institutional failure
and poverty, pull in different directions and are together net unrelated to an
intellectual tension between the concerns people share about anmereased greenhouse
effect and acid rains, that sweep across vegions, nations and continents; and about
those matters (such as, for example, the decline in tirewood or water sourees) that are
sprcitic to the needs and concerns of the poor in as small a group as a village
communily, Environmental problems present themselves ditierently to different
people Inpart, it s a reflection of the tension [ have just noted and is a source of
misunderstanding  of people’s attitudes. Some people, fur example, identity
environmental problems with population growth, while others dentity them with
wrong sorts of economic growth {Sections 7 and 11). Then there are others who view
them through the spectacle of poverty. Each of these visions 1s correct. There is no
single environmental problem; rather, there is a large collection of them {Dasgupta
and Mailer, 1995; Rearden and Vosti, 1995) Thus, growth in industrial wastes has

been allied to increased economic activity; and in industrialized countries {especially

11



those in the former Socialist block), neither preventive nor curative measures have
kept pace with their production. Moreover, the scale of the human enterprise, both
by virtue of unprecedented increases in the size of the world’s population and the
extent of economic activity, has so stretched the capabilities of ecosystems, that
humankind can today rightly be characterized as the earth’s dominant species. These
observations loum large not only in ecological economics, but also in the more
general writings of environmentalists and in the professional writings of ecologists
in the West. For example, Vitousek ef al. (1986) have estimated that 40 percent of the
net energy created by terrestrial photosynthesis (i.e. net primary production of the
biosphere) is currently being appropriated for human use. To be sure, this is a rough
estimate. Moreover, net terrestrial primary production isn’t exogenously given and
fixed; it depends in part un human activity. Nevertheless, the figure does put the
scale of the human presence on the planet in perspective.

On the other hand, economic growth itself has brought with it improvements
in the quality of a number of environmental resources. The large-scale availability of
potable water, and the increased protection of human populations against both water-
and air-borne diseases in industrial countries, have in great measure come in the
wake of growth in national inceme these countries have enjoyed over the past 200
years or so. Moreover, the physical environment inside the home has improved
beyond measure with economic growth. For example, cooking in South Asia
continues to be a central route to respiratory illnesses among women. Such positive
links between economic growth and environmental quality often go unnoted by
environmentatists in the West. [ would guess that this lacuna is yet another reflection
of the fact that it is all too easy to overlook the enermous heterogeneity of the earth’s
environmental resource-base, ranging as it does from the atmosphere, oceans, and
tandscapes to water-hules, grazing fields, and sources of fuelwood. This heterogeneity
needs constantly to be kept in mind.

4. Markets and their Failure: Unidirectional Interactions

Since we economists understand market competition better than political
competition, we understand market failure better than government failure. In fact,
ecological econumics has provided us with much insight into the nature of those

allocation failures that arise from malfunctioning markets In this and Sections 5 and
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7, we will study this.

Market failure ts prominent in those hidden interactions that are unidirectional;
for example deforestation in the uplands, which can inflict damages on the lowlands
in watersheds. It pays first to concentrate on the assignment of property rights before
seeking remedies. The common law in many poor countries, it we are permitted to
use this expression in a universal context, de facto recognizes polluters’ rights, not
those of the pollutees. So, then, let us consider first the case where the law recogmzes
polluters” rights. Translated into our present example, this means that the timber
merchant who has obtained a concession in the upland forest is under no obligation
to compensate farmers i the lowlands. If the farmers wish to reduce the risk of
heightened floods, they will have to compensate the timber merchant for reducing
the rate of deforestation. Stated this way, the matter does look morally bizarre, but
that 1s how things would be with polluters” rights Had property rights been the other
way round, that 13, one of pollutees” rights, the boots would have been on the other
set ot feetand 1t would have been the timber merchant who would have had to pay
compensation to the farmers for the oght to mflict the damages that go with
detorestation. However, even if the law were to see the matter in this light, there
would be enforcement problems. When the cause of damages is hundreds of miles
away, when the timber concession has been awarded to public land by the
government, and when the victims are thousands of impoverished farmers, the issue
uta pegotiated outcome doexn’t usnally arise. The private cost of logging being lower
than its socral cost, we would expect excessive deforestation

But when the market prices of environmental resources are lower than their
accuunting prices, resource-based goods van be presumed to be underpriced in the
market.” Naturally, the less roundabout. or less “distant”, is the production of the
final good from its resource base, the greater is this underpricing, in percentage
terms. Put another way, the lower is the value-added to the resource, the larger is the
extent of underpricing of the final product. But this in turn means that if the country

were 1o export primary products, there would be an imiplicit subsidy on these

" This example is taken trom Dasgupta (1990). Chuchiliusky {1994) provides an
extended discussion of it
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exports, possibly on a massive scale. Moreover, the subsidy would be paid not by the
general public via taxation, but by some of the most disadvantaged members of
society: the sharecropper, the small landholder or tenant farmer, the forest dweller,
the fisherman, and 50 on. The subsidy would be hidden from public scrutiny; nobody
would talk of it. But it would be there; it would be real. We should have estimates
of such subsidies in poor countries. As of now, we have no estimate.'® An appropriate
form of public policy would be a tax per unit of logging. This would be a Pigovian
tax and, at an optimum, it would equal the damages that would be experienced
downstream if logging were to increase by a marginal amount

In some parts of the world, community leaders, non-government organizations,
and a free press (where they exist) have been known to galvanize activity on behalf
of the relatively powerless "pollutees”. In recent years this has happened on a number
of occastons in different contexts. One of the most publicized was the Chipko
Movement in [ndia. which involved the threatened disenfranchisement of historical
users of forest resources. This was occasioned by the government claiming its rights
aver what was stated to be “public property” and then embarking on a logging
operation. Democratic protest was followed by a reversal of government action. The
reversal came about because citizens could exercise their right to protest. This, and
other, examples suggest that the connection between environmental protection and
civil and political liberties is a close one. They indicate that such liberties are valuable
not only in themselves, they also help realize other collective goals (Dasgupta, 1993)
1 will return to this, most important, matter in Section 7, when we come to study the
breakdown of communitarian forms of management of local commons.
5. Markets and their Failure: Reciprocal Interactions and the Problem of the
Commons

Matters can be quite different for interactions that are reciprocal. Here, cach

"% But see Hodgson and Dixon (1992) for an attempt at such an estimation for the
Bacuit Bay and the El Nidu watershed on Palawan, in the Philippines. The cause of
damages (to tourism and fisheries) was due to logging in the uplands. In short, there
is an effective subsidy on logging in the upper watershed. The authors’ computations
nwere incomplete, but such as they were, the analysis did suggest that the rate of
I gging ought to be lower: indeed, it is possible that logging ought not to occur there
at all.
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party’s actions atfect all. interactions of this sort are the hallmark ot common-property
resources, such as grazing lands, forests, fisheries, the atmosphere, aquifers, village
tanks, ponds, lakes, and the oceans They are often common property bucause private
property rights are for a number of reasons difficult to define (e the case of
muobile resources, such as air). Even when definable, they are on ovcasion difficalt to
enforce (e.g. in the case of forest resources in mountainous terrainst However, unlike
public goeds, consumption of common properly resources is vivalrous: it is possible
tor at least one party to increase ils consumption at the oxpunse ot others’
consumption of them.

Resources such as local forests, grazing lands, village ponds, and rivulets, are
often common property because that is how they have been since time immernorial.
Moreaver, in poor countries they have remained commuon property for long because
they are basiv needs and are at the same time geographically contatned. Rivers may
be long, but they don't flow through everyone's land. [n any case, upstream tarmers
would have untold advantages over downstream ones it they were tnoa position Lo
turn eft the "tap”. Exclusive private territonality over them wolld leave non-owners
at the mercy of the owners at the "bargaining table” " Soceties typreally dont rish the
institution of private-property rights over such resources Y Hawever, wnless there 13
collective action at some level, the private cost of using the resowree talls short of its
sacial cost; and, so, the commaon property 15 over-exploited. Lhis was the point of a
pioneering article by Gordon (1954).

ln a famous essay that popularized Gordon’s analysis, the biolugist, Garrett
Hardin wrote
“Picture a pasture open to all It s 1o be expected that cach herdsman will try
to keep as many cattle as possible on the commons.. As a rabonal being, each

herdsman seeks to maximize his gain. Explicitly or implictly, more or less

' And they are so left under the hundred-year old water laws in South Africa,
where small groups of upstream farmers enjuy ownership rights over the water that
flows through their lands. See Koch (1996)

¥ Rulers had control over such resources in many early sovieties. But that was not
the same as private property rights. Rulers were obliged to make them available to

the ruled. Indeed, vne of the assumed duties of rulers was to expand such resource
bases.
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consciously, he asks. “What is the utility to me of adding one more animal to my
herd?’.. Adding together the component partial utilities, the rational herdsman
concludes that the enly sensible ccurse for him to pursue is to add another animal
to his herd. And another; and anather... But this is the conclusion reached by each
and every rational herdsman sharing a commens. Therein is the tragedy Each man
is lacked in a system that compels him to increase his herd without limit - in a world
that is limited. Ruin s the destination toward which all men rush, each pursuing his
own best interest in a society that believes in the freedom of the commuons. Freedom
in the commons brings ruin to all.” {Hardin, 1968, p. 1244

The parable is compelling: it offers an example of the famous "prisoners’
dilemma"” in a striking way. But is it trustworthy?

The answer depends on how contained the commons happen to be
geographically. Hardin’s parable is apt for resources such as the atmosphere, the
open seas, and urban pollution; but, as we wili see in the next section, it is
misleading for local common-property resources, such as ponds, streams, local
furests, threshing grounds and, tronically, grazing fields. The theory of games teaches
us that the local commons can in principle be managed efficiently by the users
themselves, that there is no obvious need for some agency external to the community
of users (e.g. government) to assume a regulatory role. (See Dasgupia and Heal, 1979,
Ch. 3.) A large body «f evidence that has recently been collected confirms the theory’s
prediction: members of local communities have often cooperated in protecting their
commans from excessive use.® 1 will elaborate this in Section 6.

This said, the problem of the commuons can rear its head through all sorts of
unsuspected sources. The introducsion of cotton as an export crop in Tanzania was
successful in increasing farmers’ incomes. But other than cattle, there were few
aitermative forms of saving available to farmers. So the quantity of livestock increased
significantly, placing communal grazing lands under stress - to the extent that herds

declined because of an increase in their mortality rate. And there have been many

'* See, for example, Howe (1986), Wade (1988), Chopra, Kadekodi and Murty
(1990), Feeny et al. {1990), Ostrom (1990}, Stevenson (1991}, and Baland and Platteau
{(1996). Seabright (1993), Young (1994), and Ostrom (1996) contain good theoretical
discussions of modeiling problems in this field of enquiry
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cases throughout the world where, for disparate reasons, neither centralized nor
communitarian solutions could take hold, so that the commons degraded over time
(Ostrom, 1990; Baland and Platteau, 1996). There have also been cases where cantrol
mechanisms once existed, but broke down under the pressure of changing economic
circumstances. We will come to these matters in Section 7.

Public concerns about environmental degradation are often prompted by
disasters, such as nuclear leakage or floods. The environmental impact of large
undertakings (e.g. dams and irrigaticn systems, such as the Narmada Proiect in India)
also catch the public eye. This is not surprising. Large-scale eftects caused by single
happenings are, often enough, easy 1o detect. So they invite debate. In contrast,
environmental interactions that result in an overuse of COMMON-Proper’ y resources
are not so easy to detect, at least, not unless some threshold is reached and
catastrophies occur. The commons offen invoive large numbers of users, each
inflicting only a tiny damage on each of the others, which, however, sum to a
substantial amount; usually, over an extended period of time, There 1s now evidence
that environmental degradation in poar countries 1s in large measure caused by those
institutional failures whose deletarious effects accumulate slowly over time; it is
caused less by large public projects (Repetto, 1988),

6. Local Commons and Communitarian Solutions

As noted earlier, there 1s a difference between elobal and lecat commons. The
Optn seas are COMMOoN-property resonrces, as are usually village ponds; but, what is
a problem for the former isn't necessarily a problem tor the latter

Why? One reason is that individual vse is more easily observable by others
when the resource isn’t spatially spread vut; which means thal it is casier to prevent
individuals from “free-riding” on the use of tocal commons. (Contrast the use of a
village tube-well with the littering of streets in a metropolis; or cattle-grazing in the
village cuommons with fuelwood collection in the mountains). However, bargaining,
entercement, and information costs also play a rele in the relative efficacy of the
various rules that can in principle be invoked for sharing the benetits and burdens
that are assoctated with an efficient use of commun-properly resources, Thus, it
matters whether the users know one another (contrast a village grazing ground with

uceanic fisheries: Section 13); it matters whether increased mobility makes future
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encounters among group members more uncertain (Section 13); and it matters
whether population pressure leads bargaining costs to exceed the benefits o
cooperation. The cenfirmation of theory by current evidence on the fate of different
categories of common-property resources has been one of the most pleasing features
of modern economic analysis."

Typically, local commons are not epen for use to all in a society: they are not
"open avcess” resources. In most cases they are open only to those having historical
rights, through kinship ties, community membership, and so forth. “Social capital”,
viewed as a complex of interpersonal networks (Putnam, 1993), is telling in this
context: it hints at the basis upon which cooperation has traditionally been buiit.

it is as well Lo note though that the theory of bargaining is still so rudimentary,
that it offers little guidance to the analyst on haw the benetits and burdens of
cooperation would be shared if there were no impediments of the kind that are
associated with bargaining, monitening, enforcement, and information costs, Figure
| demunstrates the case of two parties. The point labeited A denotes the fevels of
well-being the parties would attain, respectively, if they were nof to cooperate I their
use of the commons. Points to the north-gast of A denote levels of well-being the pawr
would attain under various forms of cooperation. The trondier, BC, of this region
represents the set of all efficzent allocations of well-being. Even it we were to assume
that the process of bargaining would lead the parties to agree on an eftivient
allocation (and there is no obvious reason why we should assume this), upon which
puint on BC would the bargainers converge?

The plain truth is, we don't know. [tis, of course, tempting to appeal to that
old war-horse of cooperative game theory, the Nash bargaining solution.® But,

excepting for one (Chopra, Kadekodi and Murty, 1990), [ don’t know of any study

IR - . .
7 There is now an enormous empirical literature recording both the successes and
fJI}UFeb of ct)mm()n—pmperly resource management l‘llr an l‘\fk‘“t‘l’\t L“SCUSS!.()I"I (!f
what it has to tell us, see Baland and Platteau (1996, chs. 10-13).

. " Denote by W, and W, the well-beings of persuns | and 2, respectively. Suppose
W, and W, are their values at the non-cooperative point, A. The Nash bargaining
solution ts that point en BC at which the function (W,-W,)(W ,-W,) is maximized. For
accounts of the Nash bargaining sclution, see Binmore and Dasgupta (1987) and
Fudenberg and Tirole (1991)

18



that has used it to interpret observed sharing arrangements of COMMON-property
resources. The Nash bargaining solution {like others, such as, the Kalai-Smorodinsky
solution; see e.g Dasgupta, 1993) is independent of the context in which negotiation
is assumed to take place. Nash (1950) regarded this as a virtue and was explicit on
the point. But this feature of the solution makes it all the more likely that if duesn't
often find application ®

if the number of parties were to exceed two, matters would be even more
problematic: every bilateral negotiation would now have to be sensitive to others in
the community. In addition to the Nash bargaining solution, there are other solution
concepts in cooperative game theory, such as the core, the nucleolus, and the Shapley
value™ I have not seen any of them being used in applied studies on the local
commons.

In the absence of firm guidance from game theory, speculation has been rife
in the theoretical literature on the commons; some, empirically dubivus. For example,
it has been suggested that heterogeneity of preferences amuunts to transaction costs
and, thereby, it impedes cooperation: or, in other words, that cooperation requires
shared values. This sounds plausible, but is questionable. Every day, hundreds of
thousands of people reach bilateral agreements in bazaars. Since buyers and sellers
have diametrically upposed viewpaints, you couldn’t find greater heterogeneity of
preferences anywhere.

The applied literature, however, has been most iluminating. Not only has it
confirmed that resource users in many instances cooperate, it has also explained
observed asymmetries in the distribution of benefits and burdens of couperation in
terms of underlying differences in the circumstances of the various parties. For
example, in her study of cnllectivelymanaged irrigation systems in Nepal, Ostrom
(1996) has provided an explanation of observed differences in benefits and burdens
among users (e.g. who gets how much water from the canal system and who s

responsible for which maintenance task) in terms of such facts as that some farmers

! Over the past several millenia, a wide variety of contextual solutions have been
proposed for the problem of dividing an “object” among claimants. See Young (1994)
for an account.

* For a review of these concepts, ~ee Aumann (1987).
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are headenders, while others are tailenders.

Wade (1988} has also conducted an empirical investigation of community-
based allocation rufes over water and the use of grazing land. Forty-one South Indian
villages were studied, and it was found, for example, that downstream villages had
an elaborate set of rules, enforced by fines, for regulating the use of water from
irfigation canals. Most villages had simular arrangements for the use of grazing land.
In an earlier work on the Kuna tribe in the Panama, Flowe (1986) described the
intricate set of social sanchons that are imposed upon thase who viclate norms of
behaviour designed to protect their source of fresh water. Even the iniquitous caste
system of India has been found to provide an institutional means ot checks and
balances by which communal environmental resources have been protected (Gadgil
and Malhotra, 1983)

This sard, 1t is important to caution against romanticising communitarian
arrangements over the use of the local commons. Betexdle (1983), tor example, contains
examples of how access is often restricted to the privileged (e caste Hindus).
Rampant inequitres exist in rural community practices. L am laving stress upon the
fact that the local commons are often not unmanaged: Tam ot vlaiming that they are
invariably managed efficiently, nor that they are inevitably managed In ways that
involve ar equitable distribution of benefits and burdens. Good management of the
VOTIMONS regquires nrore than mere Jocal pﬂl'“C!]’JllUi’lf it redinres t’l]lIghtt‘ﬂL’d
government engagement as well,

The extent of common-property resources as a proportion of total assets in a
community varies considerably across ecological zones I Indra they appear to be
most prosainent inarid regions, mountain regions, and unirrigated areas. They are
beast prominent in humid regions and river valleys {Agarwal and Narain, 1989;
Chopra, Kadekodi and Murty, 1990). There is, of course, an economic rationale for
this, based on the commen human desire to pool rishs An almost immediate
empirical corollary 15 that income mequalities are less where common-property
resources are more prominent. Howewver, aggregate inconie 15 a ditferent matter, and
1tis the arid and mountam regions and unirngated areas that are the poorest. This
needs to be borne in mind when policy is devised. As may be expected, even within

dry regions, dependence on ommon-property resources Jdeclines with increasing
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wealth across households. The links between undemourishment, destitution, and an
erosion of the rural common-property resource base are close. They have been
explored analytically in Dasgupta (1993, 1996).

In an important and interesting article, Jod ha (1986) used data from over eighty
villages in twenty-one dry districts from six dry tropical states in India to estimate
that, among poor families, the proportion of income based directly on the local
commons is for the most part in the range 15-25 percent (see also Jodha, 1995). This
is a substantial proportion. Moreaver, as sources of income, they are often
complementary to private-property resources, which are in the main labour, milch
and draft animals, cultivation land and crops, agricultural tools (eg. ploughs,
harrows, levellers, and hoes), fodder-cutting and rope-making machines, and seeds.
Jommon-property resources also provide the rural poor with partial protection in
times of unusual economic stress. For landless people they may be the anly non-
human asset at their disposal. A number of resources (such as fuelwood and water
for home use, berries and nuts, medicinal herbs, resin and gum) are the responsibility
of women and children™

) A similar picture emerges from Hecht, Anderson and May (1988), who
describe in rich detail the importance of the extraction of babassu products among
the landless in the Brazilian state of Maranhao. The support such extraction activity
offers the poorest ot the poor, most especially the women ameng them, is striking,
These extractive products are an important source of cash income in the period
between agricultural-crop harvests (see also Murphy and Murphy, 1985; and for a
similar picture in the West African forest zone, see Falcener, 1990).

7. Why Do Communitarian Solutions Break Down?

[t isn’t difficult tu see why the local commoens matter greatly to the poorest of

the rural poor, or to understand the mechanisms by which such people may well get

disenfranchised from the economy even while in the aggregate the society of which

¥ The most complete account | have read of the centrality of local forest products
in the lives of the rural poor is Falconer and Arnold (1989) and Falconer (1990) on
Central and West Africa. The importance of common-property resources for women'’s
well-being in historical times has been stressed by Humphries (1990) in her work on

18th century rural England. The parallels with modern-day peor sucieties are
remarkable.
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they are members enjoys economic growth. If you are steeped in social norms of
behaviour and understand community obligations, you don’t calculate every five
minutes how you should behave. You follow the norms. This saves on costs all
round. not only for you as an "actor”, but also fur you as "policeman” and “judge"
It is also the natural thing for you to do if you have internalized the norms. But this
is sustainable so long as the background environment remains, approximately,
constant. It will not be sustanable if the social environment changes suddenly and
trust 1s broken. You may even be destroyed. [t is this heightened vulnerability, often
more real than perceived, which is the cause of some of the greatest tragedies in
contemporary society. They descend upon people who are, in the best of
circumstances, acutely vulnerable.™

Sources that trigger destitution by this means vary. Crosion of the local
commons can come about in the wake of shitting populations {accompanying the
growth process itself), rising populations and the conseguent pressure on these
resources, technological progress, unreflective public policies, predatory governments,
and thieving aristocracies. There is now an accumulation of evidence on this range
of causes, and in what follows [ will present an outline of the findings in three sets
of studies, covering three continents.

I. In his work on the drylands of India, Jodha (1986) noted a decline in the
geographical area covering common-property resouices ranging trom 26 to 63 percent
aver a bwenty-year period. This was in part due to the privatization of land. a good
deal 0f which in his sample had been awarded to the rural non-poor. He also noted
a dedline in the productivity of conmon-property resources on account of population
growth among the community. In an eariier work, [udha (1980) identified an increase
i subsistence requirements of the farming community and a rise in the profitability

ot land from cropping and grazing as a central reason for increased desertification in

* Provided people are sufficiently far-sighted, nerms of behaviour that sustain
cooperation can be shown to be self-enforcing in stationary environments. See Section
13 for further discussion.

* In Dasgupta (1988) | have tried to develop some of the microeconomics of
“trust”. But we still have little understanding of the social pathways through which

trust is created.
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the state of Rajasthan. Jodha argued that, tronically, it was government land reform
programmes in this area, unaccompanied by investment in improving the productive
base, that had triggered the process.

2. Ensminger's (1990) study of the privatization of common grazing lands
among the Orma in northeastern Kenya indicates that the transformation took place
with the consent of the eiders of the tribe. She attributes this willingness to changing
transaction costs brought about by cheaper transportation and widening markets. The
elders were, quite naturally, from the stronger families, and it does not go unnoted
by Ensminger that privatization has accentuated inequalities.

3. In an earlier, much-neglected wark un the Amazon basin, Feder (1977, 1979)
described how massive private investment in the expansion of beef-cattle production
in fragile ecological conditions has been supported by domestic governments in the
torm of tax concessions and provision of infrastructure, and leans from international
agenctes, such as the World Bank The degradation of wvast tracts of valuable
environmental resources was accompanied by the disenfranchisement of large
numbers of small farmers and agricultural labourers from the economy. At best it
made destitutes of traditional furest dwellers; at worst it simply eliminated them (see
also Barraclough, 1977; Hecht, 1985). The evidence suggests that during the decades
of the 1960s and 19703 protein intake by the rural poor declined even while the
production of beef increased dramatically. Much of the beef was destined for exports,
for use by fast-food chains.

The sources that were identified in these studies as having transformed
tommon-property resources into private resources differed considerably. Therefere,
the pathways by which the transformation affected those with historical rights were
different. But each narrative is believable. Since the impact of these forms of
privatization on the poorest of the poor are confirmed by economic theory
{Weitzman, 1974b; Dasgupta and Heal, 1979), the ﬁndings of these case-studies are
almost certainly not unrepresentative. They suggest that privatization of village
tommons and forest lands, while hallowed at the altar of economic efficiency, can
have disastrous distributional consequences, disenfranchising entire classes of people
from economic aitizenship The point is a simple one: unless an appropriate fraction

of the rents that are earned from the resource base subsequent to privatization are
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given to the historical users, they become worse off.* Ironically, case-studies also
show that public ownership of such resources as forest lands 15 by no means
necessarily a good basis for a resource allocation mechanism. Decision-makers are in
these cases usually far removed from site (living as they do in imperial capitals), they
have little knowledge of the ecology of such matters, their time-horizons are often
short, and they are in many instances overly influenced by interest-groups far
removed from the resource in question.

All this is not at all to suggest that rural development is to be avoided. It is to
say that resource allocation mechanisms that do not take advantage of dispersed
information, that are insensitive to hidden (and often not-so-hidden) economic and
ecological interactions, that do not take the long-view, and that do not give a
sufficiently large weight to the claims of the pourest within rural populations
{particularly the women and children in these populations) are going to prove
environmentally disastrous. It appears that, during the process of economic
development there is a close link between environmental protection and the well-
being of the poor, most especially the most vulnerable among the pocr. Elaboration
of this link has been vne of the most compelling achievements at the interface of
anthropology, economics, and nutrition science.

8. Economic Growth and the Environment”

Since economists have neglected the environment, it shouldn’t come as a
Surprise that national ecoromic policies have also negiected il. Interestingty, the idea
that economic growth is perhaps even good for the environment has recently been
given eredence by the finding that, for a number of pollutants, there appears to be
an empirical relationship between income per head and environmental quality: as
meome per head increases, environmental quality deterivrates upto a point, beyond
which environmental quality improves (World Bank, 1992} [n shart, the relationship

has a bell shape. Figure 2 provides an example,

* Weitzman {1974b) proves this for the case where an open-access resource is
privatized. Dasgupta and Heal (1979, ch.3} prove it for the local commons.

¥ This section is taken from Arrow et al (1995b), which was republished, with

comments by a number of experts, in Environment and Development Economics
(1990), Volume 1, No. 1.
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It should be emphasized that Figure 2 is based on cross-section data, not time
series. Nevertheless, this is how one is tempted to explain the finding indeed,
economists have been known to so explain it: People in poor countries can’t afford
placing weight on amenities over matenal well-being. Therefore, in the early stages
of economic development, increases in poliution are regarded as an acceptable side-
effect of economic growth. However, when a country has attained a sufficiently high
standard of jiving, people care more about amenities. This leads them to pass
environmental legislation, create new institutions for the protechion of the
environment, and so forth.

The argument has been invoked in the main for amenities. Even within this
set, the bell shaped curve has been uncovered for a few pollutants only. But as it is
consistent with the notion that, as their incomes rise, people spend pruportionately
more on environmental guality, economists have conjectured that the curve applies
to environmentat quality, more gcnerally % 1t is as well to be clear, thnugh, about the
kinds of cenclusion one can draw from these empirical findings. While the fincings
do indicate that economic growth can be assocated with improvements in some
environmental indicators, they imply neither that economic growth is sufticient to
induce environmental improvement in general, nor that the environmental effects of
growth may safely be ignored; nor, indeed, that the earth’s resource base is capable
of supporting indefinite economic growth. On the contrary, if the resource base were
irreversibly degraded, economic growth itself could be at risk

There are other reasons for caution in interpreting such bell-shaped curves.
First, the relationship has been shown to be valid for pullutants involving local short-
term costs (e.g. sulphur, particulates, fecal coliforms), not for the accumulation of

stocks of waste, nor for pollutants invelving leng-term and more dispersed costs,

* Whether the proportion of expenditure devoted to environmental amenities
increases with rising income is an empirical matter, and little is known, The one
study [ have seen on this question, namely Kristrom and Riera (1996), suggests
otherwise: the proportion of expenditure devoted to amenities decreases with rising
income! The authors correctly observe that the bell-shaped curve in Figure 2 is a
"reduced form”, combining as it does technology, preferences, and other such
primitives. From such curves we ought not to infer anything more than that the
income elasticity of environmental improvements is positive.
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such as carbon dioxide, which typically increase with income (Worid Bank, 1992).

+ Second, the bell-shaped curves have been uncovered for emissions of
pollutants, not generally for resource stocks. The refationship is less likely to hold
wherever the feedback effects of resource stocks are significant, such as that which
occurs in the case of mangroves,

Third, the bell-shaped curves, as they have been estimated, say nothing about
the system-wide consequences of reductions in emission. (For example, reductions in
one pollutant in one country may involve increases in other pollutants in the same
country or transfers of pollutants to other countries.) And fourth, in most cases where
emissions have declined with rising income, the reductions have been due to local
institutional reforms, such as environmental legislation and market-based incentives
to reduce environmental impacts. Bat such reforms often ignore intermational and
intergenerational consequences. Where the environmental costs of economic activity
are borne by the poor, by future generations, or by other countries, the incentives to
correct the problem are likely to be weak, The environmental consequences of rising
economic activity may, accordingly, be very mixed. Figure 2 1s something of a mirage.

The solution to environmental degradation lies in such institutional reforms
as would compet private users of resaurces to take account of the social costs of their
actions. The bell-shaped relation is a suggestion that this can happen in some cases.
It doesn’t constitute evidence that it will happen in all cases, nor that it will happen
in time to avert the irreversible consequences of growth. | will discuss these matters
further in Section 11, where we will see that growth in gross national product is a
wrong objective. ] will then ask what sort of economic growth we ought to be seeking,
it indeed it is economic growth of scme kind we ought to seek. In short, we will try
to identify an operationally usefu) index of social well-being.

9. Trade and the Environment

Thus far nationa! econamic policy. But even in areas where the environment

is beginning to impinge on international economic policy, as in GATT and NAFTA®,

it has remained a tangential concern, and the presumption has often been that the

® The Genera! Agreement on Tariffs and Trade and the North American Free
rade Agreement, respectively.
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liberalization of international trade is, in some sense, good for the environment, Thus,
policy reforms designed to promote trade liberalization have been encouraged with
little regard to their environmental consequences; presumably, on grounds that these
consequences would either take care of themselves or could be dealt with
separately.®

As a reaction to this, 1 would imagine, it has not been uncommon to view
international trade liberalizations as a harbinger of a deteriorating environment (e.g.
Daly, 1994). When stated so baldly, the view is false: it doesn’t Tecognize the
heterogeneity of envircnmental probtems (as an extreme thought-experiment, imagine
the extent to which forests, land, and water resources would be degraded if countries
were to become autarkic); it doesn’t distinguish between the volume and composition
effects of a growth in trade on the world's production of goods and services; it
doesn’t say if the growth is allied to international agreements on transfrontier
pollution and a reduction in domestic market failure; and it is silent on whether the
growth is brought about by a removal of government-induced distortions. Tobe sure,
inereased world trade is often associated with a relocation of production units in
accordance with relative international labour, capital, and resource costs. One would
expect free trade to shift poliuting industries to poor countries (Copeland and Taylor,
1994), but insofar as the resulting pollution is local, this is a matter uf national
sovereignty, The argument that lobbies would succeed in lowering environmemtal
standards in countries that have high standards, in order to meel competition from
countries with low standards, is not dissimilar to the concern prople have that trade
with low-wage countries would eventually lower wages in high-wage countries,
However, it is possible to design tax-subsidy schemes to oftset the additional cost of
higher standards, while retaining some of the gains from trade.”! Above all, the
argument for trade protection arising from the thought that countries with lower

environmental standards will become sinks for ather countries” pollutants is to be

n . . . .
Unless it 1s accompanied by judicious environmental policy, expansion of

international trade should be expected to result in an increased stress on the global
commons. Copeland and Tayvlor (1995) provide a formal analysis of the pathway
through which this occurs.

M Low (1992) contains discussions of these matters
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resisted because of the kinds of considerations that were outlined earlier in this
lectuye.

A variant of these economic considerations formed the intellectual background
uof an argument in a widely-publicized memorandum issued in 1991 by the Chijef
Economist of the World Bank to his staff for discussion. It suggested that trade in
pollutants should be encouraged between rich and poor nations because of at least
two reasons: (i) poor countries (e.g. sub-5aharan Africa) suffer from lower industrial
pollution than those in the West; and (i) being poor, they could be expected to value
environmental quality less at the margin.

The memorandum was much criticized in the international press, mostiy along
the lines that it read altogether too much jike saying, "let the poor eat pollution”. The
arguments | have uffered in this lecture imply that this is misplaced criticism. On the
other hand, there are two reasons why we should be wary of the suggestion. First,
it is based implicitly on the thought that there are no significant threshold effects
associated with environmentat pollution. if thresholds were important, it would not
make sense to spread pollution evenly across geographical {ocations. Within
municipalities, for example, household and industrial waste are typically depuosited
in rubbish dumps. This is a social response to the presence of environmental
thresholds. We may now enlarge on this observation: assuming that it is true that
peor countries currently enjoy a better environment as regards industrial waste, it
could well be that global well-being would be enhanced if their environment were
protected and promoted, and if selected sites in rich countries were used as global
centres of deposits for industrial effluents.

The second reason one should be circumspect about the suggestion is that it
doesn’t note that the poor in poor countries are not the same as poor ceuntries. There
are both rich and poor people in poor countries. Typically, the rich in these countries
don’t absorb anything like the environmental risks the poor are forced to accept (e.g.
health risks at work). In addition, the rich enjoy political advantages. Furthermore,
there is nothing resembling a free press, nor open debate, in a majonty of poor
countries. It is then all too possible to imagine that if trade in industrial pellutants
were ta be encouraged, the poor in poor countries would be made to absorb the

health risks (industrial pollutants are usually spatially localized), and the rich in poor
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countries would grasp the income accruing from the trade (a private benefit). This
should make for a difference in our attitude towards the proposal. As elsewhere in
economics, the issue of governance lies somewhere at the heart of the matter.

10. Valuing Envirorimental Resources

As noted earlier, much ecological economics begins with the observation that
prices in a decentralized economic environment often do not reflect social scarcities
ot goods and services. If they did, the criterion of private profitability would suffice,
and there would be no need to pay special attention to the environmental resource-
base. As they don't, a project’s private profitability can’t be regarded as an adequate
indicator of its social worthiness.

50 then, what criterion should we use for selecting among public policies? One
wdea, much pursued in recent years, is to estimate accounting prices and choose
policies on the basis of their accounting profits.

How we should estimate accounting prices is a complex matter, but it 1sn't
uniformly complex. There are now standard techniques for commuodities like
irngation water, fisheries, timber, and agricultural soil.* The same techniques can be
used for estimating losses associated with water-logging and overgrazing.

For commadities such as firewood and drinking and cocking water, the matter
1s more complex: they are inputs in household production. This means that we need
estimates of the way househulds convert inputs into outputs; that is, we need to
estimate household production functions. As an example, transportation costs (in
particular energy costs, as measured n calories) for women and children would be
iess if the sources of fuelwood and water were not far away and receding. As a {very}
first approximation, the vatue of water or fuelwood for household production can be
estimated from these energy needs In some situations (as on occasion with
fuelwood), the resource is a substitute for a tradable input {for example, paraffin or

kerosine); in others {as with cooking water) it 1s a complement to tradable inputs (for

¥ See, for example, Brown and McGuire {1967} for irrigation water; Ceoper (1977)
for fisheries; Magrath and Arens {(1989) and Repetto et al. (1989) for soil fertility;
Anderson (19873 and Newcombe {1987) for forestry; and Solorzano et al. {1991) for the

latter three Dixon and Hufschmidt (1986} and Dixon et al. {1988) are excellent sets of
case-studies on these matters.
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exammple, food grain}. Such facts enable one to estimate accounting prices of non-
marketed goods in terms of the accounting prices of marketed goods (Maler, 1974)

The approach outlined above allows us to capture only the direct use-value of
a resource. As it happens, its accounting price may well exceed this. Why? The reason
is that there may be additional values "embodied” in a resource. One additional
value, mentioned in Section 1, is applicable to living resources: it is their intrinsic
worth as living resources. It is absurd to suppose that the value of a blue whale is
embodied entirely in its flesh and oil, er that the value of the game in Kenyan satari
parks is simply the present-discounted value of tourists” willingness-to-pay. The idea
of "intrinsic worth” of living things is inherent not only within traditional religious
systems of ethics, but also in modern utilitarianism. The question is not so much
whetier living things possess intrinsic worth, but rather, about ways of assessing this
worth. As it is almost impossible to get a quantitative handle on intrinsic worth, the
correct thing to do is to take note of it, keep an eye on it, and call attention te it in
public debate if the resource is threatened with extinction.

What is the puint of basing accounting prices solely on use-vajue when we
know that resources often possess intrinsic value as well? The answer is that it
provides us with biased estimates of accounting prices, and this can be useful
information. For example, in a beautiful paper on the optimal rate of harvest of blue
whales, Spence (1974) took the accounting price of these creatures to be the market
value of their flesh, a seemingly absurd and repugnant move. But he showed that
under a wide range of plausible parametric conditions, it would be most profitable
commercially for the international whaling industry to agree te a moratorium untii

the desired long-run population size were reached, and for the industry to

¥ A second appruach to the estimation of accounting prices of environmental
resourees is based on contingent valuation methods (or CVYMs). They involve asking
concerned individuals to reveal their valuation of hypothetical changes in the flow
of environmental services. CVMs are useful in the case of amenities, and their
applications have so far been confined to advanced industrial countries. As §am not
focusing on amenities in this lecture, there isn't any point in developing the idea
underlying CVMs any further here. The most complete acccount to date on CVMs s
Mitchell and Carson (1989). See also the report on the NOAA Panel on Contingent
Valuation (co-chaired by K.J. Arrow and RM. Solow) in the Federal Register, S8{10),
15 January 1993.
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subsequently harvest the creatures at a rate equal to the population’s {optimal)
sustainable yield® In other words, in Spence’s analysis, preservation was
recommended solely on commercial ground. But if preservation is justified when the
accounting price of biue whales is estimated from their market price, the
recommendation would, obviously, be reinforced if their intrinsic worth were to be
added. This was the point of Spence’s exercize,

Environmental resources often pussess another kind of value, one which is
more amenable to quantification. It arises from a combination of two things:
uncertainty in their future use-values, and irreversibility in their use. Genetic material
in tropical forests provides a prime example. The twin presence of uncertainty and
irreversibility implies that preservation of its stock has an additional value - the value
of extending society’s set of future options. Future options have an additional worth
because, with the passage of time, more information is expected to be forthcoming
about the resource’s use-value, This additional worth is often catled an option valie.
The accounting price of a resource is, at the very least, the sum of its use-value and
its option value®
11. Net National Product as an Index of Social Well-Being

Ideatly, institutions sheuld be in place that make it possible tor market prices
and accounting prices to coincide. In practice, they don’t coincide. Private agencies
choose their actions on the basis of market prices, not accounting prices; but it is
public agencies with which I am concerned here.

The argument that the vight criterion for choosing amony alternative policies
5 their accounting profitability 1s closely related to the suggestion that in measuring
changes in sucial well-being, we should estimate changes in ret national product
{NNP); that is, gross national product (GNP} corrected tor the value of changes in the
country’s entire capital base, inciuding its environmental resource-base. This

suggestion is based on a well-known theorem in modern economics. The theorem

u . )

During the moratorium the whale population grows at the fastest possible rate,
In tus numerical computations, the commerically most-profitable duration of the
moratorium was found to be some 10-15 vears.

15 . . .
(19ﬂ4)'l"he pioneering works on option values are Arrow and Fisher (1974) and Henry
4 -

31



states that, provided certain technical restrictions are met (on which, see below in the
text), for any conception of social well-being, and for any set of technological,
transaction, and ecological constraints, there exists a set of accounting prices of goods
and services that can be used in constructing a linear index of social well-being. The
sense in which it can serve as an index of social well-being is this: small policy changes,
including small investment projects, that are recorded as an improvement (deterioration) by
the index are at once those that resuft in an increase {decrease) in social well-being.* This
index is popularly known as green NNP.

1 cannot enter into details here, but (green} NNP, in a closed economy, reads
as:

NNP = Consumption + value of net investment in physical capttal + value of the net
change in human capital + value of the net change in the stock of natural capital - value of

current environmental damages.”

* Dasgupta and Heal {1979}, Dasgupta and Maler (1991, 1995), Maler (1991), and
Dasgupta, Kristrom and Maler {1996) prove this in models of increasing generality.
Lutz (1993) contains a collection of articles that explore the practicality of moving to
a system of national accounts that includes the environmental rescurce-base.

¥ All values are assumed to be measured in terms of consumption, This involves
no loss of generatity, since all remaining objects that help realize social well-being
(including distnbutional considerations) can in turn be valued in terms of
consumption (Dasgupta, 1993). Note also that, in an open economy, the value of net
exports ought to be deducted from the expression for NNP in the text (Sefton and
Weale, 1996). Furthermore, the expression is correct only if labour is supplied
inelastically {in this case it is a matter of indifference whether or not we include the
wage bill). However, if the supply of labour is responsive to wages, the wage bili
should be deducted from the expression (Nordhaus and Tobin, 1972}

By the value of net "investment” in the expression in the text, [ mean the value
of net changes in capital assets, not changes in the value of these assets This means
that anticipated capital gains (or losses) should not be included in NNP. As an
example, the value of the net decrease in the stock of oil and natural gas (net of new
discoveries, that is) vught to be deducted from GNP when NNP is estimated.

Finally, it has been argued by Putnam (1993) that, in addition to manufactured,
environmental, and human capital, "social” capital (invelving, among other things,
trust and interpersonal networks) matters in the production of goods and services.
Assuming that a suitable index of social capital were in hand, the expression for NNP
in the text would include net investment in sociat capital. Answer to the question
how we should estimate NNP shoutd not be a matter of optnion today, it is a matter
of fact. The problem isn't that we don't know what items NNP should ideally
contain, rather, it is that we don't have adequate estimates of various accounting
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Current estimates of NNP are biased because depreciation of environmental
resources is not deducted frem GNP. To put it another way, estimates of NNP are
biased because a biased set of prices is in use: prices imputed to environmental
resources on site are usualty zero, and this amounts to regarding the depreciation of
environmental capital as zero. But this ir: turn means that profits attributed to projects
that degrade the environment are higher than their social profits, A consequence is
that wrong sets of projects get selected, in both the private and public sectors.

The extent of the bias will obviously vary from project to project, and from
country tu country. But it can be substantial. In their work on the depreciation of
natural resources in Costa Rica, Solorzano et al. (1991) have estimated that, in 1989
the depreciation of three resources - forests, soil, and fisheries - amounted to about
10 percent of gross domestic product and over a third of gross capital accumulation.
Since, under current practice, environmental resources are offen unpriced, resource-
intensive projects look better than they actually are. In conscquence, installed
technoiogies are often unfriendly towards the environment.

One can go further: the bias extends to the prior stage of research and
development. When environmental resources are underpriced, there is little incentive
on anyone’s part to develop technologies that economise on their use The extent of
the distortion created by this underpricing will vary from country to country. Poor
countries inevitably have te rely on the flow of new knowiedge produced in
advanced industrial economies, Nevertheless, poor countries need to have the
capability for basic research. The structure of accounting prices there is likely to be
different from those in advanced industrial countries, most especially for non-traded
goods and services. Even when it 15 publicly available, basic knowledge is not
necessarily usable by scientists and technologists, unless they themselves have a feel
for basic research. Often enough, ideas developed in foreign lands are merely
transplanted to the local economy; whereas, they ought instead to be modified to suit
lucal ecological conditions before being adopted. This is where the use of accounting
prices i1s of help. [t creates the right set of incentives, both among developers and

users of technologies. Adaptation is itself a creative exercise. Unhappily, as matters

prices.
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stand, it is often bypassed. There is loss in this.

*  There is further loss associated with a different kind of bias, something we
noted earlier: that arising from biased demand. For example, wherever househoid
demands for goods and services in the market reflect in the main male {or for that
matter, female) concerns, the direction of technological change would be expected to
follow suit. Among poor countries, we would expect technological inventions in farm
equipment and techniques of production to be forthcoming in regions where
cultivation is a male activity (there would be a demand for them);, we would not
observe much in the way of process innovations in threshing, winnowing, the
grinding of grain in the home, and in the preparation of food. Entrepreneurs have
little incentive to bring about such technological inncvations. Household demand for
them would be expected to be low.

Such biases in NNP as I have identified here occur in advanced industrial
countries as well. So then why do [ stress their importance in the context of poor
countries? The reason is that poor people in poor countries cannot cope with the
same margin of error as people living in rich countries can: a 10 percent drop in the
standard of living imposes greater hardship on a poor household than a rich one.
Recall too that the rural poor are especially dependent upon their local environmental
resource-base. Losses in weli-being due to an underpricing of this base are absorbed
by them disproportionately. The estimation of accounting prices of environmental
resources should now be high on the agenda of research in the economics of poor
countries,

There is an important qualification to all this. The principles underlying the
construction of {green) NNP assume, among other things, that ecological processes
do not display threshold effects.® If threshold effects were important, a purely
decentral’zed economic environment wouldn’t do: accounting prices would need to

be augmented by quantity controls on the use of a number of environmental

* The existence of thresholds means that an ecosystem car flip to a quite different
state in a short space of time when subjected to stress. Formally, and more generally,
an exclusive reliance on accounting prices is justified only if production technologies
are convex. Threshold effects are a prime example of non-convexities. Key articles on
this matter are Baumo!l and Bradford (1972) and Starrett (1972).
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resources. This would be a way of ensuring that the magnitude of economic activity
does not reach a level that places undue stress on key ecosystems.

I conclude that economic liberalization and other policies that promote growth
in gross national product are not substitutes for environmental policy. On the
contrary, it may well be desirable that they be accompanied by stricter policy reforms.
Of particular importance is the need for reforms that would lead to an improvment
in the quality of the signals on the basis of which resource users reach decisions.
They include an array of prices, allied to more direct types of information conceming
vospurce stocks. Environmental damages, including the loss of resilience of
ecosystems, often occur abruptty and are often not reversible, But abrupt changes can
seldom be anticipated from signals that are characteristically received by dectsion-
makers in the world. Furthermore, the signals that are generated are often not
observed, or are wrongly interpreted, or are not part of the incentive structure of
societies. This is due to ignorance about the dynamic effects of changes in the
vartables that characterize ecosystems (e g. thresholds, buffering capacity, and loss of
resilience). It is also due to the presence of institutional impediments, such as a lack
of well-defined property rights. The devetopment of appropriate institutions depends,
among other things, on understanding ecosystem-d ynamics. Above all, given that we
are vastly ignorant about the extent to which ecosystems are resilient, we should act
in a precautionary way so as to maintain their diversity.

Ecanomic growth is not a panacea for environmental quality; indeed, it is not
even the main issue. What matters is not economic growth per se, but the content (ie.
the composition of inputs and outputs) of growth. The content is determined by,
among other things, the economic institutions within which human activities are
conducted. Such measures will not only promote greater efficiency in the allocation
of environmental resources at all income levels, but would also assure a sustainable
scale of economic activity within the ecological life-suppuort svstem. Protecting the
capacity of ecosystems to sustain human well-being is of as much importtance to poor
countries as it is to those that are rich.

12. International Governance and the Global Commons
Unlike the local communs, open access to the global commons is more the rule

than the exception. This makes Hardin's parable apt. Mareover, the option of "voting
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with one’s feet" as a way of avoiding global environmental problems is unavailable.
This gives added bite to the political economy of global commen-property resources.”

Space forbids that | go into global issues in any detail here. So I will sketch a
few mechanisms that have been suggested for dealing with them. It will prove
convenient to do this in the context of two global commons: the atmosphere as a sink
for gaseous emissions and international fisheries. 1 will take them up sequentially.
(i) Global Warming and Ozone Depletion

Emission of carbon dioxide {CQ;) at rates in excess of the capacity of the
oceans and forests to "absorb” it is a cause of global warming. This has been known
for about a century. Su too are chiorofiuorocarbons (CFCs) a "greenhouse” gas {and
there are others siill). However, a little over two decades ago, the CFCs were found
to have a more immediate and dramatic effect: they deplete the ozone shield that
protects us from excessive ultra-violet radiation from the sun. For this reason, today
the CECs are discussed almost exclusively in the context of their effect on the ozone
layer.

Even though the externalities that nations inflict upon one another when
emithing, say, CO, are reciprocal, they are not symmetric: the costs and benefits of
reducing emission rates differ greally across nations. This means that, if agreements
on major reductions are to be reached, financial transters would be necessary {Carraro
and Sinscalco, 1993; Heal, 1994). Several alternatives have been suggested, debt relief
for developing countries being one. This isn’t to say that agreements can’t be reached
in the absence of side-payments; it is only to say that they would tend to be less
efficient (Carrare and Sinscalco, 1993). Barrett (1990) has argued, for example, that,
while one would have expected a number of countries to sign the Montreal Protocol
on CFCs, one shouldn’t expect ail countries to sign it. The reason is that if only a few
countries were to sign the Protocol, national benefits from further reduction in CFC
emission would be high. This would induce more countries to sign. However, if
many countries were to sign the Protecol, national benefits from further reduction
would be small, and it wouldn't then be worth a country’s while to sign.

Nevertheless, international negotiations over the protection of the ozone layer

¥ See Miler (1990) and Hoel (1992} for a more detailed discussion of these issues.
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have been remarkably successful. Nearly all countries have cooperated in ereaiing a
regime in which the emission of CFCs will soon be reduced to nit. In contrast, little
has been achieved in the case of CO, emission. Why?

Barrett (1996) has pointed to a number of salient differences between the two
cases. Ozone depletion increases the risk of skan cancer, and so kills people; in
contrast, the economic consequences of an increase in the atmosphere’s average
ten1perature, though most likely to be very large, will be diffuse across the globe in
unpredictable ways. The aggregate cost of reducing the consumption of fossil fuels
in any significant amount would be gigantic; in contrast, the costs of moving away
from CFCs to their substitutes are small. And so forth. Whatever the reasons, the
public perception is that the ratio of benefits to costs of a ban on UFCs is large,
whereas, for significant reductions in the use of fossil fuels, it is small. This
interpretation of the public’'s perception must be right, otherwise, it is hard to see
why the Montreal Protocol {in which the signatories agreed to ban the use uf CFCs
and to ban trade with non-signatories in goods involving CFCs) has been so effective,
whereas the Framework Convention on Climate Change {(which merely urges
countries to stabilize their CO, emissions at 1990 levels by the year 20013, but does not
require them to do so) resembles a toothless kitten. Unless an agreement is so
designed that the parties have an incentive to comply, it amounts to little ®

What mechanisms, other than quantity restrictions and Tigovian taxes, are
there fur implementing international agreements, if agreement can be reached?' One
broad category, well worth exploring, involves making the global commons quasi-
private. The basic idea, which originated in Dales (1968), is similar to the principle
currently being experimented with in the US A, The idea, 1f extended to the
international sphere, would have the community of nations set an upper bound on
the total use of a global commons, such as the atmosphere; have it allocate
transferable national rights {which add up to the global upper bound); and allow the

final allocation among different users to be determined by a market in these rights.

f” French (1994) argues that such incentives are lacking in most of the 170 or s0
environmental treaties that have been drafted in recent years.

.“ Admittedly, the one is not independent of the other; but for expositional ease,
[ will suppose they are
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To give an example, consider the emission of CO,. Suppose it is desired by the
cgmmunity of nations that the global emission rate should be reduced to some
prescribed level. Countries would receive an assignment of permits which add up to
the global bound and would be allowed to buy and sell permits. It transpires that
under a wide range of circumstances, this scheme has informational ad vantages over
both taxes and quantity controls. Furthermore, if the permits were to refer to net
emissions (i.e. net of absorption of carbon dioxide by green plants), the scheme would
provide an incentive for countries with fast-growing tropical rain forests 1o earn
export revenue, by encouraging forest growth and then selling permits to other
countries. The scheme also has the advantage that the necessary side-payments
required to induce ali (or most) countries to participate in the agreement could be
made through the initial distribution of emission permits. Countries that do net
expect severe damages from global warming would also wish to participate, if only
they were to be provided initially with a sufficient number of permits.

The sticking point would clearly be over reaching an agreement on the initial
distribution of permits among nations.*2 However, if the bound established on annual
aggregate emission were approximately optimal, it would be possible, in principle,
to distribute the initial set of permits in such a way that ail countries have an
incentive te join the scheme (Miler and Uzawa, 1995). Having said this, 1t is
important to note that in practice it is difficult to devise a rule for the distribution of
initial rights that would satsfy all countries (recall the bargaining problem in Figure
1). S0 progress in this sphere of international cooperation can be expected to be slow.
Nevertheless, one cannot overemphasise the fact that there are large potential gains
to be enjoyed from international cooperation. A scheme involving the issue of
marketable permits in principle offers a pathway by which all naticns can enjoy such
gains. The argument that national severeignty would be endangered is no argument:
the point about the global commons is precisely that they are beyond the realm of

national sovereignty.

2 How a national government would allocate the nation’s rights among agencies
within the country is a different matter.
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(ii) International Fisheries

If biodiversity and the emission of greenhouse gases dominate the literature
on the global commons today, it isn't because international fisheries pose no
problems: rather, it is because global food production hasn’t been on the agenda of
international concerns in recent years. But disputes in the Atlantic and the Pacific
reflect unresolved conflicts of interest among contending parties. At the widest
international tevel, the United Nations Law of the Sea Conferences were initiated
several decades ago because of a clear recognition that the open seas pose a serious
resource allocation problem.

The maximum potentiai harvest of ocean fisheries is estimated to be in the
range 60 to 90 million metric tons* There is evidence that, globally, stocks have
declined in recent years through overfishing: worldwide, the extraction rate of wild
fish reached a peak of 82 million metric tons in 1989, It is not only increases in world
population and incomes that have caused this; fishing technology has become
awesome, having both lowered the unit cost of large-scale fishing considerably and
increased the rate of what is euphemistically called "bycatch™* Allied to this is the
enormous subsidy a number of the most prominent national fishing industries receive
from their governments. Recently, the cost of catching 70 killion US dollars worth of
tish amaunted to 124 billion US dollars. The deficit was largely covered by subsidies
(Safina, 1995).

Couper (1977) estimaled that the annual revenue that could be generated from
international marine fisheries by a Pigovian tax on harvests is of the order of 2.5
billion US dollars. He suggested that the fax could be administered by the United
Nations, pussibly as a contribution to its Development Fund. This is another
illustration of the possibility of a "double dividend”, mentioned in Section 3. But we

are nowhere near such a form of international cooperation

_ * Maximal potential harvest is not the same as maximum sustainable yield. This
is because a good fraction of a fishery’s production has to be left unharvested on
ecological grounds. World Resources Institute (1994) and Safina (1995} offer succinct
accounts of the problem of marine fisheries.

tr] .
Bycatch refers 1o inadvertent harvest. Roughly, one of every four animals
harvested from the open seas is unwanted.

39



13. Collective Agreements and the Structure of Authority

. A striking difference between local and global environmental problems is this:
unlike agreements on the use of, say, local commons, there is no obvicus central
authority that can enforce agreements among nations over the use of transnational
commons. To be sure, there are international authorities that have the mandate to act
as overseers, But they don't, at least in principle, possess the coercive powers that
national governments ideally enjoy. This has implications on the extent to which
international authorities are able to enforce agreements.

Insights into the range of options open in the international sphere can be
ubtained by asking a prior question: How are agreements implemented in the case
of local environmental problems? Notice that, while related, this is different from
asking what agreement would be expected to be reached if the parties were to
bargain. In Section 6 we noted that the theory of games offers little guidance on the
latter question. But it has things to say about the former.

Broadly speaking, there would appear to be three mechanisms by which an
agreement can be implemented. (Of course, none may work in a particuiar context,
in which case people will find themselves in a hole they can't easily get out of, and
what could have been mutualiy beneficial agreements won't take place.}

In the first mechanism the agreement is translated into a contract, and is
enforced by an established structure of power and authority. As noted in Section 6,
this may be the national government, but it need not be. In rural communities, for
example, the structure of power and authority are in some cases vested in tribal
elders (as within nomadic tribes in sub-S5aharan Africa), in others in dominant
landowners (such as the zamindars of castern India), feudal lords (as in the state of
Rajasthan in India), chieftains, and priests. On occasions there are even attempts at
making rural communities mini-republics. Village Panchayats in India try to assume
such a form. The idea there is to elect offices, the officials being entrusted with the
power to settle disputes, enforce contracts (whether explicit or only tacit),
communicate with higher levels of State authority, and so forth. Wade’s account

{Wade, 1988) of the collective management of common-property Tesources in South
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India describes such a mechanism of enforcement in detail*®

The question why such a structure of authority as may exist is accepted by
people is a higher-order one, akin to the question why people accept the authority
of government. The answer is that general acceptance itself is a self-enforcing
behaviour: when all others accept the structure of authority, each has an incentive to
accept it (or, in short, general acceptance is a Nash equilibrium). Contrariwise, when
a sufficiently large number don’t accept i, individ ual incentives to accept it weaken,
and the system unravels rapidly. General acceptance of the stoicture of authority is
heid together by its own bootstraps, so to speak.

The second mechanism consists in the development of a disposihon te abide
by agreements, a disposition formed through the process of communal living, tole
modelling, education, and the experiencing of rewards and punishments. This process
begins at the earliest stages of our lives. We internalize social norms, such as that of
paying our dues, keeping agreements, returning a favour; and higher-order norms,
as for example frowning on people who break social norms (even shunning them),
and so forth. By internalizing such norms as keeping agreements, a person makes the
springs of his actions contain the norm. The person therefore feels shame or guilt in
violating a norm, and this prevents him from doing so, or, at the very least, it puts
a break on his violating it unless other considerations are found by him tu be
vverriding. In short, his upbringing ensures that he has a disposition to obey the
norm. When he does violate it, neither guilt nor shame is typically absent, but the act
will have been rationalized by him. A general disposition to abide by agreements, to
be truthful, to trust one another, and to act with justice is an essential lubrican! of
societies, Communities where the disposition is pervasive save enormously on
transaction costs, There lies its instrumental virtue. In the world as we know it, such
a disposition 1s present in varying degrees. When we refrain from breaking the law,
itisn’t always because of a fear of being caught. On the other hand, if relative to the
gravity of the misdemeanour the private benefit from malfeasance were high, some

transgressions could be expected to take place. Punishment assumes its role as a

* See also Gadgil and Guha (1992) for a narrative on India’s ecological history as
seen from this perspective.
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deterrence because of the latter fact.

. However, where people repeatedly encounter one another in similar situations,

agreements could be reached and kept even if people were not trustworthy; and even
if a higher authority were not there to enforce the agreements. This is a third kind
of mechanism,

How does it work? A simple set of contexts in which it works is one where
far-sighted people know both one another and the environment, where they expect
to interact repeatedly under the same circumstances, and where all this is commonly
known.* By a far-sighted person | mean someone who applies a low discount rate
to the future costs and benefits associated with alternative courses of action. This
means in particular that people in the community are not separately mobile;
otherwise the chance of future encounters with others in the community would be
low, and people would discount heavily the future benefits of cooperation.

The basic idea is this: if people are far-sighted, a credible threat by others that
they would impose sanctions on anyone who broke the agreement would deter
anyone from breaking it. Let us see how this works.

For expositional ease, consider those circumstances where actions are publiciy
observable, and where everyone has perfect memory of how all others have behaved
in the past.”’ Imagine, then, a group of people who have agreed upon a joint course
of action (e.g. in the case of two people, a point on BC in Figure 1). The agreement
could, for example, be over the sharing of the benefits and burdens associated with
the construction and maintainence of an irrigation system. We may suppose that the
cooperative arrangement that has been agreed upon assigns various responsibilities
to the parties on a period-by-pericd basis (e.g. mamtaining a canal system annually,
diverting to one’s own fields only the quantity of water that is une’s due, and so
forth). How is this agreement to be kept in the absence of an external enforcement
authority?

One might think that a secia! norm, requiring people to keep their agreements,

* These are not necessary conditions, they are sufficient. For a good account of
what is known in this line of inquiry, see Fudenberg and Tirole (1991).

¥ Each of these qualifications can be relaxed. See Radner (1981) for weakening the
first qualification, and Sabourian {1988} for relaxing the second.
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has a role here. But this merely begs the question: we would want to know why the
norm is accepted by all; that is, what incentives peopie have for not violating the
norm. Since by a social norm we mean a rule of behaviour that is commonly obeyed
by all, we would need to show that it is in the interest of each party to obey the
norm if all others were to obey it* For simplicity of expuosition, consider the case
where the private gain to someone from breaking the agreement unilateralty for a
period is less than the discounted value of the loss he would suffer if all others were
to refrain from cooperating with hum in the following period. Call a person deserving
if and only if he cooperates with all who are deserving. This sounds circular, but
1s1't; because we now assume that the norm requires all parties te start the process
of repeated interactions by keeping their agreement (viz. maintaining the canal
system, diverting to one’s own fields only the quantity of water that is one’s due, and
so forth). It is then easy to confirm that, by recursion, it is possible for any party in
any period to determine who is deserving and who is not. If sumecne’s actions in any
period made him non-deserving, the norm would enjoin each of the other parties to
impuose a sanction on him {i.e. not cooperate with him) in the following period (e.g.
deny him the water he needs). In long, the norm requires that sanctions be imposed
upon those in violation of an agreement; upon those who fail to Impose sanctions
upen those in violation of the agreement; upon those who fail to impose sanctions
upon those who fail to impose sanctions upon those in violation of the agreement;
- and so on, indefinitely. This indefinite chain of what amounts to higher and higher
order norms makes the threat of sanctions against deviant behaviour credible;
because, if all others were to cbey the norm, it would not be worth anyone’s while
to disubey the norm. In short, keeping one’s agreement would be sclfvenforcing."‘
This argument generalizes to other situations. Provided people are sufficiently

far-sighted, a social norm which instructs one to conperate with, and only with,

I : . ) .
In technical parlance, for a rule of behaviour to be a social norm, it must be a

s;:bgame-perfect Nash equilibrium. Fudenberg and Tirole {1991) offer an account of
this.

1% R . .
Notice though that, as cooperaticn is self-enforcing, there would be no deviance
along the path of cooperation; so, no sanctions would be observed. The higher-order
norms pertain to behaviour off the path of cooperation.
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deserving parties, can lift communities out of a number of potentially troublesome
social situations, including the repeated “prisoners’ dilemma” game. The reason each
party conforms to the norm if a sufficient number of others were to conform is pure
and simple self-interest: if someone were not to conform (i.e. were not to abide by the

norm), they would suffer from sanctions from others for a sufficiently long period of
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time, long enough to make non-conformism "unprofitable

This sort vf argument, which has been established in a general setting cnly
recently, has been put to effective use in explaining the emergence of a number of
institutions which facilitated the growth of trade in medieval Europe. Greif {1993), for
example, has shown how the Maghribi traders during the eleventh century in Fustat
and across the Mediterranean acted as a collective to impose sanctions on agents who
violated their commercial codes. Greif, Milgrom and Weingast (1994) have offered an
account of the rise of merchant guilds in late medieval Europe. These guilds afforded
protection to members against unjustitied seizure of their property by city-states.
Guilds decided if and when a trade embarge was warranted against the city. In a
related work, Milgrom, Nurth and Weingast (1990) have analysed the role of
merchant courts in the Champagne fairs. These courts facilitated members in
imposing sanctions on transgressors of agreements,

A somewhat reverse set of actions vecurred as well in medieval Europe, where
transgressions by a party were sometimes met by the rest of society imposing
sanctions on the entire kinship of the party, or on the guild to which the transgressor
belonged. The norm provided collectives with a natural incenfive to menitor their
own members’ behaviour. {For a different instance of this, the context being the use
of local common-property resources, see Howe, 19863

As matters stand, international agreements on environmental matters coutd be
expected to be sustained by the latter two mechanisms in the list 1 have just
discussed, not by the first Ultimately, however, it is the second route that offers the
strongest hopes for the emergence of collective responsibility over transnationat

commons. The problem is that institutional changes are easier to bring about than

® Of course, the non-copperative outcome (e g the point A in Figure {] is also
self-enforcing; that is, it1s also a subgame-perfect Nash equilibrium. Repeated games,
such as the one | am studying here, have many equilibria.
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changes in personal and collective attitudes; or su it would seem, Economists
generally take "preferences” and "demands” as given and try to devise policies that
would be expected to improve matters collectively. This is the spirit in which
ecological economics has developed, and there is an epormous amount to be said for
it. But in the process of following this research strategy, we shoukdn’t play down the
strictures of those social thinkers who have urged the rich to curb their material
demands, to alter their preferences in such ways as to better husband the earth’s
limited resources. If such strictures seem quaint in today’s world, it may be because
we ate psychologically uncomfortable with this kind of vocabulary. But that isn’t an

argument for not taking them seriously.
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