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Foreword

The decade of the 1980s has witnessed a implications of these linkages for development
fundamental change in the way governments policy in general. The objective of the
and development agencies think about Environment Paper Series is to make the results
environment and development. The two are no of our work available to the general public.
longer regarded as mutually exclusive. It is Increasing environmental awareness and
now recognized that a healthy environment is concerns over sustainability have broadened the
essential to sustainable development and a range of issues that need to be examined in the
healthy economy. Moreover, econoriists and assessment of the potential impacts of proposed
planners are beginniijg to recognize that projects and programs. This paper focuses on
economic development which erodes natumal how environmental resources in developing
capital is often not successful. In fact, countries might be linked to rural poverty and
development strategies and programs which do fertility. The authors draw on a variety of
not take adequate account of the state of critical disciplines including economics, the
resources-forests, soils, grassiands, fieshwater, environmental sciences, demography and
coastal areas and fisheries-may degrade the anthropology to show that institutional problems
resource base upon which future growth is and poverty may give rise to environmental
dependent. degradation.

Since its creation, the Vice Presidency for
Environmentally Sustainable Development
(ESD) has placed the highest priority on the
analysis of these important issues- Within ESD,
the Environment Departnent's work, in Mohamed T. El-Ashry
particular, has focused on the links between Chief Environmental Advisor to the President
environment and development, and the and Director of Environment Department

iv



Acknowledgement
This paper is based on an article written for lectures were fiuther developed at a teaching

the Handbook of Development Ecanomics, Vol. workshop on environmental economics held in
3, edited by Jere Behrman and T.N. Srinivasan Colombo in December 1992 for university
(Amsterdam: North Holland), forthcoming teachers of economics from developing
1994. It draws on a course of lectures delivered countries, sponsored by UNU/WIDER. We have
by the authors in November 1992 in Bombay at leamt much from the comments of the
a workshop for senior civil servants from participants of these workshops and from
developing countries, sponsored jointly by the discussions with our co-lecturers: Scott Banfett,
Swedish International Development Authority John Dixon, Mohan Munasinghe, Theo
(SIDA), the Beijer International Institute of Panayotzu, and Kirit Parikh.
Ecological Economics, the UNUIWorld Institute In preparing the final version of this article,
for Development Economics Research we have benefitted greatly from the comments
(UNU/WIDER), and the Indira Gandhi Institute of Jere Behrman, Lawrence Lau, T.N.
for Economic Development Research. These Srinivasan, and Stefano Zamagni.

v



Abstract

This paper relies on empirical material provides the background to the discussion.
drawn from anthropology, demography, Part ll and the Appendices provide the capital
economics, and the environmental sciences for theory that is necessary for any exploration
identifying possible links between rural into the economics of environment and
poverty, fertility behavior, and the local development. The authors summarize and
environmental resource base in poor countries. extend the literature on optimal development,
The authors argue that poverty and intertemporal accounting prices, and the idea
institutional failure are both moot causes of of net national product in both first- and
environmental degradation and that the latter second-best economies. In Part III they apply
may well be a cause (as well as an effect) of the ideas developed in the earlier parts to
high fertility rates. Part I of the article address the main theme.
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PART I: BASICS

1. The Resource Basis of Rural Production countries, it has beci ItIC neglect of this
resource base. tlhilil ver) recently.

People in poor countries arc for the most environmcnital resources mlade but perl'unctory
part agrarian and pastoral lolk. In 1988, rural appearances in governmetl planning models,
people accounted for about 65 per cent of the and they were cheerftillv igniored in most of
population of what the World Bank classifies what goes by the namiie development
as low-income countries. The proportion of economics.-
total labour force in agriculture was a bit in The situation is now dillereint. As regards
excess of this. The share of agriculture in timing, the shift in attitudc can prtibably be
gross domestic product in these countries was identified witli the publicationi of the
30 per cent. These figures should be Brundtland Report (World Conmmission,
contrasted with those from industrial market 1987), and today no accounit or economic
economies, which are 6 per cent and 2 per development would be regarded as adequate
cent, respectively.' if the environmental resource base were

Poor countries are for the most part absent from it. llids chapter, therefore, is
biomass-based subsistence economies, in that about the environment and emerginig
their rural folk eke out a living from products development issues. Our intentioin is not to
obtained directly from plants and animals. For attempt a survey of articles and boxoks on the
examnple. in their informative study of life in subject. We will instead weave an account of
a microwatershed of the Alaknanda river in a central aspect of thlc lives of the rural poor
the central Himalayas in India, the (Indian) in poor countries on thc basis of a wide-
Centre for Science and Environment (C.S.E.. ranging analytical and empirical literature that
1990) reports that, of the total number of has developed quite independently of the
hours worked by the villagers sampled, 30 per subject of development econiomics and the
cent was devoted to cultivation, 20 per cent to Brundtland Report.
fodder collection. and about 25 per cent was
spread evenly between fuel collection, animal 2. What are Environmental Resources?
care, and grazing. Some 20 per cent of time
was spent on household chores. of which Environmental problems are almost always
cooking took up the greatest portion, and the associated witih resources that are regenerative
rernaining 5 per cent was involved in other (we could call them renewvable natural
activities, such as marketing (see also resources), but that are in danger of
Sections 17-18). In their work on Central and exhaustion from excessive use)' The earth's
West Africa, Falconer and Arnold (1989) and atmosphere is a paradigm of such resources.
Falconer (1990) have shown how vital are In the normal course of events. the
forest products to the lives of rural folk. atmosphere's composition regenerates itself.
Come what may. poor countries can be But the speed of regeneration depends upon,
expected to remain largely rural economies among other things, the current state of the
for a long while yet- atmosphere and the rate at which pollutants

The dependence of poor countries on their are deposited. It also depends upon the nature
natural resources. such as soil and its cover, of the pollutants. (Smooke disciarge is
water, forests, animals, and fisheries should different from the release ol' chemicals or
be self-evident: ignore the environmental- radioactive material.) Before all else. we need
resource base, and we are bound to obtain a a way of measuring such resources. In the
misleading picture of productive activity in foregoing exanple. we have to think of an
rural communities there. Nevertheless, if there atmospheric quality index. The net rate of
has been a single thread running through forty regeneration of the stock is the rate at which
years of investigation into the poverty of poor this quality index changes over time.
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Regeneration rates of atmospheric quality are rivers rrom mountain slopcs. This is the
complex. often ill-understood matters. This is obverse of water runoff caused by a lack of
because there is a great deal of synergism vegetationi cover.) Under natural conditions of
associated with the interaction of different vegetationi cover, it can take anything between
types of pollutants in the atmospheric sink, so 100 and 500 years for the formation of I cm
that, for example, the underlying relationships of topsoil. Admitledly, what we are calling
are almost certainly non-linear, and, for 'erosion' is a redistribution of soil. But even
certain compositions, perhaps greatly so. when the relocation is from one agricultural
What are called 'non-linear dose-response field to another, there are adjustment costs.
relationships' in the ecological literature, are Moreover, the relocation is often into the
instances of this.4 But these are merely oceans and non-agricultural land. Thnis
qualifications, and the analytical point we are amounts to erosion.
making, that pollution problems involve the Soil degradation can occur if the wrong
degradation of renewable natural resources, is crops are cultivated. Contrary to general
both true and useful (see Ehrlich, Ehrlich and belief, in sub-tropical conditions most export
Holdren, 1977). crops tend to be less damaging to soils than

Animal, bird, plant, and fish populations are cereals and root crops. (Groundnuts and
are other examples of renewable natural cotton are exceptions.) Many export crops,
resources, and there are now a number of such as coffee, cocoa, oil palm, and tea, grow
studies addressing the reproductive behaviour on trees and bushes that enjoy a continuous
of different species under a variety of root structure and provide continuous canopy
'environmental' conditions, including the cover. With grasses planted underneath, the
presence of parasitic and symbiotic rate of soil erosion that is associated with
neighbours.? Land is also such a commodity, such crops is known to be substantially less
for the quality of amble and grazing land can than the rate of erosion associated with basic
be maintained only by careful use. Population food crops (see Repetto, 1988. Table 2). But
pressures can result in an extended period of problems are compounded upon problems in
overuse. By overuse we mean not only an poor countries. In many cultures the men
unsustainable shortening of fallow periods, control cash income while the women control
but also deforestation, and the cultivation and food. Studies in Nigeria, Kenya, India and
grazing of marginal lands. This causes the Nepal suggest that, to the extent that women's
quality of land to deteriorate, until it incomes decline as the proportion of cash-
eventually becomes a wasteland. cropping increases, the family's nutritional

The symbiotic relationship between soil status (most especially the nutritional status of
quality and vegetation cover is central to the children) deteriorates (Gross and Underwood,
innumerable problems facing sub-Saharan 1971; von Braun and Kennedy, 1986;
Africa, most especially the Sahel.f The Kennedy and Oniang'o, 1990). The indirect
management of the drylands in general has to effects of public policy assume a bewildering
be sensitive to such relationships. It is, for variety in poor countries, where ecological
example, useful to distinguish between, on the and technological factors intermingle with
one hand, a reduction in soil nutrients and norms of behaviour that respond only very
humus, and, on the other, the loss of soil due slowly to changing circumstances.'
to wind and water runoff. The depletion of The link between irrigation and the
soil nutrients can be countered by fertilizers process by which land becomes increasingly
(which, however., can have adverse effects saline has also been much noted in the
elsewhere in the ecological system), but in the ecological literature (see Ehrlich, Ehrlich and
drylands, a loss in topsoil cannot be made Holdren, 1977). In the absence of adequate
good. (In river valleys the alluvial topsoil is drainage, continued irrigation slowly but
augmented annually by silt brought by the remorselessly destroys agricultural land owing
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to the salts left behind by evaporating water. deposited into it. (Here, the symbiotic role of
The surface area of agricLIltural land removed microbes. as in the case of soil, is important.)
from cultivation worldwidc thiroutgh But the effectiveness of the process depends
salinization is thought by some to equal the on the nature of pollutants and the rate at
amount added by irrigation (see United which they are discharged. Moreover, the
Nations. 1990). Desalinization of agricultural recharge rate depends not only on annual
land is even today an enonnously expensive precipitation and the extent or underground
operation. flows, but also on the rate of evaporation.

The environment is affected by the fact This in turn is a function of the extent of soil
that the rural poor are particularly constrained cover. In the drylands, reduced soil cover
in their access to credit, insurance and capital beyond a point lowers both soil moisture and
markets. Becausc of such constraints, the rate of recharge of underground basins,
domestic animals assume a singularly which in turn reduces the soil cover still
important role as an asset (see e.g. more, which in tum implies a reduced rate of
Binswanger and Rosenzweig, 1986; recharge, and so on.' With a lowered
Rosenzweig and Wolpin, 1985; Hoff and underground water table, the cost of water
Stiglitz, 1990; Dasgupta. 1993). But they are extraction rises.
prone to dying when rainfall is scarce. In sub- In fact, aquifers display another
Saharan Africa farmers and nomads, characteristic. On occasion the issue is not
therefore, carry extra cattle as an insurance one of depositing pollutants into them. If, as
against droughts. Herds are larger than they a consequence of excessive extraction, the
would be were capital and insurance markets groundwater level is allowed to drop to too
open to the rural poor. This imposes an low a level, there can be saltwater intrusion in
additional strain on grazing lands, most coastal aquifers, and this can result in the
especially during periods of drought. That this destruction of the basin.
link between capital and credit markets (or Environmental resources, such as forests,
rather, their absence) and the degradation of the atmosphere, and the seas, have multiple
the environmental resource base is competing uses. This accentuates management
quantitatively significant (World Bank, 1992) problems. Thus forests are a source of timber,
should come as no surprise. The environment bark, saps, and, more particularly,
is itself a gigantic capital asset. The portfolio pharrnaceuticals. Tropical forests also provide
of assets that a household manages depends a habitat for a rich genetic pool. In addition,
on what is available to it. In fact, one can go forests influence local and regional climate,
beyond these rather obvious links and argue preserve soil cover on site, and, in the case of
that even the fertility rate is related to the watersheds, protect soil downstream from
extent of the local environmental resource floods. Increased runoff of rainwater arising
base, such as fuelwood and water sources. from deforestation helps strip soil away,
Later in this chapter (Section 17), we will see depriving agriculture of nutrients and clogging
not only why we should expect this to be so, water reservoirs and irrigation systems. The
but we will also study its implications for social value of a forest typically exceeds the
public policy. value of its direct products, and on occasion

Underground basins of water have the exceeds it greatly (see Ehrlich, Ehrlich and
characteristic of a renewable natural resource oldren, 1977; Dasgupta 1982a; Hamilton and
if they are recharged over the annual cycle. King, 1983; Anderson, 1987).
The required analysis is a bit more It is as well to remember that the kinds of
problematic though, in that we are interested resources we are thinking of here are on
in both its quality and its quantity. Under occasion of direct use in consumption (as with
normnal circumstances, an aquifer undergoes a fisheries), on occasion in production (as with
self-cleansing process as pollutants are plankton, which serves as food for fish
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species). and sonim!inies in both (as witli 1991: see Section 16 below). I'aken together,
drinkingi and irrigalion waler). liwir sltok are they rcflcct instittiuionial failures. TIhly will be
measuired in dill'erein ways, depenidinlg ii tlic the object of study in Part Ill of Ithis chaptcr,
resource: in mass tuits (e.g. hioniass unlits lor where we will place thcse matters within the
forests, cowdung and crop rcsidues), in context of the thesis that environmcintal
quality inidices (e.g. water and air quality degradation is a cause of accentuated poverty
inidices), in vtOltUI1e unitis (e.g. acre-fect lor among the rural poor in poor countries.
aquifers), anid so on. Wheln we express Al the same timc, poverty itself can be a
concerin aboul enivironmiienial matters, we in cause of environmental degradation. T'his
effcct poinlt to a decliiic in their stock. But a reverse causality stems from the fact tilat, for
decline in their stock, on its own, is not a poor peoplc in poor countries, a number of
reason for coicern. Iihis is seeCI most clearly cnvironimental resources arc complemcntary in
in the conitext of exiaustible resources, such production and consumptioni to other goods
as fossil fuels. ITo not reduce iheir stocks is to and services, whilc a number of
not use thiem at all, and this is unlikely to be environmental resources supplement income,
the right thinlg to do. In Sectionl 8 we will most especially in titnes of acute economic
appeal to modern wellare econoinic thcory to stress (see e.g. Falconer and Arnold, 1989;
study the basis upoIn wlich their optimal Falconer, 1990). T'his can be a source of
patterns of use should be discussed. But even cumulative causation, where poverty, high
a casual reading ol thc foregoinig examples fertility rates and environmental degradation
suggests that a number of issues in feed upon one another. In fact. an erosion of
environmenital ecoInom1;ics are 'capital- the environmental resource base can make
theoretic'. These issues will be the substance certain categories of people destitutes even
of Part II of this cliapter.l" while the economy on average grows (see

Dasgupta, 1993, Cliapter 16). We will develop
3. Institutional Failure and Poverty as this idea infornally in Sections 16-18.

Causes of Environmental Degradation These two causes of environmental
degradation (namely, institutional failure and

If these were all, life would have been poverty) pull in different directions, and are
relatively simple. But these are not all. together not unrelated to an intellectual
Admitting environmental resources into tension between concerns about externalities
economic modelling ushers in a number of (such as, for example, the increased
additional, potent complications for greenhouse effect, acid rains, and the fear that
development policy. They occur for two the mix of resources and manufactured capital
reasons: institutional failure and poverty. in aggregate production is inappropriate in

The early literature on the subject advanced industrial countries) that sweep
identified failure of market institutions as the across regions, nations and continents: and
underlying cause of environmental problems about those matters (such as, for example, the
(e-g. Pigou, 1920; Meade, 1973: Miler, 1974; decline in firewood or water availability) that
Baumol and Oates, 1975: Dasgupta and Heal, are specific to the needs and concerns of poor
1979: see Section 12 below). Indeed, more people of as small a group as a village
often than not, environmental economics is community. This tension should be borne in
even today regarded as a branch of the mind, and we will elaborate upon an aspect of
economics of external ities. Recently, however, it in the following section, when we come to
certain patterns of environmental deterioration evaluate an empirically-based suggestion by
have been traced to inappropriate government World Bank (1992) concerning the nature of
policies, not market failure (e.g. Feder, 1977; a possible tradeoff faced by poor countries
Dasgupta, 1982a; Mahar, 1988; Repetto, between national income per head and
1988; Binswanger, 1989; Dasgupta and Miiler, environmental quality.
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Environmental problems present 4. Kuznets Curves: Economic Growth and
themselves differently to different people. In the Environment
part it is a reflection of the tension we are
speaking of here. Some people identify In its admirable document on development
environmental problems with wrong sorts of and the environment, World Bank (1992,
economic growth. while others view them Chapter 1) suggests on empirical grounds that
through the spectacles of poverty. We will there is a relationship between gross domestic
argue that both visions are correct: there is no product (GDP) per head and concentration
single environmental problem; rather, there is levels of industrial pollutants. Summarizing
a large collection of them. Thus, for example, the historical experience of OECD countries,
growth in industrial wastes has been allied to the document nirgues that concentrations of a
increased economic activity, and in number of atmospheric pollutants (e.g. sulfur
industrialized countries (especially those in dioxide) are increasing functions of gross
the former Socialist block), neither preventive domestic product (GDP) per head when GDP
nor curati e measures have kept pace with per head is low, and are decreasing functions
their production. These observations loom when GDP per head is high. In short, the
large not only in environmental economics, typical curve has the inverted-U shape (Figure
but also in the more general writings of l). It will be recalled that the so-called
environmentalists in the West. Kuznets Curve relates indices of income

On the other hand, economic growth itself inequality to real national income per head in
has brought with it improvements in the much the samne way. So we will call this
quality of a number of environmental putative empirical relationship between
resources. For example, the large-scale national income per head and concentration
availability of potable water, and the levels of industrial pollutants the
increased protection of human populations Environmental Kuznets Curve.
against both water- and air-borne diseases in Panayotou (1992) has observed the
industrial countries, have in lage measure inverted-U shape in cross country data on
come in the wake of the growth in national deforestation, and emissions of S02, NO., and
income that these countries have enjoyed over SPM (particulate matters). Sweden, for
the past 200 years or so. NIlorover, the example, was found to lie on the downward
physical environment inside the home has part of the curve. Indeed, time series on
improved beyond measure with economic timber stocks and sulfur and nitrogen
growth. (Cooking in South Asia continues to emissions in Sweden, covering the decade of
be a central route to respiratory illnesses the l9S0s, are consistent with this: timber
among women.) Such positive links between stocks have increased, and the emission rates
wealth and environmental quality have not of sulfur and nitrogen have declined. (See
been much noted by environmental also Grossman, 1993.)
economists, nor by environmentalists in Like all broad generalizations in the social
general. We would guess that this lacuna is sciences, the Environmental Kuznets Curve is
yet another reflection of the faict that it is all almost certainly something of a mirage.
too easy to overlook the enormous Nevertheless, the idea behind it has an
heterogeneity of the earth's natural intuitive appeal, since environmental
consumption and capital base, ranging as it commodities are often thought to be luxury
does from landscapes of scenic beauty to goods. We suggested earlier that a number of
watering holes and sources of fuelwood. This them are in fact necessities; most especially
heterogeneity should constantly be kept in
mind.
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Figure 1. Urban Concentretu o! Sulur dioxide

40

10

10D 1.000 10.000 100.000

Per cepth onms (dales No scal)

Source: Wodd Bank (192 Pgs 4)

EullsBIB

for the poor. In fact, such evidence as has do so not because they care 'ess about their
been accumulated (in Sweden and the United well-being, but because the cost of not
States; see Kanninen and Kristrou, 1993) accepting such risks is too high for them: it
suggests that income elasticities of demand means not earning a living. We would
are less than I even for such goods as virgi therefore expect that the income elasticity of
forests and places of scenic beauty (i.e. even demand incrases with income.
these goods are not luxuries). However, this It is possible to provide an explanation of
finding is consistent with the thought that Environmenntal Kumnets Curves at a broader
poor countries cannot afford clean level. We begin by noting that the
technologies because they are expensive. The environmental impacts of economic activity in
latter is in part reflected in the poor countries, being biomass-based
incontrovertible fict that citizens in poor subsistence economies, are limited to their
countries absorb environmental risks that are resource bases and to biodegradable wastes.
not acceptable to their countrpts in rich Now economic development has often been
nations (e.g. safety conditions at work). They accelerated by means of an intensification of
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agriculture and resource extraction. In this these countries consumed (and continue to
phase, therefore, we would not only expect consume) much more energy than the rest of
rates of resource depletion to exceed their Europe." In Sections 10-13 and 16 we will
rates of regeneration, but we would also see analytically why an improvement in
expect the generation of wastes to increase in production efficiency could be expected to be
quantity and toxity. At higher levels of beneficial to the environment, broadly
economic development, however, matters defined, so that even while some resources
should be expected to be different. Structural deteriorate in quality (or reduce in quantity),
change towards information-intensive others would show an improvement, at least
industries and services, coupled with in the long run. However, partial
increased environmental awareness and improvements in prevailing resource
expenditure (allied to stiffer enactments and allocation mechanisms cannot be guaranteed
enforcements of environmental regulations), to enhance environmental quality: if important
would be expected to result in a gradual distortions persist elsewhere in the economy,
decline in deteriorations of the environment. the elimination of market or policy failure in

This is an intuitively plausible scenario. a given sector would not necessarily lead to
But we should be circumspect before using it an improvement in human well-being. This is
to conclude that there are Environmental the central message of the theory of the
Kuznets Curves associated with all second-best in welfare economics.
environmental resources. First of all, the All this has a bearing on structural and
observations are based on the assumption that sectoral adjustment programmes. If they are
environmental damages are reversible. This is carefully designed, such programmes should
true only for some resources, and is not a not be unfriendly towards the environment. 2

good approximation for many others (e.g. Furthermore, the elimination of price
when investment is directed at hydro-electric distortions would make economic analyses of
power, or when the activity extinguishes an environmental problems that much more
entire species). More generally, environmental transparent. In the presence of government-
threshold effects (see Section 14) provide induced distortions, it is often very difficult to
instances where reversibility of the impact of locate the ultimate causes of any particular
economic decisions is not a good assumption. environmental problem. In such situations, the

Second, if there really are quantifiable temptation of governments is to enact ad hoc
relationships between income per head and policies aimed at countering the problem in
environmental quality to be discovered, they question. Over time this can result in a
must surely depend or, other factors as well; patchwork of taxes and subsidies, quotas, and
in particular, the characteristics of growth regulations, so intricate, that it proves
strategies pursued by countries. If economic impossible to devise ways of sustaining
growth were to be encouraged by means of an anything like an optimal pattern of resource
improved institutional structure (e.g. by a use.
removable of large-scale distortions, see Implicit in the Environmental Kuznets
Sections 10-13 and 16), rather than by the Curve depicted in Figure 1 are two key
decimation of forests and extractive ores, then assumptions: (1) the variable measured along
it is not clear if poor countries would face a the horizon+al axis is gross national product
tradeoff between increased national income (GNP) per head, conventionally measured,
and environmental quality. Zylics (1990) has and (2) the vertical axis measures industrial
attributed the high levels of pollution in the pollution. The nature of the tradeoff between
former socialist countries of Europe to the poverty and environmental quality is
adoption of inappropiate industrial conditional on both assumptions. In Sections
technologies. He has argued, for example, that 10-13 and the Appendices, we will focus on
by setting artificially low prices for energy, (1) and study why and how conventionally
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measured GNP ought to be replaced by an fiom that implied by the Environmental
index of real net national product (NNP) that Kuznets Curve. Or so we will argue. In
takes into account depreciation (or Sections 14-18 we will focus on (2) and
appreciation) of the natural-resource base. If develop a point stressed earlier, that as
living standards were to be assessed by a regards local environmental resources (e.g.
correct measure of NNP, then the nature of local forest products, grazing lands, water
tradeoffis between human well-being and sources), the link between poverry and the
environmental quality, even for poor environment is different from that suggested
countries, should be expected to be different in the Environmental Kuznets Curve.



PART II: ENVIRONMENTAL ECONOMICS AS

CAPITAL THEORY

5. The Balance of Materials The arrow labelled 'input' depicts those
inputs into production tial are drawn from the

Every elementary textbook in economics environment. They include mineral ores, oil.
contains a figure illustrating the circular flow timber, fish, agricultural products, air. water,
of goods and services across interdependent and so on. These goods are processed and are
markets. Typically, though, the figure neglects then either sold to households as consumer
the circular flow of goods and bads between goods or converted into capital goods.'3 The
human society and nature, a matter at the box labelled 'production illustrates this.
foundations of environmental economics. In this connection, it is useful to recall the
Figure 2 illustrates the flow of materials First Law of Thermodynamics, which states
between the economy and its supporting eco- that neither matter nor energy can be created
systems. or destroyed, but that each can be transformed

Figure 2
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into a different form of itself'." This means resource allocation theory is innocent of the
that the mass of inputs entering the production Second Law. But this is not so. The
box in Figure 2 must equal the mass of the economics of exhaustible resources, for
outgoing flow. One component of this example, is built on the assumption that the
outgoing flow is the mass of final goods (i.e. integral over time of the flow of
consumption and production goods). The 'consumption' that we derive from such a
other component is the flow of residuals, or resource must be less than or equal to its total
wastes, which is deposited into the environ- available stock. But this in turn assumes that
ment. recycling is not a possiblity - an example of

The same argument can be applied to the the Second Law at work for such
box labelled 'households'. The flow of commodities as fossil fuels and natural gas.
consumer goods entering this box must have (On this, see Dasgupta and Heal, 1979.)
a corresponding flow of residuals ieaving There are several lessons to be drawn from
it.'5 Some of these residuals are transported the exercise we have just conducted with the
to waste-treatment and recycling plants. A key material balance principle, the most important
point to note is that waste treatment does not of which is that an increase in the scale of
reduce the mass of the outgoing stream; it production typically leads to an increase in
transforms the stream into other forms of the mass of inputs, and, thereby, to an
matter. If the treatment is effective, the increase in the load imposed on nature from
transforned matter is tess damaging to the the increased mass of residuals. If economic
environment. But there is no getting away growth were instead to be associated with less
from the fact that the mass that enters material-intensive technologies (e.g. services,
production and consumption must eventually rather than mechanical engineering), then
emerge as residuals. For this reason, the damages to the natural environment would be
equality is called the 'material balance that much less. Admittedly, recycling offers a
principle'." In the box labelled 'capital', the way of reducing the flow of residuals. But
mass of inflows can exceed that of outflows recycling requires energy, and if that energy
by significant amounts. This is because matter were to be obtained from fossil fuels, we
is stored in real capital (e.g. buildings and would be back full circle to the problem we
machinery). There is a sense in which real started with; namely, an increase ii; the flow
capital can be considered as stored natural of residuals, and an eventual increase in the
resources.'7 load borne by the environment.

In addition to providing inputs for The only sources of energy that could
production, the environment also provides a counter this problem are nuclear or solar
broad category of services directly to energy. Nuclear energy, however, raises its
households. They include life supporting owr. problems, and they have been much
services (e.g. clean air, water, climate control, discussed in the envirommental literature.
food), as well as amenities. As a general rule, There remains solar energy. If technological
the discharge of residuals affects the quantity discoveries were to yield effective ways of
and quality of these services. It follows that harnessing solar energy (and ways of
the quality of these services depends upon the exporting the high entropy heat resulting from
amount of matter we extricate from the the use of that solar energy to outer space),
environment. This forms a major concern of then recycling would offer society with a way
ecological economics. of expanding the production base without

Our entire eco-system is driven by current causing damage to the environment But these
and past solar radiation." The concentrated possibilities lie in an unpredictable future.
solar energy is used by natural systems and We may conclude that sustained and
humans, and is degraded in a manner that is uniform growth in production and
governed by the Second Law of Thernodyna- consumption would damage the environment.
mics. It is often suggested that modem However, economic growth also brings in its
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wake a higher material standard of living. As stored as polar ice-caps and in underground
noted earlier, the demand for a better reservoirs. (Only about 0.015 per cent is
environment would be expected to increase available in rivers, lakes and streams.) It is
with growing wealth, and this would induce distributed most unevenly across regions.
structural changes in the economy in a way The three sources of water for any given
that reduces the deletarious effects of living territory are trans-frontier aquifers, rivers
on the surrounding environment. The link from upstream locations, and rainfall. The
between economic growth and environmental water that is available from precipitation
pollution is even today not well understood. comes in two forrms: soil moisture, and the

annual recharge of terrestrial water systeins
6. Needs, Stress, and Carrying Capacity: (aquifers, ponds, lakes, and rivers). Rain-fed

Land and Water agriculture consumes an amount of water
roughly proportional to the produced biomass

How much land does a man need?" Here (the water is returned to the atmosphere as
we will provide some orders of magnitude in plant evapotranspiration). Water can be
tropical subsistence economies, and for recycled, and so the water utilization rate can
simplicity we will ignore uncertainty in be in excess of the water supply. (Israel,
production.20 Libya, and Malta have utilization rates well in

Rice cultivation in the drylands using excess of annual water supplies.) The problem
conventional techniques requires something is that, in semi-arid ard arid regions, losses
like 130 person-days of labour time per due to evaporation from natural vegetation
hectare each year, and it yields about 15 and wet surfaces are substantial, and not
billion joules (GJ), or 1000 kg of rice. If the much effort is made in the poor drylands to
average energy input in cultivation per develop technologies for reducing them (e.g.
working day is taken to be 3 million joules improved designs of tanks and reservoirs).
(MJ), total energy required for cultivation The mean annual precipitation divided by
anounts to 390 MJ, or 0.39 GJ, per hectare mean annual potential evapotranspiration is
over the year. Therefore, the net energy less than 0.03 in hyper-arid regions (annual
produced aTmounts to 14.61 GJ. Assurning an rainfall less than 10 cm). between 0.03 and
individual's energy requirements is 2,200 kcal 0.20 in arid regions (annual rainfall between
per day, a axnily with five riembers would 10 and 30 cm); between 0.20 and 0.50 in
require 17 GJ of f(sud energy per year.21 semi-arid regions (annual rainfall betveen 20
This in turn means that the family would need and 50 cm); and between 0.50 and 0.75 in
approximately 1.2 ha of land to remain in sub-humid regions (annual rainfall between 50
energy balance. Inversely, a family of five and 80 cm). According to most classifications,
would be the carrving capacity of 1.2 ha. this set of regions comprises the drvlands.
Total work input on this amount of land is Within the drylands, rain-fed agriculture is
0.39x1.2 GJ, or approximately 0.5 GJ. suited only to sub-humid regions. Occupying
Therefore, the ratio of energy output to about a third of the earth's land surface, the
energy input in this form of cultivation is drylands are the home of some 850 million
34:1. This is quite high, and compares very people (see Dixon, James and Sherrnan, 1989,
favourably with the energy output-input ratios p. 3).
associated with the technologies available to Losses due to evapotranspiration are
hunter-gatherers, pastoralists and food-garden dependent upon soil cover. It would appear to
systems in fertile tropical coastal areas.22 be at a maximum when the soil moisture is at

Crude, but revealing, calculations of this full capacity (the so called 'field capacity')
kind can also be done for water requirements. and the soil is fully covered with vegetation
While 70 per cent of the earth's surface is (see Penman, 1956). So a reduction in cover
covered by water, about 98 per cent of this is would lower evapotranspiration. But this
salt-water. Most of the earth's fresh water is would be so only upto a point: eco-systems
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are structurally stable only within limited 7. Social Objectives, 1: Sustainable
regions of the space of their underlying Development
parameters.? The idea of 'thresholds effects'
are an instance of this. Thus beyond a point, World Commission (1987) popularized the
losses due to evaporation in the drylands are phrase 'sustainable development' in
accelerated by disappearing biomass. For connection with the use of environmental
example, only about 10-20 per cent of rainfall resources, and it continues to be the focal
finds use in the production of vegetation in point of much of the writings on the
the Sahelian rangelands (where the at,nual environment. Unfortunately, the emerging
rainfall is in the range 10-60cm). Some 60 per literature has in great measure been developed
cent is retumed to the atmosphere as independently of both intertemporal welfare
unproductive evaporation. Irrigation schemes economics and the theory of optimal
in the drylands. bringing water from distant development, two subjects that have provided
parts, is unlikely to be cost-effective. This is us for over twenty-five years a language in
a solution more appropriate to temperate which we may usefully ask questions
zones. It has been argued that, the proportion regarding intergenerational justice. In the
of rainfall in the drylands that is productive event, most writings on sustainable
can be increased to 50 per cent if vegetation development start from scratch and some
is allowed to grow, and if suitable catchments proceed to get things hopelessly wrong. It
are constructed (see Falkenmark, 1986; would be difficult to find another field of
Barghouti and Lallement, 1988). research endeavour in the social sciences that

Some.hing like 1,250 cubic metres of has displayed such intellectual regress.
water per person is required annually for the Much attention has been given to defining
supply of habitats and for the production of 'sustainable development' Consider, for
subsistence crops in the drylands. This does example, the following: "we can summarize
not include the water that is required for the necessary conditions for sustainable
mun.cipal supplies, for industry, and for the development as constancy of the natural
production of cash crops. (Agriculture capital stock; more strictly, the requirement
currently uses about 75 per cent of the for non-negative changes in the stock of
world's use of fresh water, industry about 20 natural resources, such as soil and soil quality,
per cent, and domestic activities the remaining ground and surface water and their quality.
5 per cent.) A community experiences water land biomass, water biomass, and the waste-
stress if. for every I million cubic metres of assimilation capacity of the receiving
water available annually for use, there are environments" (Pearce, Barbier and
600-1,000 persons having to share it. When Markandya. !988, p.6). Or consider instead
more than 1,000 persons are forced to share the passage cited by Solow (1991) from a
every I million cubic metres of water UNESCO document: "every generation should
annually, the problem is one of severe leave water, air and soil resources as pure and
shortage. Currently, well over 200 million unpolluted as when it came on earth".
people in Africa are suffering from water Both passages involve a category mistake,
stress or worse (see Falkenmark, 1989). The the mistake being to identify the determinants
tangled web of population growth, of well-being (e.g. the means of production of
deforestation, water stress, and land the means of production of well-being) with
degradation defines a good deal of the the constituents of well-being (e.g. health,
phenomenon of destitution in the world as we welfare, and freedoms). But leaving that aside
now know it. for the moment, the point is not that

sustainable development, as it is defined by
these authors, is an undesirable goal: rather, it
is an impossible goal. In any event, the focus
of concem should be present and future well-
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being, and methods of determining how well- to experiment with different degrees of
being is affected by policy. History, substitutibility between different generations'
introspection, and experience with analytical levels of well-being. The demands on the
models since the early 1960s tell us that present generation could well be stiffer in this
reasonable development paths would involve framework than that it be required merely to
patterns of resource substitution over time. ensure that some minimum level of well-

To be sure, a number of authors writing on being is guaranteed for future generations.2
sustainable development have recognized that This point of view was adopted by the late
the starting point ought to be the realization Tjalling Koopmans in his formulation of the
of well-being over time. But the thought that, problem of intergenerational justice.
barring exhaustible resources, a just
distribution of well-being implies that all 8. Social Objectives, 2: Optimal
capital stocks ought to be preserved, retains Development, Discount Rates and
an emotional pull. For example, elaborating Sustainability
on the notion of sustainable development, von
Amsberg (1993, pp. 15-6) writes: "Under In a remarkable set of contributions,
(the) guidelines for intergenerational resource Koopmans (1960, 1965, 1967, 1972a,b)
distribution, the endowment of every conducted a series of thought-experiments on
generation would include the sustainable yield intertemporal choice so as to see the
of the earth's natural capital plus the benefits implications of alternative sets of ethical
from resource depletion of natural capital if assumptions in plausible worlds. "
adequate compensation is made to future Underlying Koopmans's programme of
generations ... owning land wvould only include research was the premise that no ethical
the right to harvest the sustainable yield of the judgment in such abstract exercizes as those
land while leaving the capital value intact ... the involving resource-use should be taken as
guidelines for intergenerational resource being decisive. We should instead play off
distribution could be implemented through a one set of ethical assumptions against another
sustainability constraint... The purpose of the within plausible scenarios, see what their
sustainability constraint is to ensure some implications are for the distribution of well-
mi.imum level of welfare of future being, and then appeal to our varied intuitive
generations and a guarantee that a basic stock senses before arguing policy. For example, he
of natural capital is passed on to the next showed (Koopmans, 1965, 1967) that we can
generation." have no direct intuition about the validity of

Two constraints? No doubt some index of discounting future well-beings, unle-s we
natural capital would have to be preserved if know something concrete about feasible
a minimum level of welfare for the future is development paths. As the set of feasible
to be guaranteed. Why then introduce it as an paths in a world with an indefinite future is
additional constraint? Preservation of the enormously complicated, the reasonable thing
index ought to be derivable from the would be to work with alternative discount
optimization exercize. rates on well-being and see what they

A second weakness of the formulation is imply.2 ' Although seemingly innocuous, this
this: it offers no ethical argument for suggestion represents a radical break with a
imposing either of the side constraints A philosophical tradition, stretching from
more general (and intellectually firmer) Ramsey (1928) to Parfit (1984), that has
approach would be to allow future argued against discounting future well-beings
generations' well-beings to be reflected in a without first having studied its distributional
function that is defined over the well-beings consequences across generations in plausible
of all generations. In other words, the idea is worlds- That this tradition is otiose was
to appeal to an aggregate social well-being demonstrated by Mifrlees (1967) and
function. Such a tactic would enable us also Chakravarty (1969), who showed that in
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plausible economic models, not to discount intergenerational equity is valued as an ethical
future well-beings could imply that the goal.29
present generation be asked to save and invest It is as well to begin by noting that
round 50 per cent of gross national product. discount rates in use in social cost-benefit
This is a stiff requirement when GNP is analysis (Sections 10-13) are 'consumption
low7 discount rates'. In first-best situations, they

For simplicity of exposition, let us assume equal 'income discount rates'. (They are also
that population size is constant over time (t), sometimes, misleadingly, called 'social
and that generation t's well-being is an discount rates', and are different from market
increasing function of its level of consumption interest rates in second-best situations; see
(C1), which we denote by W(C1). We assume below.) If consumption is expected to grow,
time to be continuous. Let r. be the set of then the discount rate used in cost-benefit
feasible consumption paths - from the present analysis would be positive even if o were
to the indefinite future -, and let rw be the taken to be zero. This follows from the strict
corresponding set of well-being paths. We concavity of W(C). To see this, recall that, in
take it that there is no uncertainty, and that discrete time the consumption rate of discount
rw is bounded. Imagine that there is an at time t is the marginal social rate of
underlying ethical preference ordering defined indifferent substitution between consumption
over rw. Alternative policies are therefore to at times t and t+I minus 1. This means that it
be evaluated in terms of this ordering. is the percentage rate of decline in discounted
Koopmans (1960) showed that under a marginal well-being over the interval [t, t+1].
plausible set of assumptions, this ordering car. Let p, denote this. Reverting to continuous
be represented by a numerical functional time and the 'utilitarian' form in (1), it is an
(which we may call aegreaate well-bein) easy matter to confirm that
possessin the 'utilitarian' form: p, = p(C) = S + a(CQ[dC,/dtI/C(2)

7UhW(CJexp(-8t)dt, where S > 0?' () where a(C,O is the elasticity of marginal
Now (1) may look like classical well-being at t (see e.g. Arrow and Kurz,

utilitarianism, but it is not. There is nothing in 1970). Moreover, along a full optimum, the
the Koopmans axioms to force a utilitarian consumption rate of discount equals the
interpretation upon W. Moreover, (1) involves productivity of capital (i.e. the social rate of
discounting future well-beings at a constant retum on investment). This is the famous
rate (b > 0). In short, positive discounting of Ramsey Rule.
well-being is seen to be an implication of a Iso-elasticity offers a simple, flexible form
set of ethical axioms that, at face value at of W(.). So let us assume that
least, would appear to have nothing to do W(C) = - C'' where a is a positive
with discounting. constant. (3)

When conducting analytical experiments In this case the optimality criterion
with alternative assumptions embedded in (1), reflected in (1) depends only upon two
it makes sense to go beyond the Koopmans parameters: a and & Obviously, the larger is
axioms and allow for consideration the case 6, the lower is the weight awarded to future
where S = 0. It also makes sense to go generations' well-beings relative to that of the
beyond the axioms and to consider unbounded present generation. The moral of Mirrlecs's
well-being functions. This way we are able to (1967) computations was that introducing this
test models to see what all this implies for sort of bias would be a way of countering the
public policy and the choice of discount rates advantages to be enjoyed by future
in social cost-benefit analysis. On the other generations, should the productivity of capital
hand, purposeless generality should be and technological progress prove to be
avoided. So we will assume that W(C) is powerful engines of growth in well-being.
strictly concave, to give shape to the idea that Nevertheless, consider the case o = 0. As

an example, let us assume that a =- 2.5 (a not
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implausible figure if W(C) were to be based the optimality criterion reflected in (1). On
on revealed preferences). If the rate of growth the other hand, if o were positive, low
of optimum consumption at t is. say. 2 per consumption rates by generations sufficiently
cent, then p, = 5%. It will be noticed that the far in the future would not be penalized by
larger is a. the more egalitarian is the optimal (1). This means that unless the economy is
consumption path. As a -. a, the well-being sufficiently productive, optimal consumption
functional represented in (I) resembles more will tend to zero in the very long run. As an
and more the Rawisian maxi-min principle as illustration of how critical 6 can be, Dasgupta
applied to the intergenerational distribution of and Heal (1974) and Solow (1974a) showed
consumption (and thus well-being). This in in a model economy with exhaustible
turn means that, even in productive resources that optimal consumption declines
economies, optimal growth in consumption is to zero in the very long run if 6 > 0, but that
slow if ao is large. In the limit, as ct -> &i, it increases to infinity if 6 = 0. It is in such
optimal growth is zero. From equation (2), we examples that notions of sustainable
can now see wvhy the consumption rate of development can offer some cutting power. If
discount is bounded (and how it manages to by sustainable development we wish to mean
equal the productivity of capital) even in these that the chosen consumption path should as a
extreme parametric terrains. (On this, see minimum never fall short of some stipulated,
Dasgupta and Heal, 1979. Chapters 9-10.) positive level, then it follows that the value of

Social discount rates are percentage rates 6 would need to be adjusted downward in a
of change of intertemporal relative shadow suitable manner to ensure that the optimal
prices. It follows that, unless the optimizing consumption path meets with the requirement.
economy is in a steady state, social discount This was the substance of Solow's remark
rates typically depend upon the numeraire that (see Solow, 1974b) that, in the economics of
has been adopted.0 As equation (2) makes exhaustible resources the choice of 6 can be
clear. the well-being discount rate differs from a matter of considerable moment.
consumption rates of discount. This is not an On the other hand, by sustainable
obvious point, and it continues to be development we could mean something else:
misunderstood in a good deal of the we could mean that well-being (and,
environmental literature that is critical of therefore, consumption) must never be
social cost-benefit analysis (see e.g. Daly and allowed to decline. This is a stiffer
Cobb, 1991). Modem philosophers writing on requirement than the one we have just
the matter make the same mistake and considered. If 6 is less than the productivity
conflate well-being and consumption rates of of capital, the valuation criterion reflected in
discount- They argue that 6 should be zero (I) ensures that the optimal consumption path
and then criticize the practice of discounting will satisfy the requirement. This follows
future flows of consumption in social cost- immediately from equation (2) and the
benefit analysis (see e.g. Parfit, 1984; Cowen Ramsey Rule. We may therefore conclude
and Parfit, 1992). that the Koopmans programme is all-

Although simple. the Koopmans encompassing, and that concepts of
fornulation spans a rich variety of ethical 'sustainability' are useful in pruning out of
considerations. Among other things, it tells us consideration those consumption paths that
that consumption rates of discount do not are ethically indefensible on prima facie
reflect primary value judgements: they are grounds. In Sections 10-12 and Appendix 2
derived notions. They are essential when we we will study the implications of this
try to implement optimal policies by means of framework for social cost-benefit analysis and
cost-benefit analysis of projects. national income accounting, both of which are

Notice that in equation (3). W(C) is central to the evaluation and choice of public
unbounded below. If 5 = 0, this ensures that policies.
very low consumption rates are penalized by
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9. Second-Best Optima, Global Warming, We have seen earlier why this would be a
and Risk wrong thought. Oii the otlher hand, using a

constant discount rate for the purposes of
Analysing full optima (i.e. first-best simulation in the economics of global

allocations) helps fix ideas. In reality, a vast warming is not sound either. If global
array of forward markets are missing (due to wanning is expected to lead to declines in
an absence of property rights, transaction (weighted) global consumptioni over some
costs, or whatever). It is a reason why, extended period in lhe distant fliture, then the
typically, market rates of interest ought not to logic underlying fornula (2) would say that
be used in discounting future incomes in the over this same extended pcriod consumotion
social evaluation of projects and policies. rates of interest could well be negative If this

The phenomenon of global warmning offers were so (and it would certainly be so if 8 =
a good instance of what this can imply. As 0). then from our current viewpoint future
we noted in Section 2 (see also Sections 13 losses due to global warning could well be
and 20), the atmosphere is a global commons amplified; they would not be reduced to
par excellence, and greenhouse emissions are negligible figures by the relentless application
a byproduct of production and consumption of a constant and positive discount rate. It is
activities. In short, there is 'market failure'. then entirely possible that far mnore aggressive
Social cost-benefit analysis needs to be policies than are implied by current
undertaken with these failures in mind. simulation models to combat global warining
Consider then that a number of simulation are warranted.
studies on the economics of global warining Introducing risk into the theory of optimal
(e.g. Nordhaus, 1990) have indicated that the development raises additional questions, and
social costs of doing much to counter the avoiding future disasters that could arise from
phenomenon in the near future would far global warning provides another reason why
exceed the benefits, because the benefits (e.g. more aggressive current action may be called
avoiding the submergence of fixed capital in for. Here lies another weakness of most
low-lying areas, and declines in agricultural numerical models of global wanning (e.g.
outputs) would appear only in the distant Nordhaus, 1990): all estimates are point
future (viz. a hundred years and more). In estimates, and so the downside of risky
these studies future costs and benefits, when situations do not get to play a role. The theory
expressed in terms of income, are discounted of rational choice under uncertainty (i.e. the
at a positive rate over all future periods, even von Neumann-Morgenstem-Savage theory)
when doing nothing to combat global instructs us to expand the space of
warming is among the options that are being commodities and services by including in
considered. their description the event at which they are

These results, quite rightly, appear as made available. It tells us that the appropriate
something of a puzzle to many. They imagine generalization of (1) is the expected value of
that global wanning will result eventually in the sums of flows of (possibly discounted)
declines and dislocations of incomes, well-being.
production, and people; and yet they are Optimal development when future
informed that 'economic logic' has been technology is uncertain has been much
shown to cast a damper on the idea that studied within this framework (see e.g.
anything really drastic needs to be done in the Phelps, 1962; Mirrlees, 1965, 1974: Levhari
immediate future to counter it. Perhaps then, and Srinivasan, 1969; Halhn. 1970: Dasgupta
or so it is on occasion thought, when and Heal, 1974; Dasgupta. Heal and
deliberating environmental matters, we ought Majumdar, 1977). Risk of extinction of the
to use social rates of discount that are human race provides an additional reason for
different from those in use in the evaluation discounting future well-beings. If the
of other types of economic activity. possibility of extinction is judged to be
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approximately a Poisson process, then the numbers of species), and about future needs,
modification is especially simple: it involves wants, technology, climate, and so forth, need
increasing the well-being discount rate by the to be introduced; say, in terms of the expected
probability rate of exlinction (see e.g. value of aggregate well-being. But this is on!,y
Mirrlees, 1967; Dasgupta, 1969, 1982a). We to remind us of a central truth: the worth of
will identify a number of the salient features keeping future generations' options open
of optimal development paths under should be seen as a derived value. In other
uncertainty in Appendix 2 (Section A2.4). words, the worth should be assessed in terms

Uncertainty about future possibilities and of an overarching notion of aggrcgate well-
the fact that economic decisions can have being. The theory of option values (see
irreversible impacts. together provide us with Section 12) is based on this insight.
a reason to value flexibility (Arrow and
Fisher, 1974; Henry, 1974). The underlying 10. Project Evaluation and the
idea is that the present generation should Measurement of Net National Product
choose its policies in a way that helps
preserve future generations' options. There are two ways of assessing changes
Environmentalists have frequently interpreted in aggregate well-being. One would be to
the idea of sustainable development in this measure the value of changes in the
light. constituents of well-being (utility and

One way of formulating the idea of freedoms), and the other would be to measure
keeping future options open is to study the the value of the alterations in the commodity
structure of rc (which, recall, is the set of deterninants of well-being (goods and
feasible consumption paths, from the present services that are inputs in the production of
to infinity) in terms of the resource and well-being). The former procedure measures
capital base a generation inherits from the the value of alterations in various 'outputs'
past, and to consider only those actions on the (e.g. indices of health, education, and other
part of the generation that, as a minimum, social indicators), and the latter evaluates the
preserves rc. Thus, writing by K and S the aggregate value of changes in the 'inputs of
stocks of manufactured capital (including the production of well-being (viz. real
knowledge and skills) and environmental national income). A key theorem in modem
resources, respectively, let r&uts, ) denote resource allocation theory is that, provided
the set of feasible consumption paths defined certain technical restrictions are met, for any
over [t, o). To preserve future generations' conception of aggregate well-being, and for
options would be to insist that r'cc FcVl' for any set of technological, transaction,
t > 0. This idea was suggested by Dasgupta information, and ecological constraints, there
and Heal (1979, Chapter 9) and subsequently exists a set of shadow (or accounting) prices
explored by Solow (1991). of goods and services that can be used in the

There are two problems with it. First, but estimation of real national product. The index
for the simplest of economies (e.g. the one- in question has the following property: small
good economy in Solow, 1956), rF'(K a) is investment projects that improve the index are
so complicated a set, that, nothing directly can at once those that increase aggregate well-
be gleaned about the nature of policies that being.3' We may state the matter more
preserve options. Second, and more generally: provided the set of accounting
importantly, it is an unsatisfactory approach to prices is unaffected, an improvement in the
the notion of intergenerational justice, because index owing to an alteration in economic
it pays no heed to the worth of options. But activities reflects an increase in aggregate
worth cannot be measured except in terms of well-being. This is the sense in which real
well-being. So we are back full circle to national income measures aggregate well-
notions of aggregate well-being. To be sure, being. Moreover, the sense persists no matter
uncertainties about current stocks (e.g. what is the basis upon which aggregate well-
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being is founded. In particular, the use of ethics. Its justification rests on a technical
national income in measuring changes in result in economics, and is indepcndent of the
aggrcgate well-being is not restricted to ethical stance that is adopted.
utilitarian ethics. To be sure, if real national income is to

The theorem should be well-known, but it reflect aggregate well-being, accounting prices
oftlen goes unrecognized in development should be used. Recall tial the accounting
economics, and today the use of real national price of a resource is the increase in thie
income as an indicator of economic maximum value or aggregate well-being if a
developmenit is held in disrepute. For unit more of the resource were made available
example. Anand and Ravallion (1993) costiessly. (it is a Lagranige multiplier.)
criticize the use of national income in Accounting prices are, therefore, the
assessing relative well-beings in poor differences between market prices and
countries, on grounds that income is a optimum taxes and subsidies. This provides us
measure of opulence. and not of well-being with the sense in which it is important for
(nor, as they say, of 'capability'; see Sen, poor countries to 'get their prices right'.
1992). They assert that using the former for Moreover, by real national product for an
the purposes of measuring the latter intertemporal economy, we mean real net
constitutes a philosophical error, and imply national product (NNP). The accounting value
that development planners would have been of the depreciation of fixed capital (and by
better placed to make recommendations in this we mean both manufactured and natural
poor countries if they had only read their capital) needs to be deducted if the index of
Aristotle. The authors divide national income national product is to play the role we are
into personal income and public services, and assigning to it here (see Dasgupta and Heal,
show that there are a number of countries 1979; Hartwick, 1990; Dasgupta and Miler,
with a better-than-average personal income 1991; Miler, 1991; Lutz, 1993). Thus, NNP,
per head that display worse-than-average when correctly measured, reads as follows:
social indicators, such as health and basic
education. NNP = Consumption + net investment in

But it has long been a tenet of resource physical capital + the value of the net change
allocation theory that public health and basic in human capital + the value of the net
education ought not to be a matter of private change in the stock of natural capital - the
consumption alone. One reason for this view value of current environmental damages. (4)
is that they both display strong externalities,
and are at once merit goods (Musgrave, We are regarding consumption as the
1959). Another reason is that the credit and numeraire in our measure of NNP. So the
savings markets work especially badly for the 'values' referred to in equation (4) are
poor in poor countries. In short, the theory consumption values, and they are evaluated
has always infonned us that a community's with the help of shadow prices. In Appendix
personal consumption would not tell us much 2 we will present an account of how net
about its health and education statistics. As national product ought ideally to be computed
this is standard fare in public economics, one in an intertemporal economy. We will study
can but conclude that if the majority of poor an optimizing economy there. The
countries have a bad record in the provision optimization exercize enables one to estimate
of public services, it is not due to accounting prices. These prices can then in
philosophical error on the part of their principle be used for the purposes of project
leaderships, nor a lack of knowledge of and policy evaluation even in an economy
resource allocation theory: it is something that is currently far off the optimum (see e.g.
else. In any event, reliance on national Little and Mirrlees, 1974; Squire and Van der
income as an indicator of aggregate well- Taak 1975).
being does not reflect any particular brand of
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An alternative way is to think of public turn that wrong sets of projects get chosen -
policy as a sequence of refonns. Accounting in both the private and public sectors.
prices in this framework would be estimated The extent of the bias will obviously vary
from the prevailinp structure of production from project to project, and from country to
and consumption (and not from the optimum). country. But it can be substantial. In their
If the economy has a convex structure, then a work on the depreciation of natural resources
sequence of such reforms would in principle in Costa Rica, Solorzano et al. (1991) have
take the economy ultirrately to the optimum estiinated that, in 1989 the depreciation of
(see e.g. Dasgupta, Mvlarglin and Sen, 1972; three resources - forests, soil, and fisheries -
Ahmad and Stenr. 1990). Expression (4) amounted to about 10% of gross domnestic
reflects the correct notion of NNP in both product and over a third of gross capital
frameworks.?2 accumulation. Resource-intensive projects

It is useful to note here that the convention look better than they actually are. Installed
of regarding expenditures on public health technologies are usually unfriendly towards
and education as part of final demand the environment.
implicitly equates the cost of their provision
with the contribution they make to aggregate 11. Biases in Technological Adaptation
well-being- This in all probability results in an
underestimate in poor countries.33 We should One can go further: the bias extends to the
note as well that current defensive prior stage of research and development.
expenditure against damages to the flow of When environmental resources are
environmental amenities ought to be included underpriced, there is little incentive on
in the estimation of final demand. Similarly, anyone's part to develop technologies that
investment in the stock of environmental economise on their use. The extent of the
defensive capital should be included in NNP. distortion created by this underpricing will

By 'investrnent', we mean the value of net vary from country to country. Poor countnes
changes in capital assets, and not changes in inevitably have to rely on the flow of new
the value of these assets. This means that knowledge produced in advanced industrial
anticipated capital gains (or losses) should not economies. Nevertheless, poor countries need
be included in NNP (see Appendix 2). As an to have the capability for basic research. The
example, the value of the niet decrease in the structure of shadow prices there is likely to be
stock of oil and natural gas (net of new different from those in advanced industrial
discoveries, that is) ought to be deducted from countries, most especially for non-traded
GNP when NNP is estimated. Answer to the goods and services. Even when it is publicly
question as to how we should estimate NNP available, basic knowledge is not necessarily
should not be a matter of opinion today: it is usable by scientists and technologists, unless
a matter of fact. they themselves have a feel for basic research.

Current estimates of NNP are biased Often enough, ideas developed in foreign
because depreciation of environmental lands are merely transplanted to the local
resources is not deducted from GI'P. Stated economy; whereas, they ought instead to be
another way, NNP estimates are biased modified to suit local ecological conditions
because a biased set of prices is in use. Prices before being adopted. This is where the use of
imputed to environmental resources on site shadow prices is of help. It creates the right
are usually zero. This amounts to regarding set of incentives both among developers and
the depreciation of environmental capital as users of technologies. Adaptation is itself a
zero. But these resources are scarce goods, so creative exercise. Unhappily, as matters stand,
we know that their shadow prices are positive. it is often bypassed. There is loss in this.
Profits attributed to projects that degrade the There is fiurther loss associated with a
environment are therefore higher than the different kind of bias: that arising from biased
social profits they generate. This means in demand. For example, wherever household
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demands for goods and services in the market environmental resource base (Sections 1-2).
reflect in the main male (or for that matter, Losses in well-being due to an underpricing
female) concerns, the direction of of this base are absorbed by them
technological change would be expected to disproportionately. The estimation of
follow suit. Among poor countries, we would accounting prices of environmental resources
expect technological inventions in farm should now be high on the agenda of research
equipment and techniques of production to be in the economics of poor countries.
forthcoming in regions where cultivation is a
male activity (there would be a demand for 12. Environmental Accounting Prices: the
them): we would not observe much in the Valuation Problem
way of process innovations in threshing,
winnowing, the grinding of grain in the home, How we should estimate accounting prices
and in the preparation of food. Thus, cooking is a complex question. But it is not unifornly
in South Asia is a central route to respiratory complex. There are now standard techniques
illnesses among women: women sit hunched of evaluation for commodities like irrigation
over ovens fuelled by cowdung. or wood, or water, fisheries, timber, and agricultural
leaves. It is inconceivable that improvements soil.' The same techniques can be used for
in design are not possible to realize. But estimating losses associated with water-
entrepreneurs have little incentive to bring logging and overgrazing. They rely on the
about such technological innovations. fact that the environmental resources in
Household demand for them would be question are inputs in thu production of
expected to be low. tradeable goods. As long as the flow of all

The argum,ient extends to collective activity other inputs in production are held constant,
in general, and State activity in particular. In the accounting value of changes in their
poor communities, men typically have the supply can be estimated directly from the
bulk of the political voice. We should then value of the resulting changes in outputs.
expect public decisions over rural invesZt'ent For commodities such as firewood and
and environmental przservation also to be drinking and cooking water, the matter is
guided by male preferences, not female needs. more complex: they are inputs in household
Over afforestation in the drvlands, for production.35 This means that we need
example, we should expect women to favour estimates of household production functions.
planting for fuelwood and men for fruit trees, As an example, transportation costs (in
because it is the women and children who particular energy costs as measured in
collect fuelwood, while men control cash calories) for women and children would be
income. And fruit can be sold in the market. less were the sources of fuelwood and water
Such evidence on this as we are aware of is not far away and receding. As a first
only anecdotal. But as it is confirmed by approximation, the value of water or fuelwood
theory, it is reasonabie to imagine that this resources for household production can be
must quite generally be true. estimated from these energy needs. In some

Such biases in NNP as we have identified situations (as on occasion with fuel-wood), the
here occur in advanced industrial countries as resource is a substitute for a tradable input
well. So then why do we stress their (for example, paraffin or kerosine); in others
importan.es in the context of poor countries? (as with cooking water) it is a complement to
The reason is that poor people in poor tradable inputs (for example, food grain).
countries cannot cope with the same margin Such facts allow us to estimate accounting
of error as people living in rich countries can: prices of non-marketed goods in terns of the
a 10% drop in the standard of living imposes accounting prices of marketed goods (see
greater hardship on a poor household than a Miler, 1974). In Appendix I we will develop
rich one. Recall too that the rural poor are the household production function approach to
especially dependent upon their local
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the estimation of accounting prices in greater most profitable commercially for the
detail."' intemational whaling industry to agree on a

The approach outlined above allows us to moratorium until the desired long run
captLlre only the known use-value of a population size were reached, and for the
resource. As it happens, its shadow price may industry to subsequently harvest the creatures
well exceed this. Why? The reason is that at a rate equal to the population's sustainable
there may be additional values emLodied in a yield.37 In other words, preservation is
resource stock. One additional value, recommended solely on commercial ground.
applicable to living resources, is their intrinsic But if preservation is justified when the
worth as living resources. (It is absurd to shadow values of blue whales are estimated
suppose that the value of a blue whale is from their market prices. the recommendation
embodied entirely in its flesh and oil, or that would, obviously, be reinforced if their
the value of the 'game' in Kenyan safari intrinsic worth were to be added. This was the
parks is simply the present-discounted value point of Spence's exercize.
of tourists' willingness-to-pay.) The idea of There is another source of value of
'intrinsic worth' of living things (sometimes environmental resources, which is more
called their 'existence value') is inherent not amenable to quantification. It arises from a
only within traditional religious systems of combination of two things common to them:
ethics, but also in the modem 'utilitarian' uncertainty in their future use-values, and
tradition. Therefore, the qestion is not so irreversibility in their use. (Genetic material in
much whether living things possess intrinsic tropical forests provides a prime example.)
worth, but rather, about ways of assessing this The twin presence of uncertainty and
worth. It is almost impossible to get a irreversibility implies that, even if the
quantitative handle on intrinsic worth. So the aggregate well-being function were neutral to
right thing to do is to take note of it, keep an risk, it would not do to estimate the
eye on it, and call attention to it in public accounting price of an environmental resource
debate if the resource is threatened with solely on the basis of the expected benefit
extinction. from its future use. Irreversibility in its use

What is the point of basing shadow prices implies that preservation of its stock has an
solely on use-value when we know that additional value - the value of extending
resources often possess intrinsic value as society's set of future options. (We discussed
well? It is that such estimates provide us with this in a wider context in Section 9.) Future
biased shadow prices, and this can be useful options have an additional worth because,
information. For example, in his classic paper with the passage of time, more information is
on the optimal rate of harvest of blue whales, expected to be forthcoming about the
Spence (1974) took the shadow price of these resource's use-value. This additional worth is
creatures to be the market value of their flesh, often called an option value. The accounting
a seemingly absurd and repugnant move. But price of a resource is the sum of its use-value
he showed that under a wide range of and its option value."
plausible parametric conditions, it would be



PART III: POVERTY, INSTITUTIONS,

AND THE ENVIRONMENT

13. Markets and their Failure: Market failure is prominent in those
Unidirectional and Reciprocal hidden interactions that are unidirectional: for
Externalities example deforestation in the uplands, which

can inflict damages on the lowlands in
All this has been from what one may call watersheds."9 It pays first to concentrate on

the 'programming' or 'operations research' the assignment of property rights before
side of things. It is an essential viewpoint, but seeking remedies. The common law in many
it is limited. By way of its complement, there poor countries, if we are permitted to use this
is the institutional side, with all its attendant expression in a universal context, de facto
difficulties. We earlier observed that the recognizes polluters' rights, and not those of
market price of environmental resources in the pollutees. Translated into our present
situ is often nil, even though they are clearly example, this means that the timber merchant
of value. Why? The blanket answer is 'market who has obtained a concession in the upland
failure', but the sharper answer is provided by forest is under no obligation to compensate
environmental externalities, arising from farmers in the lowlands. If the farmers wish
incomplete property rights and informnation to reduce the risk of heightened floods, they
and transaction costs. We turn to this. will have to compensate the timber merchant

By a market we will mean an institution for reducing the rate of deforestation. Stated
that makes available to interested parties the this way, the matter does look morally
opportunity to negotiate courses of action. bizarre, but that is how things would be with
Now interested parties would bc unable to polluters' rights. Had property rights been the
negotiate courses of actions if property rights other way round, i.e. one of pollutees' rights,
were to be either incompletely specified, or the boots would have been on the other set of
insubstantially enforced (see below). feet, and it would have been the timber
Furthermore, market outcomes (i.e. the merchant who would have had to pay
outcome of private, decentralized compensation to the farrners for the right to
negotiations) are typically inefficient if much inflict the damages that go with deforestation.
information of relevance to the negotiation However, even if the law were to see the
process is privately held. Environmental matter in this light, there would be
resources, by virtue of their physical enforcement problems. When the cause of
characteristics, present especial difficulties in damages is hundreds of miles away, when the
each of these regards. Consequently, markets timber concession has been awarded to public
for environmental resources often do not land by govemment, and when the victims are
exist, and they are prone to malfunction when thousands of impoverished farners, the issue
they do exist. In this section we will focus on of a negotiated outcome does not usually
the implications of incomplete markets. In arise. Judged even from the viewpoint of
Sections 14-16 and IS we will touch upon the Pareto efficiency, a system of polluters' rights
implications on the design of institutions of in such an example would be disastrous. The
the fact that much information is privately- private cost of logging being lower than its
held. We will note there that certain pattems social (or accounting) cost, we would expect
of 'centralized' coordination are required as excessive deforestation.
supplements to markets. But for reasons of When the shadow prices of environmental
space, our treatmnent will be sketchy. (On the resources are higher than their market prices,
design of resource allocation mechanisms, see resource-based goods can be presumed to be
e.g. Groves and Ledyard, 1977; d'Aspremont underpriced in the market. Naturally, the less
and Gerard-Varet, 1979; Dasgupta, Hammond roundabout, or less 'distant', is the production
and Maskin, 1979, 1980; Dasgupta, 1980; of the final good from its resource base, the
Laffont and Maskin, 1982; Farrell, 1987.) greater is this underpricing, in percentage



Part Ill. Poverty, Inst ittionas, and the Environment 23

terms. Put another way, the lower is the define (e.g. in the case of mobile resources,
value-added to the resource, the larger is the such as air). Even when definable, they are on
extent of this underpricing of the final occasion difficult to enforce (e.g. in the case
product. We may then conclude that, when of forest products in mountainous terrains).
unidirectional extemalities are present in However, unlike public goods, consumption
countries that export primary products, tlmert of common property resources is rivalrous: it
is an implicit subsidy on such products, is possible for at least one party to increase its
possibly on a massive scale. Moreover, the consumption at the expense of others'
subsidy is paid not by the general public via consumption of them. Resources such as local
taxation, but by some of the most forests, grazing lands, village ponds, and
disadvantaged members of society: the rivulets, are often common property because
sharecropper, the small landholder or tenant that is how they have been since time
farmer, the forest dweller, the fisherman, and immemorial. Moreover, in poor countries they
so on. The subsidy is hidden from public have remained common property for long
scrutiny; that is why nobody talks of it. But it because they are basic needs and are at the
is there. It is real. We should be in a position same time geographically contained. Rivers
to estimate such subsidies. As of now, we may be long, but they are narrow, and do not
have no estimate.40 run through everyone's land. Upstream

In some parts of the world, community farners would have untold advantages over
leaders, non-government organizations, and a downstream farmers were they in a position
free press (where they exist) have been to turn off the 'tap'. Exclusive private
known to galvanize activity on behalf of the territoriality over them would leave non-
relatively powerless pollutees. In recent years owners at the mercy of the owners at the
this has happened on a number of occasions 'bargaining table', most especially in societies
in different contexts. One of the most where markets are thin. No society could risk
publicized has been the Chipko Movement in the institution of private-property rights over
India, which involved the threatened such resources.4 ' However, unless there is
disfranchisement of historical users of forest collective action at some level, a common
products. This was occasioned by the State's property is over-exploited: the private cost of
claiming its rights over what ,gas stated to be using the resource falls short of its shadow
'public property' and then embarking on a price. This was the point of Scott Gordon's
logging operation. The connection between article (see Gordon, 1954; see also Scott,
environmental protection and civil and 1955; Milliman, 1956). It was popularized
political rights is a close one. As a general subsequently by Hardin (1968), who coined
rule, political and civil liberties are the phrase, 'the tragedy of the commons'.42
instrumentelly powerful in protecting the Economic analysis is thought by some to
environmental-resource base, at least when have implied that common-property resources
compared with the absence of such liberties in can be managed only through centralized
countries run by authoritarian regimes (see coordination and control, where by a
Dasgupta, 1993). 'centralized agency' is meant the government,

We will see in Section 16 that matters can or some agency external to the community of
be quite different for economic and ecological users. Referring to solutions to the problem of
interactions that are reciprocal. Here, each the commons in the theoretical literature,
party's actions affect all. Reciprocal Wade (1987, p. 220) writes: "The prevailing
externalities are the hallmark of common answer runs as follows: when people are in a
property resources, such as grazing lands, situation where they could mutually benefit if
forests, fisheries, the atmosphere, aquifers, all of them restrained their use of a common-
village tanks, ponds, and lakes. They are often pool resource, they will not do so unless an
common property because private property extemal agency enforces a suitable rule." And
rights are for a number of reasons difficult to he proceeds to describe enforcement
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mechanisms in his sample of villages which been one of the pleasing features of modem
do not rely on external agencies. economic analysis.

This is a bad reading of modem economic Public concerns about cnvironmental
analysis. The theory of gamnes has unravelled degradation are often prompted by disasters,
a number of institutional mechanisms (ranging such as nuclear leakage or floods.44 The
from taxes to quantity controls) that can in environmental impact of large undertakings
principle support effective allocations of (e.g. dams and irrigation systems, such as the
common property resources. The theory Nannada Project in India) also catch the
makes clear, and has made clear for some public eye. This is not surprising. Large-scale
time, that enforcement of the controlled effects caused by single happenings are easy
allocation can in a variety of circumstances be to detect. They thereby invite debate. In
undertaken by the users themselves (see contrast, the examples of environmental
Dasgupta and Heal, 1979, Chapter 3). In externalities offered for study here are not so
many cases, such participatory arrangements easy to detect. They often involve large
of control may well be the most desirable numbers of resource users, each inflicting
option (see below).43 only a tiny damage on each of the others,

Common-property problems can rear their which, however, sum to a substantial amount.
head through all sorts of unsuspected sources. It would seem that much of the environmental
The introduction of cotton as an export crop degradation in poor countries is due to this
in Tanzania was successful in increasing kind of subtle interaction, and not due to large
farmers' incomes. But other than for the projects (see Repetto, 1988).
purchase of cattle, there were few alternative
forms of saving. The quantity of livestock 14. Property Rights, Coase's Theorem, and
increased significantly, placing communal Non-Convexities
grazing lands under stress - to the extent that
herds declined through an increase in their Modem resource allocation theory is in
mortality rate. great part grounded on the assumption that

As always, monitoring, enforcement, technological transformation possibilities,
information, and transaction costs play a ecological interactions, and individual
critical role in the relative efficacy of the preferences are all convex.45 Two of the
mechanisms that can be used for controlling fundamental theorems of economics concem
common-property resources. It matters the existence of competitive equilibrium
whether the common property is allocations and the implementation of Pareto-
geographically contained (contrast a village efficient allocations by means of competitive
pond with the open seas); it matters whether markets. Both require the convexity
the users know one another and whether they assumption.4" They also require that all
are large in number (contrast a village grazing commodities and services have competitive
ground with a tuna fishery); and it matters markets. In this section we will first study the
whether individual use can easily be link between property rights and market
monitored, so as to prevent 'free-riding' exchanges, and then discuss the limitations of
(contrast the use of a village tube-well with the convexity assumption in environmental
littering the streets of a metropolis; or the economics.
gazing of cattle in the village commons with In the previous section we studied the
firewood collection from forests in implications of an absence of certain types of
mountainous terrain). We will have something markets. We noted there that interested parties
more to say on methods of control in Sections would be unable to negotiate efficient courses
14 and 16. The confirmation of theory by of actions if property rights were either
current evidence on the fate of different incompletely specified or insubstantially
categories of common property resources has enforced. The link between property rights,

tnsaction costs, and the nature of resource
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allocations was studied in a famous article by two curves is independent of whether A has
Coase (1960), who attempted to demonstrate the right to pollute or whether B has the right
the neutrality of the assignment of initial not to be polluted.47 If transaction costs are
property rights on allocative efficiency, nil, then bargaining between the two parties
provided transaction costs are nil. As the could be expected to lead to the point of
Coase Theorem is often alluded to in the intersection, and, therefore to an efficient
environmental literature, it will pay to study level of pollution ( X in Figure 3). The
it. assignment of initial property riglits affects

Consider agent A. who is engaged in an the distribution of income, but is irrelevant
activity that, as a byproduct, is damaging to from an efficiency perspective.
agent B. In Figure 3 the marginal private cost The above example is prototypical of the
to B has been drawn as an upward sloping argument underlying Coase's Theorem. As we
function of the level of A's activity, and the have just seen, it invokes several assumptions.
marginal private benefit to A has been drawn They are that (i) the negotiation game is
as a downward sloping function. Coase's common knowledge among participants; (ii)
observation was that the intersection of the 'transaction' costs are nil; (iii) the game is

Figure 3.
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convex; and (iv) there are only two parties to may be noted that this is also a competitive
the negotiation. For this reason the theorem equilibrium allocation, in that it would be
has been much studied for its validity. Here sustained by a price system in which a party
we will ignore the fact that in negotiations would have to pay a unit of 'utility' to a
over environmental resources, much neighbour for the right to deposit his garbage
information is likely to be privately held; a in the neighbour's yard.
fact that makes certain pattems of centralized As noted earlier, the convexity assumption
coordination and 'control' desirable (on which has been central to resource allocation theory.
see, Dasgupta. Hammond and Maskin, 1980; But the assumption is especially inappropriate
Dasgupta, 1982a; Farrell, 1987). In the when the environment is included in the
previous section we observed that transaction domain of discourse. In this connection, it is
costs are often in the nature of fixed costs. useful to distinguish in a rough and ready
This too affords a reason for 'government' manner two types of non-convexities:
involvement in environmental matters." In exogenous and endogenous. The former are
this section we will, therefore, concentrate on non-convexities at the technological and
the desirability of 'centralized' involvement ecological levels, and they cannot be made to
when assumptions (iii) and (iv) are violated. disappear through institutional reform. Key

Suppose then that there are more than two examples are economies-of-scale in
parties engaged in a negotiation. Matters can production, non-convexities associated with
now be very different from the prediction of the fact that one cannot be at more than one
the Coase Theorem, and the very existence of location at any given time, synergistic effects
a bargained outcome (let alone whether it between different pollutants, non-linear dose-
leads to an efficient allocation) can depend response relationships in the environmental
upon the assignment of property rights. impacts of pollutants, and threshold effects in
Consider, as an example, the 'garbage game', growth functions of populations.50 The latter
studied by Shapley and Shubik (1969) and type of non-convexities is dependent upon
Starrett (1973): economic and legal institutions. They are non-

Each of 3 parties possesses a bag of convexities that arise under one system of
garbage which must be deposited in institutions and are suppressed under another.
someone's yard. The utility of having n The garbage game we have just studied
garbage bags in ore's yard is -n provides an illustration in the context of
(n=4,1,2,3).4 9 We will suppose that the negotiation games embodied in the notion of
underlying bargaining game is one whose the core. It will now pay to look at the matter
solution is the set of core allocations. We will from the perspective of competitive markets.
study two alternative property-rights regimes. In a seminal pair of articles, Baumol and

Assume to begin with that parties have the Bradford (1972) and Starrett (1972) showed
right to dump their garbage on their that there are underlying non-convexities
neighbours (even without permission, that is). associated with external diseconomies that can
It is a simple matter to confirm that the be neutralized by institutional reforn.
resulting game has an empty core: any Consider a firm located upstream, whose
allocation that is proposed would be blocked production activity generates a pollutant as a
by some two-member coalition. (This is byproduct. The effluent is deposited in the
formally the same as the famous voting river, whose water is an input in the
paradox of Condorcet.) Suppose instead, that production activities of a community
each party has a right to as pure an downstreanm. The downstream community is
environment as he is able to attain, subject to concerned with its own well-being, and can
his having to absorb his own garbage. With make an appropriate decision concerning its
these property rights the resulting gane has a economic activities for every level of effluent,
unique core allocation: it consists of each X, in the river. In Figures 4 and 5 we denote
party retaining his own bag of garbage. It the community's (maximal) well-being as a
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function of X. By definition, the effluent is upstream finm is entitled to pollute as much as
bad. So the community's well-being is a it cares to, but it has to pay the tax. It tak-es
declining function of X. It must also be the tax rate as given and chooses its profit-
bounded below, since the community has the maximizing level of X. In this scheme the
option of migrating to another location (albeit downstream community has no say on tlhe
at a cost), or altering its lifestyle and ceasing level of X. The optimal pollution tax is one
to be dependent upon river water (again at a that maximizes aggregatc well-being (whicil
cost). It follows that well-being cannot be includes the community's well-being and the
concave over the entire X-axis. Figure 4 polluting firm's profit, among other things) If
depicts the case where the non-concavity is die only non-convexities of the system are the
sharp, with the community's well-being Baumol-Bradford-Starrett non-convexities,
falling dramatically in the neighbourhood of then a tax equilibrium exists (see below). The
X = A, and becoming zero soon thereafter, at reason it exists is that. under tile tax scheme
B (the point at which the community the question of equating demand and supply
migrates). In Figure 5 the non-concavity is of pollution does not arise: the downstream
'smooth', with the community's well-being community does not get to make a demand,
tailing off as X increases. (This is the case and the Starrett non-convexity is unable to
where it does not pay the community to play its detrimental role as regards the
migrate or alter its lifestyle.) The existence of a tax equilibrium. Tllis then is
community's well-being in either case is non- the Pigovian solution to the problem of
concave, and it means that the set of feasible externalities. The example is one among many
combinations of pollution level and the that make irresistible the Pigovian moral, that
community's well-being is non-convex. pattems of taxation and prohibitions will often

Arrow (1971) showed why it is difficult to be required if environmental problems are to
believe that competitive prices for be reduced. (We offered other examples in the
externalities (or Lindahl prices, as they are previous section.) It provides the reason for
sometimes called) can forn even when the attitude we are adopting in this chapter
private property rights are well-defined and conceming public policy.
enforceable. The reason is that markets for But there are problems even with this.
externalities are typically 'thin' (e.g. bilateral, Vestiges of the Baumol-Bradford-Starrett non-
as in the Coasian Figure 3). The Baumol- convexities remain in the Pigovian
Bradford-Starrett non-convexities imply solution.5 ' There can be multiple tax
something more powerful: in the presence of equilibria, and the govemment in these
extemal diseconomies, Lindahl equilibria circumstances would be required to conduct
typically do not exist even if property rights global cost-benefit analysis if it were to try to
are well-defined and enforceable. This is locate the optimal rate of tax on pollution
simple to prove in our example. If the price This is seen most easily in the case where
of a unit of pollution were to be positive (i.e. the downstream community's well-being as a
the upstream firm has to pay the community function of X has the shape given in Figure 4.
for each unit of effluent), the community It will be noticed that the community's
would demand an infinite quantity and marginal loss in well-being due to pollution
migrate. If it were to be either negative or (i.e. negative of the slope of the curve LB in
zero, the community's demand would be nil, Figure 4) increases with X until X _ A, after
but the firm's supply would be positive. In no which it falls rapidly to zero at X = B, and it
case would market demand for X match its remains zero thereafter- In Figure 6 the
market supply. marginal loss in the community's well-being,

But now consider an alternative as a function of X. has been drawn as the
institutional structure. Markets for curve CDEBX. Assume now that the marginal
externalities are prohibited, and the State gain in profit enjoyed by the upstream firm is
imposes a tax on each unit of pollution. The a declining function of X. In Figure 6 this
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curve has been drawn as FDX,. and it depicts of land tenure developed in various parts of
a case where it is zero at X = X,. a point at the world. but so hiave economic.
whlichi the communit) downstream would not demographic, and ecological circumstances.
operate. We observed earlier that rights to assets that

Imagine for expositional ease that market otler mulliple services are oli'en complex.
prices of all commodities. excepting flr the 'I'hus, someone may have the riglht to cultivate
pollutant. equal their accounting prices. a piece of land (in many contexts if he has
Assume next that the socially optimal level of' inherited it from his fathier, in others if lie is
pollution is the amount at which the sum of tle one 1o have cleared it). wlhile othiers may
the upstream timi's prol'its and [lhe share the right to th1e producis of the trees
downstream community's well-being is growing on this land. while still others may
maximized." Then it is an easy matter to have a concurrent right to graze their animals
check that there are three tax equilibria in on1 the stubble following, each harvest. and so
Fig,ure 6: Xi. X! and N, (thc poinits at wvhicih forth. On occasion, the person who has the
the marginal gain in the finn's profit equals right to cultivate a piece or land does not
the marginal loss in the community's well- have the right to rent it. or to sell it. and on
being). Of these. X, and X, are local maxima most occasions he does not have the right to
of aggregate well-being. and X. is a local divert water-flows through it. These last are
minimum. Suppose that the global optimum is often group rights (see. e.g. Breslin and
XI (as in Figure 7), with an implied tax rate Chapin. 1984; Feder and Noronha. 1987).
t*. Suppose also that by the time the However, for clarity it pays to think of polar
govemment notices the problem. the flow of cases, which are territorial (or private
pollutants is at a rate a bit in excess of X2. In property) systems. and communal property
this case marginal social cost-benefit analvsis svstems. Even these on occasion can be hard
of pollution changes would not deliver: it to distinguish in practice. For example. social
would lead eventually to the conclusion that groups could assert territorial rights over land
X, is the optimum. To be sure. X3 is a loca] and at the same time practise reciprocity over
optimum: but the global optimum (X,) will access. This would have much the same eflect
have been missed. as controlled communal ownership of all the

So the Pigovian solution to the problem of lands. Or it could be the other wav round:
environmental pollution raises its own ownership could be communal across groups.
problems. Global cost-benefit analvsis but residence could be confined to given
requires information of a kind that is hard to territories. Right of access to resources by one
obtain. It involves the government having to group from the territories of another would
know about possible states of affair that are have to be monitored to avoid free-riding. But
far removed from where the economy this would look pretty much like private
currently finds itself. The tension between ownership with reciprocity over access (see
weaknesses of market solutions. on the one Cashdan. 1983)
hand, and govemment interventions. oni the Two aspects of spatially-spread resource
other. is a recurrent theme in environmental bases are of vital importance: densitv and
economics. predictabilitv (see Dvson-Hudson and Smith.

1978: Smith. 1987). By density we mean the
tS. Land Rights"; average value of the resource. say per square

mile: and by predictabilitv we mean the
Property rights on land have assumed a inverse of the variance in the value of the

bewildering variety across regions. For rcsource per unit of time per square mile.
example. land rights in sub-Saharan Africa with the allied assumptions that the
have traditionaliy been quite different froni probabilitv distributions are not overly
those in. say. South Asia. Chance events have correlated across spatial groupings of land.
undoubtedly played a role in the way patterns and not overly correlated over time. Two
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cxtrelie types of spatially-spread resotirces (Eusminger, 1990). We wvill go more deeply
are thenl of particular inierest. The first is into tlhese issues in the nest sectioni.
clharacterized bv botlh hiighI densitv and hiighl
predictabilitv (foTr example, river vallevs), and 16. Public Failure and the Erosion of Local
thje second by low density and low Commons"5
predictabilitv (for example. semi-arid
scrublanids anli grasslands). Resource 'I'here is a vasi difl'erence between slohal
allocation theorv inlornis us that cotmmunities commons and local cominions. 'I'he open seas
would tend to institute private property rights are common-property rcsources, as are usually
over the lornier category antd remain village ponds. As economwic analysis makes
geographically stable. 'I' theorv also tells us clear (see Dasgupta and I leal. 1979. Clhapter
that communiities would be dispersed and 3), wvhat are problems for the forimier are by
mobile were they depenideint tipoIn the second no means necessarily problems f'or thc latter.
categorv o1' resources. 'IT'he prevalenice of I lowever. it is the global commons, and
nomadic herdsmeni in the Sahel is an instance popular wvritings on them (for example. thle
of this.54 In any event. we would expect a influential article by Hardin. 1968), that have
greater incidenice olf commoni property shaped popular images ol' all common-
resources in regions where resources have low property resources. This has been tnfortunate,
density and low predictability. because, unlike global commonis. the source

Field studies in India reported in Agarwal of the problems associated witli the
and Narain (1989). Chopra. Kadekodi and management of local commons is often not
Murti (1989), and C.S.E (1990) are conisistenit the users. but other agencies. The images
witlh thcse observatons. Hill (1963). Cohen invoked by 'the tragedy of tlhe commons' are
(1980). Netting, (1985). Feder and Noronha mostly not the right ones when applied to
(1987). Feder and Feeny (1991). and Migot- local commons. As noted in Section 13, local
Adholla et al. (1991) hiave provided accounts commons (such as village ponds and tanks,
of the evolution of land tenure s:.'stems in pastures and threshing grounds. watershed
sub-Saharan Africa that also are consistenit drainage and riverbeds, and sources of
with our reasonin. In Africa land rights were fuelwood. medicinal herbs. bamboo. palm
typically held by groups. not by individuals. products, resin, gum. and so forth) are not
This has recently been transformed. a good open for use to all in any society. In most
deal by State fiat (whicih often claimed cases they are open only to those having
ovvnership. as in Elithiopia. Mauritania. Zaire. historical rights. through kinship ties.
Zaambia. Nigeria. and Tanzania). and some by community membership. and so forth. 'Tose
the individuals themselves. who break with having historical rights-of-use tend, not
traditional norns of ownership when land surprisingly, to be protective oft thcsc
values risc. resources. Locai commons are casy enouglh to

Resource density increases with investment monitor, so their use is often regulated in
and technological improvements: for example great detail bv the community: cither through
terracing. or the introduction of high-yielding the practice and enforcemenit of nonns of
varieties of whieal. Predictability can be made behaviour. or through deliberate allocation of
to increase at tilc same time: for example by use.
the creation Of irrigation facilities. (Poor Wade (1987. 1988) has conducted an
counitries today account for about 75% of the empirical investi,ation of community-based
w-orld's irrigated land area.) The opening of allocation ruiles Fortv-one South Indiani
new markets for cashl crops also raises villau-es were studied. and it was founid, for
resource density. Changing patterns of land example. that downvstream villages had an
tenure often observed in poor countries can be elaborate set of rules. enforced by fines. for
explained along the lines we have outlined regulating the use of water from irrigation

canals. Most villages had similar
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arrangements for die use or grazing land. In labour, milch and draft animials. CLillivationi
an earlier work on the Kuna tribe in the land and crops, common agricultural tools
Panama, Howe (1986) described the intricate (e.g. ploLiglis, harrows, levellers, and lines).
set of social sanctions that are imposed upon fodder-cutting and rope-making machines. and
those who violate norms ol behaiviour seeds. Coimmon-properly resources also
designed to protect their source of fresh provide tle rural poor with partial protection
water. Even the iniquitous caste system of in tinies or unusual econonlic stress. For
India has been found to provide an landless people they may be (he only non-
institutional means of checks and balances by human asset at their disposal. A number of
which communal environmental resources resources (such as fuclwood and water lor
hiave been protected (see Gadgil and home use, berries and nuts, medicinial herbs,
Malhotra, 1983). resin and guni) are the responsibility of

The extent of conimon-property resources women and children.'6
as a proportion of total assets in a community A similar picture emerges from l-leclit,
varies greatly across ecological zones. In Anderson and May (1988), who describe in
India they appear to be most prominent in rich detail the importance of the extraction of
arid regions, mountain regions, and babassu products among the landless in the
unirrigated areas. They are least prominent in BrazilianstateofMaranh a o. The supporithat
humid regions and river valleys (see Agarwal such extraction activity offers the poorest ol
and Narain, 1989; Chopra, Kadekodi and the poor, most especially the women among
Murty, 1989). In the previous section we them, is striking. These extractive products
provided an explanation for this in terms of are an important source of cash income in the
relative resource predictability and density. period between agricultural-crop harvests (see
An almost immediate empirical corollary of also Murphy and Murphy, 1985; and for a
this is that income inequalities are less where similar picture in the West African forest
common-property resources are more zone, see Falconer, 1990).
prominent. However, aggregate income is a It is not difficult to see why common-
different matter, and it is the arid and property resources matter greatly to the
mountain regions and unirrigated areas that poorest of the rural poor in a society, or
are the poorest. This needs to be borne in therefore, to understand the mechanisms by
mind when policy is devised. As may be which such people may well get disfranchised
expected, even within dry regions, from the economy even while in the
dependence on common-property resources aggregate the society enjoys economic
falls with rising wealth across households. growth. If you are steeped in social norms of
The links between undernourishment, behaviour and understand community
destitution, and an erosion of the rural contractual obligations, you do not calculate
common-property resource base are close and every five minutes how you should behave.
subtle. They have been explored analytically You follow the norns. This saves on costs all
in Dasgupta (1993, Chapter 16). round, not only for you as an 'actor', but also

In an important and interesting article, for you as 'policeman' and 'judge.` It is
Jodha (1986) used data from over eighty also the natural thing for you to do if yr:'
villages in twenty-one dry districts from seven have internalized the nonns. But this is
states in India to estimate that among poor sustainable so long as the background
families the proportion of income based environment remains pretty much constant. It
directly on common-property resources is for will not be sustainable if the social
the most part in the range 15-25 per cent (see environment changes suddenly. You may eve!)
also Jodha. 1990). This is a non-trivial be destroyed. It is this heightened
proportion. Moreover, as sources of income vulnerability, often more real than perceived
they are often complementary to private- which is the cause of some of the greatest
property resources, which are in the main tragedies in contemporary society. They
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descend upon people wlio are, in the best of the process has increased the prevalence of
circumstances, acutely vulnerable. destitution among the economically weak.

Sources that trigger destitution by this
means vary. The erosion of common-property 3. In an earlier, muLh-neglected work nn
resource bases can come about in the wake of the Amazon basin, Feder (1977. 1979)
shifting populations (accompanying the described how massive private investment in
growth process itself), rising populations and the expanrsion of beef-cattle production in
the consequent pressure on thiese resources, fragile ecological conditions has been
technological progress, unreflective public supported by domestic governments in the
policies, predatory governments, and thieving form of tax concessions and provision of
aristocracies. There is now an accumulation of infrastructure, and loans from international
evidence on this range of causes, and in what agencies, such as the World Bank. The
follows we will present an outline of the degradation of vast tracts of valuable
findings in three sets of studies. environmental resources was accompanied by

the disfranchisement of large numbers of
1. In his work on the drylands of India, small farmers and agricultural labourers from

Jodha (1986) noted a decline in the the economy. At best it made destitutes of
geographical area covering common-property traditional forest dwellers: at worst it simply
resources ranging from 26 to 63 per cent over eliminated them (see also Barraclough, 1977;
a twenty-year period. This was in part due to Hecht, 1985). The evidence suggest that
the privatization of land, a good deal of which during the decades of the 1960s and 1970s
in his sample had been awarded to the rural protein intake by the rural poor declined even
non-poor. He also noted a decline in the while the production of beef increased
productivity of common-property resources on dramatically. Much of the beef was destined
account of population growth among the user for exports. for use by fast-food chains.5 '
community. In an earlier work, Jodha (1980) These matters, which are an instance of
identified an increase in subsistence the intricate link between economic, social.
requirements of the farming community and and financial institutions, have been taken up
a rise in the profitability of land from anew by Repetto (1988), Mahar (1988), and
cropping and grazing as a central reason for Binswanger (1989). The latter in particular
increased desertification in the state of has shown how in Brazil the exemption from
Rajasthan. Jodha argued that, ironically, it taxation of virtually all agricultural income
was government land reform programmes in (allied to the fact that logging is regarded as
this area, unaccompanied by investment in proof of land occupancy) has provided strong
improving the productive base, that had incentives to rich to acquire forest lands and
triggered the process. then deforest them. The subsidy the

government has provided to the private sector
2. Ensminger's (1990) study of the to undertake deforestation has been so large,

privatization of common grazing lands among that it is arguable that a reduction in this
the Onna in northeastem Kenya indicates that activity is in Brazil's interests, and not merely
the transformation took place with the consent in the interest of the rest of the world. This
of the elders ot the tribe. She attributes this has implications for intemational negotiations.
willingness to changing transaction costs The current consensus appears to be that
brought about by cheaper transportation and Brazil in the aggregate has much to lose from
widening markets. The elders were, quite reducing its rate of deforestation. If this were
naturally, from the stronger families, and it true, there would be a case for the rest of the
does not go unnoted by Ensminger that world to subsidize her if she is to restrain
privatization has accentuated inequalities. herself. But it is not at all clear if the
However, she provides no data to tell whether consensus is correct.
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'I'he sources of the transtb rmation of 17. Environmental Degradation and
common property resources into private Children as Prodlucer Goods
resources described in the three sets o' studies
mentioned above are different. Consequenitly. In poor countries c:hildrci are nrt only
the Xways in which they have had an imipact durable 'consumner goo)ds' (e.g. servinig the
on those witli historical riglhts have been cult of the ancestor: sec Caldwell and
difTerent. But each is uLiderslanidable and Caldwell, 1987. 1990). hycv are useflllso as
believable. (Noronlia. 1992. provides an security lor old age (Cain. 1982. 193). loth
illuminating discussion of a number of otiher have beenl miuch studied. In Ilica. cihildrein
case-studies.) Since the impact of such Iiomis serve also as incomi-earniing. assets: that is. as
of privatizauion are confirmed by economic producer goods. rhis prnvides hotusehlolds ill
thcory, thc findings of thesc case studies are these parts with an additional motivation flor
almost certainly not unrepresentative. They havinig children. 'I'hlc motivation has becn
suggest that privatization of village commons rccognized in the demographic literaturc (e.gi.
and forest lands, wlhile hallowed at the altar Mueller. 1976), but its possible consequences
of efficiency, can have disastrous have not been much explored.""
distributional consequences. disfrancihising We noted earlier that poor countries for
entire classes of peoplc from economic the most part are biomass-based subsistence
citizenship.Y' They also shonv that public economies. Production throughput is low.
ownership of such resources as forest lands is Households there do not have access to ihe
by no means necessarily a good basis for a sources of domestic energy that are available
resource allocation mechanism. Decision- to households in advanced industrial
makers are in these cases usually far removed countries. Nor do they havc water on tap. (In
from site (living as they do in imperial the semi-arid and arid regions. water supply is
capitals), they have little knowledge of the not even close at hand.) This means that the
ecology of such matters, their time-horizons relative prices of alternative sources of energy
are often shorL and they are in many and water faced by rural households in poor
instances overiv influenced by interest-groups countries are quite different from those faced
far removed from the resource in question. by households elsewhiere. Indirect sources

All this is not at ail to suggest that rural (e.g. tap water nearby) are often prohibitivelv
development is to be avoided. It is to say that expensive for the househo]d. As we will see
resource allocation mechanisms that do not presently, this provides a link between high
take advantage of dispersed information, that fertilitv. degradation of the environmental-
are insensitive to hidden (and often not-so- resource base of a rural communitv. and an
hidden) economic and ecological interactions accentuation of hardship among its members.
(what economists would call 'general From about the age of six. children in poor
equilibrium effects'), that do not take the households in poor countries mind their
long-view, and that do not give a sufficiently siblings and domestic animals, fetch water.
large weight to the claims of the poorest and collect fuelwood. dung. and fodder. These
within rural populations (particularly the are complementarv to other household
women and children in these populations) are activities. They are necessarv on a daily basis
going to prove environmentally disastrous. It if the household is to survive. As many as 5
appears that, durina the process of economic hours a dav may be required for obtaining the
development there is a close link between bare essential amount of firewood. dung. and
environmental protection and the well-being fodder. (One should contrast this wvith the
of the poor. most especially the most direct time spent by households in acquiring
vulnerable among the poor. Elaboration of water and fuel in advanced industrial
this link has been one of the most compelling economies. wlicih is nil.)
achievements at the interface of arthropology, All this may be expected to relate to the
economics, and nutrition science. high fertility and low literacy rates in rural
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areas of most poor countries. Poverty, the The static efficiency loss associated with
thinness of markets, and an absence of basic minor violations is, to be sure, small, but over
amenities make it essential for households to time the effect can be large.
engage in a number of complementary As workers, children add to household
production activities: cultivation, cattle income. They are often costless to rear by the
grazing. fetching water, collecting fodder and time they are adolescents. This line of
fuclwood, cooking food, and producing argument has been emphasized by Mueller
simple marketable products. Each is time- (1976) and Lindert (1980, 1983). Cain (1977)
consuming. Labour productivity is low not has studied data from the village Char
only because capital is scarce, but also Gopalpur in Bangladesh. He showed that male
because environmental resources are children become net producers at as early an
scarce.' Children are then continually age as 12 years, and work as many hours a
needed as workers by their parents, even day as an adult. Using a zero (calorie) rate of
when the parents are in their prime. A small interest, he estimated that male children
household simply is not viable. Each compensate for their own cumulative
household needs many hands, and under consumption by the age of 15. This may not
certain circumstances the overall usefulness of be typical in Bangladesh. We cite it,
each additional hand increases with declining nevertheless, to show the vast difference in
resource availability. In their study of work the motivation for having children between
allocation among rural households in the households in rich countries and poor
Foothills of the Himalayas, C.S.E (1990) households in poor countries.
recorded that children in the age range 10-15 It appears then that the transfer of
work one-and-a-half times the number of 'material' resources over a life-cycle in poor
hours adult males do, their tasks consisting of households in poor countries is from offspring
collecting fuelwood, dung, and fodder, in the aggregate to their parents. The
grazing domestic animals, performing qualification is important. We have seen no
household chores, and marketing. Now, a high study that includes in the calculation of
rate of fertility and population growth further resource transfers the value of time forgone in
damages the environmental resource base (to the rearing of children, nor the risks borne by
the extent that this consists of unprotected the mother during the process of reproduction.
common property), which in tum in a wide These amount to resource transfers from
range of circumstances (viz. if households parents to their children. There is nevertheless
discount the future at a high rate) provides a sense in which children are more valuable
further (private) incentives for large families, to parents as producers of income within poor
which in tum further damages the resource households in poor countries than they are in
base, and so on, until some countervailing set rich communities. So we will take it that the
of factors (whether public policy, or some flow of resources in such communities is
form of feedback that lowers the productivity from the offspring to their parents. However,
of additional children) stops the spiralling it is not mere poverty that leads to this
process. But by the time this happens, directional flow; it is poverty in alliance with
millions of lives have usually suffered.'2 immobility. If people are mobile, poor parents
Such an explosive process can in principle be are not able to effect this transfer readily. In
set off by any number of factors. Govemment these circumstances, much of the motivation
or private usurpation of resources to which for having children is absent, and even a poor
rural communities have had historical access society may display a move towards the
is a potential source of the problem; as are 'demographic transition'; that is, the transition
breakdowns of collective agreements among from high to low fertility."3 But this is not so
users of common-property resources. Indeed, in the Indian sub-continent and sub-Saharan
even a marginal decline in compliance can Africa, and its absence makes for a strong
trigger the process of cumulative causation. parental motivation for having large families.
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Inii may societies (e.g. in the Indian sub- Malithusian trap is not to be taken seriously.
contiicint), daughters are a net drain on But we should be permitted to ask of these
parental resources (dowries can be modem writers what policy flows from their
hankruplinig), and this goes some way towards visions. The Boserup-Simon thesis (if we may
explaininiLg the preference parents iltere show be permitted to amalgamate two sets of
lor sains (Sophier. 1980). It also helps explain writings) implies that households confer an
whv datugluters in their childhood are expected external benefit to the community when they
to w)rk relatively harder for their parents. All reproduce. This means that fertility ought to
this is in sharp contrast withi advanced be subsidized. We have not seen this
industrial nations, where material resources implication advocated by its proponents.
arc transtferred on average from the adult to
the vouing. In a long sequence of writings, 18. Work Allocation among Women and
Caldwell (see e.g. Caldwell. 1976, 1977a,b, Children, and the Desirable Locus of
1981. 1982) has argued that whether a society Environmental Decisions
has made the demographic transition is related
to the direction of the intergenerational flow The links between environmental
ofrresources (see also Willis, 1982). degradation and an accentuation of

The motivation for fertility we have been deprivation and hardship can take forms that
cmiphasizinu here springs from a general even today are not always appreciated. The
absence orcertain basic needs in rural parts of gathering of fuelwood and fodder, and the
poor countries: public-health services, old-age fetching of water for domestic use in most
security. water. and sources of fuel. Children rural communities fall upon women, and, as
are born in poverty, and they are raised in we have seen in the previous section, upon
poverty. A large proportion suffer from children as well. When allied to household
undernourishment. They remain illiterate, and chores and their farming obligations, the
are often both stunted and wasted. work-load of women in South Asia in terms
Undernourishment retards their cognitive (and of time is often one-and-a-half to two-and-a-
often motor) development (see, e.g. Dasgupta, half times that of men." This work-load has
1993. Chapter 14). Labour productivity is over the years increased directly as a
dismally low also because of a lack of consequence of receding resources. Now it
infrastructure, such as roads. With this should be remembered that we are speaking
background. it is hard to make sense of the of a category of people of whom over 50 per
oft-expressed sug,gestion (e.g. Simon, 1977, cent suffer from iron deficiency, of whom
1981) that there are increasing-returns-to-scale only a little under 50 per cent suffer from
in population size even in poor countries, that wastage, and who in some parts of the world
human beings are a valuable resource. They work fifteen to sixteen hours a day during the
are potentially valuable as doers of things and busy agricultural season (see Dasgupta, 1993).
as originators of ideas, but in order for human Thus communities in the drylands of the
beings to be able to achieve them, they Indian sub-continent and in sub-Saharan
require inputs of the means for development. Africa today often live miles away from
Moreover, historical evidence on the way fuelwood and fodder sources, and permanent
pressure of population has led to changes in water sources. As noted earlier, women and
the organization of production, property children spend up to 5 hours a day collecting
righits, and ways of doing things, which is water during the dry season in these parts.
what Boserup (1965, 1981) studied in her far- The consequence is that anything between 10
reaching work, also does not seem to address and 25 per cent of daily daytime energy
the population problem as it exists in sub- expenditure is required for the purposes of
Saharan Africa and the Indian sub-continent collecting water.'5

today. Admittedly, the central message in A similar problem is associated with
these writings is that the spectre of the fodder and fuelwood collection. In northern
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India, for example, some 75 per cent of the political economy of rural poverty. The
firewood for domestic use comes from twigs large, often fragmented, literature on local
and fallen branches. A substantial part of the common-property rcsources is beginning to
remaining fraction comes from cowdung. offer an unequivocal impression that during
From data now available from the drylands of the process of economic development the
India on time allocation on the part of women protection and promotion of environmental
in fuelwood collection, the energy costs in resources would best be served if a constant
this activity would seem to be also in the public eye were kept on the conditions of the
range 10 to 25 per cent. In Appendix I we poorest of the poor in society. Environmental
will see that estimates of the energy cost of economics and the economics of destitution
collection are essential ingredients in the are tied to each other in an intricate web. We
calculation of the shadow prices of fuelwood shiould not have expected it otherwise.
and water.

Information conceming the ecology of 19. Computable General Equilibrium
local commons is often dispersed, and is Modelling
usually in the hands of the historical users,
who, as we observed earlier, are often the The environmental impact of alterations in
women of rural populations. There are property rights or macroeconomic policies
exceptions, of course, but as a general rule (Sections 13-16) can be large: changes in one
this makes it desirable that local commons be sector can have substantial, and often
protected as commons, and that decisions unforeseen, effects on other sectors.
regarding local commons be left in the hands Computable general equilibrium models (or
of the users themselves. This is because the CGE models) provide a means of identifying
local commons will almost certainly remain and deternining the magnitudes of such
the single source of vital complementary and impacts. In large part, though, existing CGE
insurance goods for poor people for a long models are based on the hypothesis that
time to come. To be sure, it is essential not competitive markets exist for all goods and
only that governments provide infrastructure services."7 It is a matier of some urgency
and credit and insurance facilities, but also that CUE models be extended, so that the
that they make available to users new 'general equilibrium' effects of large-scale
information concerning technology, ecology, policy changes may be studied in second-best
and widening markets. However, there is little economies; for exarnple, those in which
case for centralized control. Quite the labour and credit markets do not clear, or
contrary: there is a case for facilitating the where certain commodities do not have
growth of local, community decison-making, markets. One interesting study that has moved
in particular decision-making by women, in this direction is Unemo (1993). She has
since it is the women who are the actual users investigated the environmental link between
of these resources and thus know something Botswana's two main export goods: beef and
about the ecology of the matter. More diamond.
generally, there is an urgent case for the State Beef-cattle in Botswana are grazed in
to ensure that local decision-making is semi-arid regions. This land, assumed fixed in
undertaken in an open way. This would help size, is in the main communally owned, and
to prevent the economically powerful among its use would appear to be unorganized.
rural communities firom usurping control over Letting X be the number of cows in the
such decisions." This tension - the grazing land and F(X) the quantity of beef
simultaneous need for increased produced, Unema has assumed that F"(X)CO
decentralization of rural decision-making, and for all X. She has modelled land as an open
for government involvement in ensuring that access resource, and so has equated the
the seat of local decisions is not usurped by market price of beef (relative to a cow) with
the powerful - poses the central dilemma in the average output of beef per cow (F(X)/X),
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not the marginal output. This is an extreme The most complicated international
form of the problem of the commons, and is environmental problems, like the local
the source of stress on land in her model. The commons, are characterized by reciprocal
rest of the economy has been modelled in a extemalities: countries both contribute to
Walrasian fashion. environmental damages and suffer from them.

The purpose of the exercize was to Emissions of greenhouse gases are an instance
conduct numerical experiments, in which the of this, and in Section 9 we studied the
impact of changes in macroeconomic implications of this on social cost-benefit
parameters on cattle herds could be assessed analysis at a global level. Now, a central
quantitatively. Unemo has shown such problem with greenhouse emissions is that,
impacts to be substantial. For example, she even though reciprocal, countries do not
found that a 5 per cent drop in the world inflict damages on others in equal amounts.
price of diamonds would lead to an increase Thus, for a cooperative outcome to be
in the size of herds by 12 per cent. The achievable, some financial transfers are
mechanism by which this occurs in her model necessary, if only in an implicit manner.
involves the domestic cost of capital: a fall in Several alternatives suggest themselves; debt
the price of diamnonds makes cattle a better relief for the preservation of the Amazon
form of private investment. Even if open- being one that has most frequently been
access cattle grazing were sustainable prior to discussed.
the fall in diamond prices, it could well be This is not to say that agreements cannot
that it would be unsustainable subsequent to be reached without side-payments; it is only
the fall. In short, a drop in the price of to say that they will tend to be less efficient.
diamond prices could well have a deletarious Barrett (1990) has argued, for exarnple, that
effect on grazing lands. CGE models are good one should not expect all countries to sign the
at detecting this type of intersectoral linkages. Montreal protocol on emissions of

chlorofluorocarbons (CFCs): if a bargaining
20. International Institutional Failure and equilibrium exists, it involves only some

the Erosion of Global Commons countries signing the protocol. The reason is
that if only a few countries were to sign the

Global commons in general pose a protocol, national benefits from further
different type of problem from that of local reduction in CFC emission would be high.
commons. 'Free access' to the atmosphere, to This would induce more countries to sign.
watersheds, and to large bodies of water, such However, if many countries were to sign the
as the oceans, are a cause of inefficiency in protocol, national benefits from further
the allocation of resources. In the case of the reduction would be small, and it would then
atmnosphere (for example, over global not be worth a country's while to sign the
warmning), even the option of 'voting with agreement.
one's feet' is unavailable. Furthennore, future Direct (side) payments among countries
generations are not directly represented in for solving environmental problems have not
today's forum. Their interests are included been common. When made, side payments
only indirectly, through transactions between have tended to be non-pecuniary; for example,
co-existing generations. The inefficiencies and trade and military concessions (see Krutilla,
inequities that are involved with the use of the 1966; Kneese, 1988). Recently, an agreement
global commons are, therefore, not merely has been reached on reducing the production
static, but are also intergenerational.6 ' From and use of CFCs in developing countries. This
this it follows that the international has involved the creation of an international
community needs consciously * to design fund for technological tmnsfers to these
systems that improve upon existing resource countries. It is a promising development.
allocation mechanisms. One broad category of allocation

mechanisms well worth exploring in the
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international context involves making the distribution of permits among nations.7' But
global commons quasi-private. The basic idea, if the bound that is set on annual aggregate
which originated in Dales (1968), is similar to greenhouse emissions were approximately
the principle currently being experimented optimal, it would always be possible in
within the U.S.A. The idea, if extended to the pfinciple to distribute the initial set of rights
international sphere, would have the in such a way that all countries have an
community of nations set bounds on the total incentive to join the scheme. Having said this,
use of the global commons, such as the it is important to note that in practice it is
atmosphere; have it allocate an initial difficult to come up with a rule that would
distribution of transferable national rights accomplish the assignment of initial rights
wihich add up to the aggregate bound; and (see Barrett, 1992). So progress in this sphere
allow the final allocation among different of inntemational cooperation can be expected
users to be determined by comr etitive to be slow. Nevertheless, one cannot
markets.' overemphasise the fact that there are large

To give an example, consider the emission potential gains to be enjoyed from
of greenhouse gases. Suppose it is desired by intemational cooperation. A scheme involving
the community of nations that emissions the issue of marketable permits in principle
should be reduced to a precribed global level. offers a way in which all nations can enjoy
Units of the various gases would then be so these gains. The argument that 'national
chosen that all gases have the same sovereignty' would be endangered is in fact
(expected) effect on global climate. (In other no argur.;cnt, for the point about global
words, at the margin the emission of one unit commons is precisely that they are beyond the
of any one gas would have the same realm of national sovereignty.
(expected) climatic effect as the emission of
one unit of any other gas.) The scheme would 21. Trade and the Environment
allow countries to exchange permits for one
gas for permits for any other. Countries would Links between international trade and the
receive an initial assignment of marketable environment are often alluded to, and it has
permits. It transpires that under a wide range not been uncommon to view growth in trade
of circumstances, this scheme has as a harbinger of a deteriorating environment
informational advantages over both taxes and (see e.g. Daly and Cobb, 1991). The analysis
quantity controls on individual emissions.' we have offered in this chapter suggests that,
Furthermore, if the permits were to refer to stated as baldly as we have, the view is false:
net emissions (i.e. net of absorption of carbon it does not recognize the heterogeneity of
dioxide by green plants), the scheme would environmental problems (Sections 3-4); it
provide an incentive for countries with fast- does not distinguish between the volume and
growing tropical rain forests to earn export composition effects of a growth in trade on
revenue by encouraging forest growth and the world's production of goods and services
then selling permits to other countries. The (Sections 4, 16-18); it does not say if the
scheme also has the advantage that the growth is allied to international agreements on
necessary side-payments required to induce all transfrontier pollution (Section 20) and a
(or most) countries to participate in the reduction in domestic market failure (Sections
agreement can be made through the initial 13-15); and it is silent on whether the growth
distribution of emission pennits. Countries is brought about by a removal of government-
that do not expect severe damages from induced distortions (Sections 4 and 16). The
global wanning would also wish to participate conclusions in these earlier sections are now
if they were to be provided initially with a relevant. To be sure, increased world trade is
sufficient number of permits (or rights). often associated with a relocation of

The sticking point will clearly be over production units in accordance with relative
reaching an agreement on the initial international labour, capital, and resource
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costs. Moreover, countries differ in regard to implicitly on the assumption that there are no
local environmenital standards: but insofar as significant non-convexities associated with
the resulting pollution is local. this is a matter environmental pollution. In the presence of
of national sovereignty. 'I'he argument that such non-convexities, it would not make sense
lobbies would succeed in lowering to spread pollution evenly across geographical
environmental standards in countries that have locations. Within municipalities, for example,
high standards, in order to meet competition household and industrial waste are typically
from countries witli low standards, is not deposited in 'rubbish dumps'. This is a social
dissimilar to the concern pcople have that response to the presence of environmental
trade with low-wage countries would non-convexities. We may now enlarge on this
eventually lower wages in high-wage observation. Assuming that it is true that poor
countries. Hlowever, it is possible to design countries currently enjoy a better environment
tax-subsidy schemes to offset the additional as regards industrial waste, it could well be
cost of higher standards while retaining some that global well-being would be enhanced if
of the gains from trade." Above all, the their environment were protected and
argument for trade protection arising from the promoted, and if selected sites in rich
thought that countries with lower countries were used as global centres of
environmental standards will become sinks for deposits for industrial effluents.
other countries' pollutants, is to be resisted The second mason one should be
because of the kinds of considerations that circumspect about the recommendation is that
were outlined in Sections 3-4. it does not take note of the fact that the poor

A variant of these economic considerations in poor countries are not the same as poor
formned the intellectual background of an countries. There are both rich and poor people
argument in a widely-publicized memorandum in poor countries. Typically, the rich in these
issued in 1991 by the Chief Economist of the countries do not absorb anything like the
World Bank to his staff for discussion. It environmental risk' that the poor are forced to
suggested that trade in pollutants should be accept (e.g. health risks at work). In addition,
encouraged between rich and poor nations the rich enjoy political advantages.
because of at least two reasons: (i) poor Furthennore, there is nothing resembling a
countries (e.g. sub-Saharan Africa) suffer free press, nor open debate, in a majority of
ftrom lower industrial pollution than those in poor countries. It is then all too possible to
the West; (ii) being poor, they could be imagine that if trade in industrial pollutants
expected to value environmental quality less were to be encouraged, the poor in poor
at the margin, countries would be made to absorb the health

The memorandum was much criticized in risks (industrial pollutants are usually spatially
the intemational press, mostly along the lines localized public bads), and the rich in poor
that it read altogether too much like saying: countries would grasp the income accruing
let the poor eat pollution. The arguments we from the trade (a private benefit). This should
offered in Sections 3-4 imply that this is make for a difference in our attitude towards
misplaced criticism. On the other hand, the the proposal. As elsewhere in economics, the
discussions in Sections 14 and 16 imply that issue of governance lies somewhere at the
there are two reasons why we should be wary heart of the matter.
of the recommendation. First, it is based
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Introduction the controls ought to be altered. One way of
doing this is to make use of accounting prices

In Sections 10-12 we outlined the use of for goods and services: the art consists in
accounting prices in project appraisal and trying to estimate such prices from features of
national income accounting. The purpose of the economy as it currently is, and is expected
these appendices is to develop a few of the to be (see Dasgupta, Marglin and Sen, 1972;
more technical arguments that are involved in Boadway. 1978; Blitzer, Dasgupta and
this. Stiglitz, 1981; Dinwiddy and Teal, 1987;

In Section 12 we argued that in poor Ahmad and Stern, 1990). Often it makes
countries household production functions offer sense to assume more strongly that the rest of
a useful venue for estimating the accounting the economy is, to a first approximation.
prices of environmental goods and services. unaffected by what happens to the segment
Appendix I contains a discussion of a number that is under scrutiny (see e.g. Dasgupta,
of issues that arise if the aim is to assess Marglin and Sen, 1972, Chapter 19;
public policies that affect only a small portion Anderson, 1987; Hodgson and Dixon, 1992).
of an economy (e.g. a rural community). The Although related, this approach to the
point of view to be adopted in Appendix I estimation and use of accounting prices is
will be that economic appraisal is an aspect of different from the one where the government
policy reform. Analysis of policy reforms is involved in an overall optimization exercize
involves calculating the probable effects on (Little and Mirrlees, 1974).2 In Appendix 2
general well-being of marginal changes in we will follow this latter route. Our aim will
some set of control variables (for example, be to derive formulae for accounting prices
public investments). This enables one to make and to develop the concept of net national
recommendations on the direction in which product.



APPENDIX 1

The Valuation of Environmental
Resources: Public Policy as Reform

Let us begin with an example of production of goods and services. Without
fuelwood (or water) collection. We take undue loss of generality, we will regard q
the unit of analysis to be a household.? and S as scalars. Interest lies in the case
To fix ideas, consider a reduced form of where S does not have a market. The task
the model. Assume that a representative is to estimate the value of a change in S
household's daily energy intake is c, and in terms of changes in the values of q and
that x is its harvest of fuelwood (or water) y. This leads to a taxonomy based on
per day. Denote by S the stock of what the analyst can observe and what he
fuelwood (or water) resources in the (or she) is able to value. We will consider
locality, and by e(S) the energy cost of a few cases.
bringing home a unit of fuelwood (or (1) The simplest is one where q is
water). Obviously, e(S) is a decreasing measurable. Assume that household well-
finction of S. Equally obviously, the being depends solely on q. Suppose now
household's production of goods and that q and y can be transacted in markets,
services (e.g. cooked food, heating) is an and so have market prices associated with
increasing fimction of x. It follows that them. We wish to estimate the social
household well-being is an increasing value of an increase in S. If the increase
function of both the net energy intake is marginal (i.e. it is not expected to have
(c-e(S)x) and x. Write this as W(c-e(S)x, any effect on prices), its value is the
x). Assume for simplicity that the marginal change in well-being that
household chooses x so as to maximize accompanies it. In short, y is held
W. We write the maximized value as constant in this exercize. If the increase in
V(c,S). It is the indirect well-being S is large, but nevertheless it does not
function. affect market prices, the social value of

Suppose next that there are M the increase needs to be measured as the
households that rely on the resource. For difference between maximum household
an additive aggregate well-being function well-being after and before the increase,
(see Section 8), the shadow price of the taking optimal adjustments in y into
-esource is simply -M(dcIdS)w = MVs/VC account. Anderson's (1987) study of the
- -Me'(S)x. (Here Vs and Vc denote the benefits and costs of establishing
artial derivatives of V, and (dc/dS)w shelterbelts and farm forestry in the arid
enotes the marginal rate of substitution zone of Nigeria, is a fine example of this

between c and S in the indirect well-being 'partial' approach to cost-benefit
fimction.)" In a more detailed model, c analysis.'
will be endogenous, and the effect of Mx (2) q may not be easily quantifiable.
on future values of S will also be taken This would be so if q were an amenity
into account. We turn to a few (e.g. if S were a recreational area). In
generalizations.76 many such cases, there are inputs in the

A household's production function can production of q that can be valued and
be written as that are at the same time substitutes or
q = fty, S), complement of S. Consider, as an

example, the 'travel cost' method for
where y is the vector of net demands for valuing recreational facilities. Regard y to
goods and services transacted in the be a 'weak complement' of S if the value
market; S is a vector of environmental imputed to S is zero when the demand for
stocks; and q is the household's y is zero (see Miler, 1974). The travel
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cost method involves counting the number increase in S would lead to an increase in
of visitors to the place (preferably the q by f(.)B'(S). If, however, y were
number of visitor days). But travel costs simultaneously reduced by the amount
are not the same for all visitors. In our -B'(S), output would not be affected.
notation, different people face different Suppose now that p is the accounting
prices for y. The demand curve for q can price of y. Then the accounting price of S
be estimated by taking a sample of is pB'(S). Of course, we could so choose
visitors, and recording their travel costs units that B(S)=S. In this case the
and durations of visit. Survey techniques accounting price of S is p.
also enable one to infer how the demand There are a number of examples where
curve would shift if the recreational area this technique is of use. For example, the
were to change in quality. This corrosion of material stuctures due to air
information enables one to estimate the pollution can be offset by preventive care
change in consumer-surplus, which, under (e.g. painting the structures more
the assumption of weak complementarity, frequently, replacing the corroded material
measures the value of the change in more often). Expenditures on these
quality. preventive measures are a good measure

In some cases, y is a perfect substitute of the social costs of corrosion. Similarly,
for S. The production function can then the value of improved water supplies can
be written as q = f(y + B(S)), where B is be estimated from the reduced cost of
an increasing function of S. A marginal obtaining water. And so forth.
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Net National Product in a Dynamic Economy

A2.1. The Economics of Optimal discounted) integral of the flow of
Control instantaneous social well-being (as in (I)

in Section 8). Let us begin by recalling
In Section II and Appendix 1 we the main features of intertemporal

sketched a number of methods that are optimization exercizes.'0 The theory of
currently available for estimating shadow intertemporal planning tells us to choose
prices of environmental resources in situ. current controls (for example, current
We now seek to put shadow prices to use consumptions and the mix of current
in judging the relative desirability of investments) in such a way as to
alternative economic activities. Of maximize the current-value Hamiltonian
particular interest to us is social cost- of the underlying optimization problem.
benefit analysis of investment projects. As is well known, the current-value
The measurement of real national income Hamiltonian is the sum of the flow of
is intimately connected to this. The index current well-being and the shadow value
we seek is net national product (NNP) as of all net investments currently being
a measure of aggregate well-being.7 ' We undertaken. (The optimization exercize
will show that the question how we generates the entire set of intertemporal
should measure it for the purposes of shadow prices.") It will be seen in
social cost-benefit analysis is not a matter Section A2.3 that the current-value
of opinion, it has an unambiguous answer. Hamiltonian measures the 'well-being
We need a formal model to establish this. return' on the value of all capital assets.
In this appendix we present what we hope In short, it is a measure of the return on
is a canonical model of an optimizing wealth. This provides us with the
economy for doing so. necessary connection between the current-

Our aim here is to display the value Hamiltonian and real net national
connection between accounting prices, product. NNP is merely a linearized
rules for project evaluation, and national version of the current-value Harniltonian,
product accounting in a context that is the linearization amounting to
simple. but that has sufficient structure to representing the current flow of well-
allow us to obtain a number of being by the shadow value of all the
prescriptions alluded to in the body of the determinants of current well-being. In the
chapter. In order to keep to what, for our simplest of cases, where cdrrent well-
purposes in this chapter, are essential being depends solely on current
matters, we will ignore the kinds of consumption, NNP reduces to the sum of
'second-best' constraints (for example, the accounting value of an economy's
market disequilibria) that have been the consumptions and the accounting value of
centre of attention in the literature on the changes in its stocks of real capital
project evaluation in poor countries; as, assets.
for example, in Dasgupta, Marglin and The Hamiltonian calculus in fact
Sen (1972) and Little and Mirrlees implies something more. It implies that
(1974). The principles we will develop the present discounted sum of today's
here carry over to disequilibrium current value Hamiltonian is equal to the
situations. For expositional ease, we will maximum present discounted value of the
restrict ourselves to a closed economy. flow of social well-being (equation A13

We will take it that the aggregate well- below). This was not seen immediately as
being functional is the (possibly an implication of the mathematical theory
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of programming, although it should have against both these ill-elects. I:irstly,
been transparent from the work of Arrow society can invest in lechnoilogies (e.g.
and Kurz (1970) and Solow (1974a). Each stack-gas scrubbers) lor reducing the
of these matiers will be illustrated in our emission Of pollutants, and we denote the
formal model. stock of this defensive capital by K,. l1 P

denotes the emission ol pollutants. we
A2.2. NNP in a Deterministic have P=A(K4.Y), where A is a convex

Environment function, decreasing in K4 and inicreasing
in Y. Secondly, society can mitigate

We consider an economy that has a damages to the flow Of ameinities by
multi-purpose, man-made, perfectly expending a portion ol iinal output. at a
durable capital good, whose stock is rate R. We assume that the resulting llow
denoted by K,. If L, is the labour effort of amenities has the Functional lorm,
combined with this, the flow of output is Z=J(R,P), where J is increasinig in R and
taken to be Y=F(K,,L,), where Ft.) is an decreasing in P.
aggregate production function. - The There are thus lIur things thal can be
economy enjoys in addition two sorts of done with output Y: it can be consumed
enviromnental-resource stocks: clean air, (we denote the rate ol consumption by C):
K,, and forests, K3. Clean air is valued it can be reinvested to increase the stock
directly, whereas, forests have two of Ki; it can be invested in the
derived values: they help keep the accumulation of K4: and it can be used, at
atmosphere (or air) 'clean', and they rate R, to counter the damages to the Ilow
provide fuelwood, which too is valued of environmental amenities. Let Q denote
directly (for warrnth or for cooking). the expenditure on the accumulation of
Finally, we take it that there is a flow of K4.
environmental amenities, Z, which Now, the environment as a stock tries
directly affects aggregate well-being. to regenerate itself at a rate which is an

Forests enjoy a natural regeneration increasing function of the stock of forests,
rate, but labour effort can increase it. G(K3). The net rate of regeneration is the
Thus we denote by H(L,) the rate of difference between this and the emission
regeneration of forests, where L2 is labour of pollutants from production of Y. We
input for this task, and where H(.) is, for can therefore express the dynamics of the
low values of L, at least, an increasing economy in terms of the following
function. Let X denote the rate of equations:
consumption of fuelwood. Collecting this
involves labour effort. Let this be L3.
Presumably, the larger is the forest stock dK,/dt = F(K,. L,) - C - Q - R (Al)
the less is the effort required (in calorie dKIdt = G(K3) - A(K4.F[K,.L,])(A2)
requirements, say). We remarked on this dK3fdt = H(L,) - X (A3)
earlier. We thus assume that X=N(K3,L3), dK41dt = Q (A4)
where N(.) is an increasing, concave X = N(K3,L3) (AS)
function of its two arguments. and Z = J[R,A(K44F[KI.L,J)]. (A6)

Output Y is a basic consumption good,
and this consumption is also valued The current flow of aggregate well-
directly. However, we take it that the being, W. is taken to be an increasing
production of Y involves pollution as a function of aggregate consumption. C; the
byproduct. This reduces the quality of the output of fuelwood. X; the flow of
atmosphere both as a stock and as a flow environmental amenities. Z; and the
of amenities. We assume however that it quality of the atmosrheric stock, K,.
is possible to take defensive measure However, it is a decreasing function of
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total labour effort. L= L1+L,+L3. (As what kinds of information we need for
noted in the text, labour effort could be estimating accounting prices. (A9) are the
measured in calories.) We thus have intertemporal arbitrage conditions thlut
W(C,X.Z,K,.L,+L-,+LO. must be satisfied by accounting prices.

Stocks Or the four types of assets are We may now derive the correct
given at the initial date: the instantaneous expression for ntc national product (NNI')
control variables are C. Q, R, X. Z, LI, L. from equation (A7): it is the linear
and L.. TIhe obJective is to maximize the support of the lHamiltonian, the normal to
(discounted) sum or the flow of aggregate the support being given by the vector of
well-being over the inderinite future; that accounting prices.
is It will pay us now to introduce time

into the notation. Let us denote by O°* the
JWW(C,X,ZK.L,+L,+Le)c-^'dt, where 6>0 vector of' all the non-price arguuments in
(see Section 8). the Hamiltonian function along the

optimal programme at date t. Ihus:
We take well-being to be the 0 *

numeraire. Letting p. q, r and s denote the (C,*.Z,*.Q,*,RZ*,lt*,K,*K,* * l ,K4,*' .111*I
(spot) shadow prices of the four capital L2,L3t*)'
goods, K2, K2. K3and K4 respectively, and Write I1,dK,/dt, for i 1.2,3,4. Consider
letting v be the imputed marginal value of now a small perturbation at t round 0,*.
the flow of environmental amenities, we Denote the perturbed programme as an
can use equations (Al)-(A6) to express unstarred vector, and dO, as the
the current-value Hamiltonian, V. of the perturbation itself. It follows from taking
optimization problem as: the Taylor expansion around O* that the
V = W(C,N(K3.L3).Z.K-,L1 +L,+L3) + current-value Hamiltonian along the
p[F(K,L,)-C-Q-R] + q[G(K3)- perturbed programme is:
A(K4.F[K,,L1])] + r[H(L,)-N(K3,L3) + sQ V(O) = V(O,*) + WCdCt + WXdX, +

WzdZ, + W1_(dL,g-dL,,+dL 3) + pdl, +
+ v(J[R,A(K4,F[Kl,Lj])]-Z) (A7) qdI21 + rdl3, + sd14,,

where Z*=J[R*,A(K4*,F[K, *.L,*])].(AIO)
Recall that the theory of optimum Equation (AIO) tells us how to

control instructs us to choose the control measure net national product. Let {Ott
variables at each date so as to maximize: denote an arbitrary intertemporal
(A7)Y. Writing by Wc the partial programme. NNP at date t, which we
derivative of W with respect to C, and so write as NNP,, in the optimizing
forth, it is then immediate that, along an economy, measured in well-being
optimal programme the control variables numeraire, is the term representing the
and the shadow prices must satisfy the linear support term in expression (A10).
conditions: So,
(i) WC = P; (ii) WxNl + WL = rN,; (iii)
WZ = V; (iv) WI = [qA1-vJ,-p]F,; (V) WL NNP, = W_C1 + WXX +

-rdH(LI)/dL,; (vi) p = vJ,; (vii) p WzJ [ R,A(K 4 t. F [ K,. 1,) +
S.S (AS) WL(LIt+L,I+L3t) + pdKI/dt + qdK,/dt +

Moreover, the accounting prices, p, q. rdK3/dt + sdK4/dtY"' (Al 1)
r, and s satisfy the auxiliary conditions:
(1) dp/dt = -OV/5OK1 + bp; (2) dq/dt = - Notice that all resources and outputs
OV/8K2 + 8q; (3) dr/dt = -8V/8K3 + 8r; are valued at the prices that sustain the
(4) ds/dt = -6V/0K4 + Ss. (A9) optimal programme {Ot* 1.16 In order to

Interpreting these conditions is today a stress the points we want to make here.
routine matter. Conditions (A8) tell us we have chosen to work with a most
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aggregate model. Ideally, (income) were we to recognize a part of the wage
distributional issues will find reflection in bill as a return on the accumulation cf
the well-being functional. These human capital, that part would be
considerations can easily be translated included in NNP.
into the estimates of shadow prices (see (b) Current defensive expenditure, R,
Dasgupta, Marglin and Sen, 1972). against damages to the flow of

Why should expression (All) be environmental amenities should be
regarded as the correct measure of net included in the estimation of final demand
national product? The clue lies in (see the third term in expression (A9)).
expression (AIO). Suppose we are (c) Investments in the stock of
involved in the choice of projects. A environmental defensive capital should be
marginal project is a perturbation on the included in NNP (see the final term of
current programme. Suppressing the index expression (Al 1)).
for time once again, the project is the 10- (d) Expenditures that enhance the
vector (dC, dX, dR, dL,, dL.,, dL3, d1l, environment find expression in the value
dl,, d13, dl4), where Ii = dl 1fdt, imputed to changes in the environmental
(i=1,2,3,4); and dC, and so on, are small resource stock. We may conclude that this
changes in C, and so forth. If the project change should not be included in
records an increase in NNP, (the increase estimates of NNP (notice the absence of
will bc marginal of course), it will record sQ in expression (Al 1)).
an increase in the current-value (e) The value of changes in the
Hamiltoniian, evaluated at the prices environmental resource base (K2 and K3)
supporting the optimal programme. Recall should be included in NNP. However,
that op.imal control theory asks us to anticipated capital gains (or losses) are
maximize the current-value Hamiltonian. not part of NNP.
Moreover, we are assuming that the
planning problem is concave. So, A2.3. The Hamiltoniaia and Sustainable
choosing projects that increase NNP (i.e. Well-Being
they are socially profitable) increase the
current-value Hamiltonian as well and, Differentiate expression (A7) and use
therefore, they should be regarded conditions (A9) to confirm that along the
desirable. Along an optimal programme optimal programme:
the social profitability of the last project dV,*/dt = b(pdK,/dt + qdK,/dt +
is nil. Therefore, its contribution to NNP rdK,/dt + sdK4/dt)
is nil. This follows from the fact that the = &(Vt* - W1*), (A12)
controls are chosen so as to maximize where WV,* is the flow of optimal
expression (A7). This is the justification. aggregate well-being.
All this is well-known, and our purpose This is a differential equation in V1*
here is to obtain some additional insights. which integrates to:
Expression (All) tells us: Vt* = SJiW,*e4(s'-)dT, and thus

Vt*,p-J4t1'd-r = ,W,*e41`cdx. tAl 3)
(a) If wages were equal to the Equation (AI 3) says that the present

marginal ill-being of work effort, wages discounted value of a constant flow of
would not be part of NNP. In short, the today's current-value Hamiltonian
shadow wage bill ought to be deduc-ted measures the maximum present value of
from gross output when we estimate the flow of social well-being.
NNP. (If labour is supplied inelastically, Define Ki-pK,+qK2+rK3+sK4 as the
it is a matter of indifference whether the aggregate capital stock in the economy.
wage bill in this optimizing economy is The first part of equation (A12) can then
deducted from NNP.) On the other hand, be written E .:
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V 5K% (A14) previous section. As is proper, we use
In short, the current-value Hairiltonian dynamic programming, and proceed to
measures the 'well-being return' on the work backwards. Thus, let K,T (with
economy's aggregate capital stock, i=1,2,3,4) denote the stocks of the four
inclusive of the environmental-resource assets at date T. Following an optimal
base. economic policy subsequent to the

occurence of the event would yield an
A2.4 Future Unkcertainty expected flow of aggregate well-being.

This flow we discount back to T. This
We will now extend the analysis for capitalized value of the flow of well-being

the case where there is future uncertainty. will clearly be a function of K,T. Let us
As an example. we could imagine the denote this by B(KI,TK2T,K3T,K.JT). It is
discovery and installation of cleaner now possible to show that until the event
production technologies which make occurs (i.e. for t<T), the optimal policy is
existing abatement technologies less to pretend that the event will never occur,
valuable. For simplicity of exposition, we and to assume that the flow of aggregate
will assume that such discoveries are well-being is given, not by W(.), as in
uninfluenced by policy, for example, Section A2.1, but by (1-$')W(.) + nB(.).
research and development policy."7 (See Dasgupta and Heal, 1974.)

It is most informative to consider Suppressing the subscript for time, we
discrete events. We may imagine that at may then conclude from the analysis of
some random future date, T, an event the previous section that NNP at any date
occurs which is expected to affect the prior to the occurrence of the event is
value of the then existing stocks of given by the expression:
capital. We consider the problem from the NNP = (l-$)[WcC +WxX +
vantage point of the present, which we WzJ[R,A(K4 .F[K,ILl])] + WL(LI+L2LL3) +
denote by t=O; where t, as always, denotes pdK1/dt + qdK2/dt + rdK3/dt + sdK4/dt].
time. Let us assune that there is a (AI5)
(subjective) probability density function, Notice that if the event is not expected
', over the date of its occurence. (We are to occur ever, then n'=O for all t, and
thus supposing for expositional ease that consequently, (l-&I)=l for all t. In this
the event will occur at some future date.) case expression (AlI5) reduces to
From this we may define the cumulative expression (Al1). Notice that the
ftmction Cp. accounting prices that appear in

We take it that the social good is expression (Al5) are Arrow-Debreu
reflected by the expected value of the sum contingent commodity prices. Notice too
of the discounted flow of future aggregate that while we have used the same notation
well-being. If the event in question were for the accounting prices in expressions
to occur at date T, the economy in (All) and (A15), their values are quite
question would enter a new production different. This is because future
and ecological regime. We shall continue possibilities in the two economies are
to rely on the notation developed in the different.
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NOTES

1. International figures, such as these, discussion of the UNEP estimate, see
are known to contain large margins of Gigengack et al. (1990). The estimate
error. Nevertheless, they offer orders by Mabbut (1984), that approximately
of magnitude. For this reason, we will 40% of the productive drylands of the
allude to them. However, we will not world are currently under threat from
make use of them for any other descrtification, probably gives an idea
purpose. of the magnitude of the problem. For

accounts of the economics and
2. There were exceptions of course (e.g. ecology of drylands, see Falloux and

C.S.E., 1982, 1985; Dasgupta, 1982a). Mukendi (1988) and Dixon, James
Moreover, agricultural and fisheries and Sherman (1989, 1990). We will
economists have routinely studied discuss the notion of environmental
environmental matters. In the text, we stress in Section 6.
are referring to a neglect of
environmental matters in what could 8. See Dasgupta (1993) for further
be called 'official' development discussion of these linkages.
economics.

9. See, for example, Falkenmark (1986,
3. Minerals and fossil fuels are not 1989), Olsen (1987), Nelson (1988),

renewable (they are a prisitine Reij, Mulder and Begemann (1988)
example of exhaustible resources), but Falkenmark and Chapman (1989), and
they raise a different set of issues. For Munasinghe (1992).
an account of what resource allocation
theory looks like when we include 10. There dre added complications, among
exhaustible resources in the which is that the impact on the rate of
production process, see Dasgupta and regeneration of environmental
Heal (1979), Hartwick and Olewiler resources of a wide variety of
(1986) and Tietenberg (1988). For a investnent decisions is not fully
non-technical account of the theory reversible, and in some cases is quite
and the historical role that has been irreversible. The capital-theoretic
played by the substitution of new approach guides the exposition in
energy resources for old, see Clark (1976), who, however,
Dasgupta (1989). concentrates on fisheries. See

Dasgupta (1982a) for a unified
4. The economic issues arising from capital-theoretic treatment of

such non-linearities are analysed in enviromnental management problems
Dasgupta (1982a). See also Section in the context of poor countries.
14.

11. Poland's GNP represents about 3% of
5. Ehrlich and Roughgarden (1987) is an European GNP (excluding the former

excellent treatise on these matters. Soviet Union); but its energy
consumption is about 8% of the

6. Anderson (1987) contains an corresponding European figure.
authoritative case study of this.

12. World Bank (1992) offers a similar
7. One notable, and controversial, viewpoint.

esimate of worldwide productivity
declines in livestock and agriculture in 13. We are keeping consumption and
the drylands due to soil losses was production units separate here,
offered in UNEP (1984). The figure because this is how the matter is
was an annual loss of $26 bn. For a typically presented. In subsistence
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economies, households are involved in fertilizers, pest controls, and improved
both production and consumption. seeds are used. See Norse (1985) for
Our account would in fact be simpler sample calculations of this sort. It
for such systems. may be noted that Cihina averages

only about 0.09 hectares of arable
14. See especially Georgescu-Roegen land per head, whilc Indonesia, India

(1971) for a critique of production and the USA average 0.12, 0.20 and
models that neglect this Law. 0.55, respectively (see ('lark, 1989).

15. This equality is subject to the 23. They must possess some structural
assumption that there are no consumer stability. otherwise they would havc
durables. The mass of inllows would been destroyed a long time ago. The
exceed the mass of outflows if much-discussed Gaia hypothesis
consumer durables were significant, concerns thU structural stability of the

global eco-system (see e.g. Ehrlich
16. The principle was introduced into and Roughgarden. 1987).

economics by Ayrcs and Kneese
(1969), and was further developed by 24. This issue was the focus ol Dasgupta
d'Arge, Ayres and Kneese (1970) and and Heal (1974) and Solow (1974a).
Miler (1974). This section is based See Dasgupta and Heal (1979,
on Miler (1974). Chapters 9-10) for an elaboration.

17. In saying this, we are not subscribing 25. For an account of this programme, see
to an environmental theory of value. Dasgupta and Heal (1979. Chapters 9-

1 0).
18. There is an exception: the energy

released from nuclear plants. But as 26. Dasgupta and Heal (1974) and Solow
this is negligible, we will ignore it. (1974a) provide exercizes of this sort

in economies with exhaustible
19. We are putting the question in the resouwrces.

way Tolstoy did.
27. For a re-assertion of the Ramsey-

20. The computation is taken from Payne Parfit viewpoint, see Broome (1992).
(1985, p.7). An original source of this
kind of calculations is Leach (1975), 28. Koopmans's theorems were proved
who provided estimates of energy under the assumption that time is
inputs and outputs per hectare for a discrete. In Koopmans (1972a.b) the
variety of agricultural systems (see ethical axioms are imposed directly on
also Bayliss Smith, 1981). Higgins et [c, and W(.) is obtaintd as a
al. (1982) estimated the carrying numerical representation.
capacity of different types of land in
poor countries. This section is taken 29. For simplicity of exposition, we will
from Dasgupta (1993). begin by focussing on a full optimum.

In Section 9. when commenting on
21. 1 kcal (kilocalorie) equals cost-benefit analyses of policies to

approximately 4.184 kJ (kilojoules). combat global warming, we will look
at second-best situations. Social cost-

22. The carrying capacity of land can be benefit analysis in second-best
increased enormously by suitable circumstances was the subject of
investment. In irrigated rice discussion in Dasgupta, Marglin and
cultivation a hectare can support as Sen (1972) and Little and Mirrlees
many as 15 people, provided (1974).
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30. Therefore, unless the numeraire has 35. The classic on household production
been specified, the term 'social is Becker (1981).
discount rate' is devoid of meaning.

36. A second approach to the estimation
31. See Dasgupta (1993, Chapters *7 and of accounting prices orenvironmental

* 10). The technical restrictions resources is based on contingent
amnount to the requirement that the valuation methods (or CVMs). '[hey
Kuhn-Tucker Theorem is usable; i.e. involve asking concerned individuals
that both the set of feasible allocations to reveal their equivalent (or
and the ethical ordering reflected by compensating) valuation of
the aggregate well-being function are hypothetical changes in the flow of
convex (see Appendix 2). T'he environrmental set v ices. CVMs are
assumption of convexity is dubious useful in the case of amenities, and
for pollution problems, and we will their applications have so far been
study the question in Section 14. confined to advanced industrial
Nevertheless, in a wide range of countries. As we are not focusing on
circumstances, it is possible to amenities in this chapter, we will not
separate out the 'non-convex' sector, develop the ideas underlying CVMs
estimate real national income (or any further. The most complete
product) for the 'convex' sector, and account to date on CVMs is Mitchell
present an estimate of the desired and Carson (1989). See also the report
index as a combination of the real on the NOAA Panel on Contingent
product of the convex sector and Valuation (co-chaired by K.J. Arrow
estimates of stocks and their changes and R.M. Solow) in the Federal
in the non-convex sectors. This is a Register. 58(10), 15 January 1993.
simple inference from Weitzrnan
(1970) and Portes (1971). 37. During the moratorium the whale

population grows at the fastest
32. For a simplified exposition of the possible rate. In his numerical

connection between these two modes computations, the commercially most-
of analysis (reforms and profitable duration of the moratorium
optimization), see Dasgupta (1982a, was found to be some 10-15 years.
Chapter 5).

38. The pioneering works are Arrow and
33. If education is regarded as a merit Fisher (1974) and Henry (1974). See

good, and not just a means of raising also Dasgupta (1982a), Fisher and
productivity, then its accounting price Hanemann (1986) and Miler (1989).
would be that much higher.

39. Watersheds are fairly self-contained
34. See, for example, Brown and ecological systems. The most critical

McGuire (1967) for irrigation water; sector of a watershed is forest cover.
Clark (1976), Cooper (1977) and The forest not only offers direct yield
Dasgupta (1982a) for fisheries; to its population, it maintains
Magrath and Arens (1989) atid ecological balance and water regime,
Repetto et al (1989) for soil fertility; dampens floods and droughts, retards
Newcombe (1984) and Anderson wind and water erosion and
(1987) for forestry; Solorzano et al. sedimentation. Watershed lowlands
(1991) for the latter three; and are typically used for the production
Munasinghe (1993) for a,iwIde variety of staple food, and are usually flat
of developing country cases. plains of alluvial and heavy soil. See

Easter, Dixon and Hufschmidt (1986)
and Rogers (1992) for an account of
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the economics of watersheds. The 46. Aumann (1966) showed that the
classification of externalities into two requirement that preferences be
categories, 'unidirectional' and convex is not necessary in large
'reciprocal' (see below in the text), economies. We should also note that
follows Dasgupta (1982a). a third theorem of modem welfare

economics, which says that
40. But see Dixon (1992) and Hodgson competitive equilibrium allocations

and Dixon (1992) for an attempt at are Pareto efficient, does not require
such an estimation for the Bacuit Bay the convexity assumption.
and the El Nido watershed on
Palawan, in the Philippines. The cause 47. In wording the matter this way. we
of damages (to tourism and fisheries) are taking liberties with the legal
was due to logging in the uplands. language. It was one of the points of
Dixon's computations were Coase's article that the question of
incomplete, but such as they were, the which party should be thought of as
analysis did point to the desirability of inflicting harm on which other party
a reduction on logging. is itself dependent upon the structure

of property rights.
41. Rulers had control over such

resources in many early societies. But 48. This means that assumptions (ii) and
that was not the same as private (iii) are not unrelated.
property rights. Rulers were obliged
to make them available to the ruled. 49. Fractional amounts can be
Indeed, one of the assumed duties of incorporated without affecting the
rulers was to expand such resource analysis.
bases.

50. For further discussion, see Dasgupta
42. It should be noted that a resource (1982a).

being common-property does not
mean that people have free access to 51. The remainder of this section is taken
it. Often, only those households with from Dasgupta (1 982a).
a historical right of access are
permitted by the community to avail 52. By considering the two parties jointly.
themselves of local common-property the government internalizes the
resources (see below). pollution externality.

43. Not everyone writing on the subject 53. This section has been taken from
has misread the literature. For Dasgupta (1993, Chapter 10).
illuminating accounts of the way
communities have jointly controlled 54. The payoff (or utility) to a community
common-property resources, see is the net return per unit of time spent
Feeny et al. (1990) and Ostrom in harvesting the resource and in
(1990). defending it. For a review of the

evidence, see Smith (1987). Boserup's
44. Kreimer and Munasinghe (1991) is an well-known thesis (see Boserup,

excellent collection of studies on the 1965), that high population density is
management of natural disasters. usually associated with private

property rights and the use of the
45. The classic exposition of this is plough, is somewhat different from

Koopmans (1957). the classification we are discussing in
the text.
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55. This section is based on Dasgupta and 61. Cookin in a poor household is a
Maler (1991). verticalIf y-integrated activity: nothing

is processed to begin with. It is time-
56. The most complete account we have intensive.

read of the centrality of local forest
products in the lives of the rural poor 62. World Bank (1991) has provided
is Falconer and Arnold (1989) and weak confirmation of the thesis in the
Falconer (1990) on Central and West context of parts of sub-Saharan
Africa. The importance of common- Africa.
property resources for women's well-
being in historical times has been 63. See Sundstrum and David (1988) for
stressed by Humphries (1990) in her an empirical investigation of this in
work on T8th century rural England. the context of antebe]lum America.
The parallels with modern-day poor
societies are remarkable. 64. See, for example, Cecelski (1987),

Fernandes and Menon (1987), Kumar
57. Provided people are sufficiently far- and Hotchkiss (1988), and C.S.E.

sighted, norms of behaviour that (1990).
sustain cooperation can be shown to
be self-enforcing (i.e. are subgame- 65. See Chen (1983) for a review of the
perfect Nash equilibria) in stationary link between improved water supply
environments. For a demonstration of and health benefits among the rural
this in the context of repeated games poor.
amongst infinitely-lived agents, see
Friedman (1971), Aumann and 66. The need for reinforcing the capacity
Shapley (1976), Fudenberg and of rural communities to make
Mlaskin (1986), and Abreu (1988); decisions about matters pertinent to
and in the context of overlapping them is the subject of a special issue
generations, see Dasgupta (1 993. of The Administrator (Lal Bahadur
Chapter 8). Shastri National Academy of

Administration, New Delhi), 35
58. Durham (I979) provides a compelling (1990). On the role of local

analysis of the 1969 "Soccer WarM organizations in rural development,
between El Salvador and Honduras. see Esman and Uphoff (1984) and
The explanation he provides of the Baland and Platteau (1993).
disfranchisement of the poor is based
not on reduced land-man ratios, but 67. Dixon et al. (1991) contains a good
on the expansion of commercial review of CGE models and their
agriculture by the largest landholders rationale. There are also several
in the region. softwares available; both for

constructing and for solving such
59. For altemative demonstrations of this models (e.g. the General Algebraic

theorem, see Cohen and Weitzrnan Modelling System, developed at the
(U975) and Dassgupta and Heal (1979. World Bank).

han ter 3). The analysis in these
wor assumes that the property is 68. See Miiler (1990) for a more detailed
perfectly divisible. Often, in poor discussion of these issues.
communities an asset is a common
property because it is indivisible (see 69 See Tietenberg (1980, 1990) for
Noronha, 1992). Privatization of any reviews of the experience that has
such property increases inequality, been accumulated with such schemes

in the United States. See also
60. Exceptions are Dasgupta and Miiler Dasgupta (1982a) and Miller (1990)

(1991), and Dasgupta (1992). for mathematical formalizations of
these schemes under varying
environmental circumstances. The
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m o t i v a t i o n b e h i n d t h e s e 81. The current-value 1-Harniltonian in
formalizations is that they enable us general also contains terms reflecting
to calculate the efficiency gains the social cost of breaking any
realizable by such resource allocation additional (second-best) constraint that
mechanisms. happens to characterize the

optimization problem. As mentioned
70. See Dasgupta, Hammond and Maskin in the text, we ignore such additional

(1980) for a formal analysis of constraints ror the sake of
optimal incentive schemes for expositional case.
pollution control.

82. In what follows we assume that all
71. How a national government allocates functions satisfy conditions wvhich

the nation's rights among agencies ensure that the planning problem
within the country is a different defined below is a concave
matter. programme. We are not going to spell

out each and every such assumption,
72. Low (1992), Bhagwati (1993) and because they will be familiar to the

Srinivasan (1993) contain discussions reader. For example, we assume that
of these matters. F(.) is coincave.

73. The connection between the two 83. Notice that we have used equation
approaches is discussed in Dasgupta (A5) to eliminate X, and so we are
(1972, 1982a). Ieft with 6 direct control variables.

74. This has shortcomings (see Dasgupta, 84. F, stands for the partial derivative of
1993, Chapters 11-12), because a F with respect to its second argument,
household typically consists of more L,; and as mentioned earlier, L = LI +
than one individual. But it will not L, + L3. We have used this same
matter here. Our aim is to sketch the n6tation for the derivatives of N(.),
technical problems that are involved, J(.) and A(.).
nothing more.

85. We may divide the whole expression
75. Fredriksson and Persson (1989) have by W,. to express NNP in aggregate

used this framework for estimating consumption numeraire. It should also
the social benefits of improved water be recalled that by assumption WL is
supply in Manicaland, Zimbabwe. negative.

76. The discussion that follows is based 86. But recall the alternative framework
on Maler (1985, 1993). mentioned in Sections 10-12, in which

accounting prices are estimated from
77. Anderson also explores the risks that the prevailing structure of production

are involved in farm forestry and consumption. See Dasgupta,
programmes. Margiin and Sen (1972).

78. There are other purposes to which the 87. Research and development policy can
idea of national product has been put; be easily incorporated into our
for example, as a measure of analysis (see Dasgupta, Heal and
economic activity. They require Majumdar, 1977). The following
different treatments. We are not account builds on Dasgupta and Heal
concerned with them here. (1981),

and Dasgupta (1982b). Twhese earlier
79. This a ppndix is taken from Dasgupta contributions, however, did not

and MaIer (1991) and Miiler (199t). address the measurement of NNP, our

80. The best economics treatment of all present concer.
this is still Arrow and Kurz (1970).
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