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Introduction 

ECONOMICS AND NATURAL-RESOURCE SCARCITY 

Although the analysis of environmental and resource problems isconsidered a comparatively new field in economics, tbrmal economicanalysis of natura!-resource scarcity can he traced back to classicalpolitical economy and the foundation of economic ideas. Contemporaryapproaches to problems such as pollution, optimal depletion rates andcommon-property exploitation are, however, substantially different fromthe classical concern with the scarcizy of arable land and diminishingreturns in agriculture. Not only has environmental economics benefitedfrom general developments in modem economics, but it has also beensubject to important non-economic influences, namely environmentalism, ecology and thermodynamics. Ca the one hand, incorporating theseinfluences presents a fundamental challenge to conventional economicanalysis; on the other, they can be assimilated into more integratedalternative economic approaches for analysing the trade-off between 
resource use and environmental problems.

The essential theme underlying these alternative approaches is thatenvironmental degradation arising from economic activity imposes costson the economic system. These costs may or may not be captured by themarkets of that system. Nevertheless, if these costs are increasing over
time then they are an indication of a new type of natural-resource scarcity
phenomenon. The rising costs associated with environmental degradation
also suggest that the current pattern of economic development may not,
in the long run, be environmentally sustainable. Thus, the emergingalternative approaches to natural-resource scarcity are essentially.responses to a new class of environmental problems confronting the world
today such as deforestation, climatic change from global warming, acidrain, desertification and watershed degradation. These problems bothresult from and lead to more complex economic-environmental interactions than more conventional models of pollution discharge or resourcedepletion would suggest. This book isessentially about those contemporary developments in environmental and resource economics which areconcerned primarily with the long-run sustainability of economic 'ictivity. 
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It is important to remember that these new approaches are lust the 
latest phase in the long evolution of the economic analysis of resource 
problems. A good way to understand these contemporary developments 
and appreciate their full potential as a contribution to economic analysis 
is to contrast them with more conventional approaches and to examine the 
historical evolution of the economic analysis of natural-resource scarcity. 
This i the approach taken by this book. Therefore, one isable to identivf 
many common themes arising throughout the evolution of the economic 
analvis of environmental problems. For example, one important theme 
that will arise conaistently in this book is the distinction between an 
absolute, or physical, natural-resource scarcity phenomenon and a 
relative scarcity phenomenon. The former has often been referred t- as 
Malthusian scarcity and the latter Ricardian scarcity. 

As the terms absolute and relative scarcity will be used throughout this 
book, it is important to discuss their distinctions a bit further: 

Absolute natural-resource scarcity is fairly straightforward. It may occur 
if an economic activity or a whole system of economic activities depends 
upon an essential natural resource that has a finite limit on its physical 
avaolability. As that resource is depleted through use in the economic 
process, it may become absolutely scarce in a physical sense: there will be 
no more of that resource to be used. Absolute natural-resource scarcity is 
often referred to as Malthusian scarcity because it usually applies to 
resources of uniform quality and with an ultimate physical limit; however, 
absolute scarcity may also occur for physically limited resources if there 
are no substitutes in economic activity for these resources as they become 
increasingly scarce. Hence, the crucial factor in absolute natural-resource 
scarcity is the possibility of physical environmental limits on the economic 
processes of production and the consumption of goods and services. 

Relative natural-resource scarcity is a slightly more complex concept, vet 
it goes right to the heart of modem neo-classical .aonomic analysis. 
According to neo-classical theorv, economics is "a science which studies 
human behaviour as a relation between ends and scarce means which have 
alternative use".' Thus a situation of relative scarcity always exists 
because resources are "limited" with respect to human wants, and human 
wants are "unlimited" in relation to resources. However, some resources 
are more relatively scarce than others. For example, a resource that is 
relatively abundant, such as air, may be used simultaneously for many 
activities (e.g., breathing, internal combustion and photosynthesis) such 
that employing the resource to fulfil one use (e.g., breathing) does not 
mean sacrificing alternative uses of the resource (e.g., internal combustion 
and photosynthesis). In contrast, if a resource is relatively scarce, such as 
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coal, allocating the resource to fulfil one use (e.g., generating electricity)
will mean less of the resource will be available to fulfil alternative use (e.g., 

domestic heating). 

In a market economy, relatively scarce resotrces are allocated primarily
by means of the price mechanism. The increasing relative scarcity of a 
resource implies a greater demand for it and therefore 2 higher price
relative to other resources. More formallv, if the price ofa relatively scarce 
resource were dropped to zero, then the quantity demanded of that 
resource must exceed the quantity supplied. Alternatively, if at zero price
the quantity demanded does not exceed quantity supplied, then clearly
the resource is not relatively scarce. This implies that all potential uses of 
the resource can be fulfilled even if no price is charged.2 Thus, under 
efficient market conditions, the increasing relative scarcity of a resource 
should translate into higher relative prices being charged for it. 

Relative natural-resource scarcity would occur, therefore, if a resourceessential to economic activities was used increasingly so that it became 
scarce relative to demand. If the resource is traded in an efficient market 
system, its economic value, or price, will rise. The crucial feature of
relative natural-resource scarcity is that this phenomenon does not 
require any absolute physical resource limits. Instead, the total quantity

of a resource may be unlimited but the quality of supplies may

continuously diminish. That is, as the resource 
is extensively exploited,
the economic process will have to appropriate it at lower and lower quality

grades. Since the lower quality grades are generally less productive, more

of the resource is required to match previous productivity levels. 3 This
 
requires greater effort in resource exploitation and so leads to a rise in
 
average costs; if this effort does not 
 increase, the result is a decline in
 
effective resource supplies (i.e., they become less and less productive). In

both instances, the increasing relative scarcity is reflected in higher prices.
For example, as good arable land is used up, marsh land and other less
productive marginal lands may be converted to agriculture. By applying
greater agricultural inputs (e.g., labour, mechanization, fertilizers, pesti
cides, etc.) the productivity of the newly converted land can be raised to
the level of good arable land  but only at a higher unit cost. In contrast,
if both lands receive the same package of inputs, productivity on the 
marginal lands would be lower and thus unit costs would still be higher.

Relative natural-resource scarcity is sometimes referred to as Ricardian 
scarcity as it is often thought to arise from the diminishing quality or
accessibility of resources without requiring limits on the physical
availability of resource stocks. If efficient markets exist for a natural 
resource, any increase in its relative scarcity will lead to higher relative
prices for its productive services. As a consequence, there can only be a 
long-run economic constraint arising from relative natural-resource 
scarcity if the lack of these productive natural resources imposes such 
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high costs within the economic system that growth in output cannot 
In turn, this depends on whether higher relative prices automatioccur. 

caliv induce the technological substitution of other economic resources 
for the scarce natural resources and stimulate changes in consumption 
patterns to reduce demand. 

Since the evolution of classical economic theory, economists have 
frequently expressed concern over whether natural-resource scarcity 
phenomena display relative or absolute scarcity characteristics. For 
example, the classical economists considered the scarcity of fertile land 
relative to the demands of an expanding population to be a key 
determinant in their theories of economic growth and distribution ksce 
Chapter 1). The association of absolute scarcity with Malthusian scarcity 
arose because the Rev Thomas Malthus isthought to have argued that the 
fixed availability ofagricultural land eventually leads to physical limits on 
the growth of subsistence production. Similarly, David Ricardo is 
thought to have initiated the concept of relative scarcity through 
assuming that agricultural land has no physical limits but was subject to 
diminishing quality and hence higher unit-costs of exploitation. 

However, the neo-classical economists of the late nineteenth and early 
twentieth centuries often ignored the possibility of any natural-resource 
scarcity constraint on growth and chose instead to focus on the efficiency 
of market systems when allocating all scarce resources used in economic 
activity. They concluded that specific natural resources used in the 
process of production and consumption, such as raw material and energy 
stocks, display the relative scarcity characteristics common to all 
economic resources used as factors of production.' Moreover, under 
optimal market conditions in a dynamic (i.e., growing) economy, it was 
generally believed that relative scarcity of natural resources would not 
operate as a long-term constraint on economic growth. In the neo
classical view of the market system, as a particular resource becomes 
relatively scarce and its market price rises, this will provide incentives for 
the technological innovation necessary to exploit marginal stocks more 
efficiently, to develop cost-effective substitutes, and to conserve the use of 
existing supplies by curbing demand. Such dynamic economic responses 
to relative scarcity are often cited as the main reasons why the pessimistic 
predictions of the classical economists never materialized. Thus, as long 
as the relative scarcity of a natural resource is reflected in market prices 
and costs, dynamic conditions should automatic2l1y alleviate anv such 
scarcity constraints. This is the conventional view of natural-resource 
scarcity that predominates in much of contemporary economic thinking 
(see Chapter 1). 

It has long been recognized that the relative scarcity of certain non
renewable natural resources, such as fossil fuels and minerals, may be 
related to their potential exhaustibility.5 For these exhaustible resources, 
eventual depletion of stocks poses the threat of an absolute constraint on 
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available supply. Economists soon noted a similar problem for renewable 
resources, such as ibrests and fisheries, where the rate of stock depletion 
can exceed the natural rate of regeneration. These features underline the 
potential relative scarcity of economically valuable natural resources; as a 
result, the problem of natural-resource scarcity was perceived to be 
fundamentally one of determining the optimal rate of depletion/ 
management of such exhaustible/renewable stocks so as to maximize 
utilit'-yielding consumption over time. This became the conventional 
economic theoretical approach to the problem of natural-resource 
scarcity (see Chapter 3). 

Modern economists have also recognized that the waste by-products of 
production and consumption may have a negative impact on human 
welfare, particularly when such pollution interferes with the health,
amenity and recreational benefits provided by the natural environment. It 
has been acknowledged, however, that these costs are often afflicted 
externally to the market mechanism.' In other words, since the negative
impacts, or costs, ofpollution are not automatically reflected in the market 
prices of waste-generating commodties, pollution is considered a classic 
example of market failure. In modern neo-classical economics, this 
characteristic of pollution usuaily affords it separate treatment from the 
phenomenon of natural-resource scarcity, where the relative scarcity of 
depletable natural resources is assumed to be reflected in market prices 
see Chapter 4). Thus, according to the conventional view, depletion of 

resource stocks is the real problem of natural-resource scarcity, whereas 
pollution is primarily a case of market failure. 

In the 1960s and 1970s, increased public awareness of global environ
mental and resource problems sparked renewed interest in the economics 
of natural-resource scarcity. From this emerged what could be termed an 
alternative to the conventional economic view of the problem. This 
alternative view was also inspired by developments in ecology and the 
possible implications of the laws of thermodynamics for the economic 
process (see Chapter 2). 

As noted above, the recent emergence of these alternative approaches
is largely in response to a new class of global environmental problems.
Essentially, tne common perspective underlying these approaches con
tains two distinguishing features. First, resource depletion and waste 
generation by the economic system tend to be seen as an integral process 
- the t'iroughput of material and energy resources in the economic 
system., Secondly, because of this fundamental economic-environmental 
interaction and the inability of the natural environment to sustain 
indefinitely the conversion of its resources into waste, an absolute 
ecological constraint on economic activity leading to the growth of 
physical output is said to exist. Initial studies portrayed this constraint in 
terms of the global limits on the physical availability of many economi
caly valuable natural resources such as fossil fuels'and timber.' More 
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recently, economic analysis has focused on the ecological damage of 
economic activity, the misallocation of resources and even growth to the 
biosphere and its natural ecosystems (see Chapter 5). What this means is 
that, in the long run, an absolute ecological constraint may arise because 
the increasing environmental degradation inflicted by the economic 
process irrevocably disrupts natural ecosystems, permanently impairing 
essential environmental functions on which economic activity and human 
welfa:e depend. 

This approach is also concerned with a fundamental relative-scarcity 
problem. As the environment isincreasingly being exploited for one set of 
uses, say, to provide new sources of raw material and energy inputs and to 
assimilate additional waste, the quality of the environment may deterio
rate. The consequence is an increasing relative scarcity of essential 
environmental services and ecological functions. These range from 
recreational, health, cultural, educational, scientific and aesthetic services 
to the maintenance of essential climatic and ecological cycles and 
functions. Thus the crucial focus of an alternative analysis is on the trade
off between, on the one hand, environmental quality and sustainabilitv 
and, on the other, resource depletion and waste generation by the 
economic process (see Chapter 5). The main objective is to demonstrate 
the physical dependency of economic activity on the sustainabilitv of 
crucial natural-resource systems and ecological functions, and to indicate 
the economic costs, or trade-offs, resulting from the failure to preserve 
sustainability and environmental quality. The result is an emerging 
theoretical justification, increasingly supported by applied analysis, for 
incorporating environmental considerations into economic policymaking, 
planning and project analysis, as part of an overall effort to achieve 
sustainable economic development (see Chapter 8). 

This alternative approach may be particularly applicable to cases where 
cumulative resource depletion and degradation through economic over
exploitation lead to severe ecological disruption and the collapse of human 
livelihoods. For example, with continuous tropical deforestation there 
may be adverse local and inter-regional ecological disturbances that 
radically alter rainkll patterns, climat. and species diversity. The result 
may be a catastrophic decline in the ability of the forest area and 
neighbouring regions to support dependent economic systems and human 
populations (see Chapter 6). Similarly, climatic changes resulting from 
the excess emission of greenhouse gases from industrial activity my 
significantly affect agricultural productivity and thus the ability of some 
regions of the world to feed their populations (see Chapter 6). Intensive 
agricultural production on marginal lands can lead to accelerating 
problems of soil erosion and trends towards long-term desertification, 
which require new policy approaches and investment strategies in order 
to sustain agricultural development (see Chapter 7). 

The alternative approach may be perhaps most relevant to cases in the 
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Third World where the combination of poverty, unequal distribution of 
land and other resources, and population growth, are pushing millions of 
people to over-exploit existing resources in order to survive. Their herds 
overgraze, their shortening fallows on steep slopes and fragile soils induce 
erosion; their need for off-season and off-farm incomes drives them to cut 
and sell fuelwood and to make and sell charcoal; they are forced to 
cultivate and degrade marginal and unstable land.' The result is 
irrevocable environmental damage with long-term economic losses. 
Assuming no change in the current distribution of land and other resource 
assets, the number of subsistence farmers, pastorailists and landless 
households - groups representing three-quarters of the agricultural
households in deve!oping economies - will increase by 50 million, to 
nearly 220 million, by the year 2000.It' Without adequate livelihood 
opportunities, these resource-poor households will continue to degrade
the environment in order simply to meet minimum subsistence and 
income needs. 

TOWARDS AN ECONOMICS OF SUSTAINABLE
 
DEVELOPMENT
 

This alternative economic view of natural-resource scarcity poses a 
serious challenge to the conventional view that has prevailed for so long.
It also offers a potentially unique theoretical insight into the problem of 
natural-resource scarcity, one that is distinct from conventional 
approaches. This book attempts to explore this potential insight by
discussing its possible contributions to environmental and resource 
economics, and also its limitations. In particular, this book will attempt to 
integrate and develop this alternative perspective nto a coherent model 
suitable for the economic analysis of environmental problems. Thus,
much of the final part of the book will be devoted to discussing examples
of the new class of environmental problems that are more appropriately
analysed through this type of model and approach. The policy impli
cations of such an analysis will also be discussed. 

The general theme is that economic analysis of environmental and 
resource problems may be turning full circ!e. There may be conditions 
under which present patterns of resource exploitation have transgressed
ecological thresholds. Anew class of problems arising from environmental. 
degradation has not been adequately dealt with by conventional economic 
approaches. These problems are occurring at the global level, such as the 
warming caused by greenhouse gases; at the regional level, such as 
Amazonian deforestation; and at the more local level, such as upper
watershed degradation on Java. The challenge is to extend environmental 
and resource economics to analyse these new kinds of natural-resource 
scarcity and the environmental conditions for sustainable development. 
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It may still be theoretically possible in the neo-classical system to 
conceive of scarce resources as being infinitely substitutable so that 
economic growth, in principle, can proceed forever. However, there is 
increasing concern that actual economic systems do not always contain 
the automatic self-regulating mechanisms for ensuring the perpetual 
environmental sustainability of current economic development paths. 
Consequently, if a more sustainable development path is our objective, 
there must be a consistent economic analysis ofthe problems arising from 
environmental degradation and the trade-offs implicit in any ecological 
constraints. 

For example, the recent report of the World Commission on Environ
ment and Development makes it very clear that our current global path of 
economic development is unsustainable. To quote just a few examples: 
more land has been cleared for settled cultivation in the past 100 years 
than in all the previous centuries of human existence; over the last 35 
years, the consumption of chemical fertilizers increased ninefold, the use 
of pesticides increased thirty-two fold and irrigated areas doubled; anA 
around 325 to 375 million tonncs of hazardous wastes were generaLed 
worldwide, with around 5 million tonnes produced hy ne':-,v industrial
ized and developing countries. Dealing wi-h the environmental problems 
that are inevitably arising from such trends requires a new way of looking 
at the inter-relationship between the economic process and the environ
ment: it requires an economics of sustainable development. We are not 
there yet. Nevertheless, this book offers one vision of the way that 
economic analysis is evolving, and must evolve still further, in this 
direction. 

The book consists of nine chapters, which can be grouped into four 
parts. The first part (the Introduction, and Chapters 1and 2) provides an 
overview of the historical background to environmental and resource 
economics and analyses the impact of environmentalism, ecology and 
thermodynamics on contemporary approaches. The second part (Chap
ters 3 and 4) highlights the more recent developments and extensions of 
conventional approaches in environmental and resource economics, in 
particular their concentration on optimal rates of pollution and resource 
use. Criticism of these approaches leads in the third part (Chapters 5-8) 
to the development of an "alternative" approach to the economic analysis 
of environmental degradation. This approach is illustrated by the 
examples of the global greenhouse effect, Amazonian deforestation, and 
upper watershed degradation on Java. This last case is developed in order 
to illustrate the policy implications that can be derived from an analysis 
concerned with sustainable development. The final part (Chapter 8) 
discusses the implications of taking a new direction in the analysis of 
environmental and resource problems - the development of an emerging 
economics of sustainable development. 
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NOTES 

I. 	Lionel Robbins, T'he ,ature arui 'it'nricance ,, Econoic Sdcin.e 2nd edn), 
Macmillan: London, 1952) p. 16. 

2. This latter case also tits the neo-classical definition otfa free good: "There are things
in the external world which are present in such comparatc abundance that the use 
of particular units tor one thing does not involve going without other units tor others. 
Tlhe air we breathe, for instance, is such a free' commodity.' Robbins, up. t.. ,p. 

A..\lterativelv, the rcsource may not strictly decline in uualitv but may instead become 
:note difficult to exploit. For instance, deeper wells or mine shafts need to b, dug, 
more drainai'e is required for marginal aericuitural land, greater ,.xphratmin is 
required to tind reserves and so on. Nevertncless, the result iseftfcivelv tue same: 
greater effort and so greater costs are required to obtain qualitatively the same amount 
of resource. 

•I. See, for example, Alfred Marshall, I'rinciries of Econopnics; An 1ntroductorv Ilolume 
8th edni, (Macmillan: London, 1949) ano Robbins. Op. Lit. 

5. 	See, fur example, Htarold Hotelling, "-The economics of exhaustible resources". 
l.,urnaiotl'Political E.ononv, Vol. 39 (1931 ,pp. 137-7"; William Stanley Jevons, F/hc
(al (Ouestion:..in Inqurv, (oncernt,n ie Proress ,/ , Na tion an tie Probable 
Exhaustionz ot )ur (al Mines .Macmiian: London. 1909,. .Marshall. up. cit.; and 
:,kohn Stuart ' ,,1 'htncai E.P.,,my [tIth II Th'me A fVIIIl, rties lF/,i r .1r.stn,
Soctai Philcsophv, 1909 cdit Augustus .\. Kellev: k-lilton, New Jersey, 1973). 

o. 	See, for example, Maishall, op. CIt., and AC. Pigou, 1-he lC'O,nwMs ,t l0,Il'are ith 
edn , M.\acmnJlan: london, 1962).

7. 	 f'he -throughput" concept is usually attributed to Kenneth E. Boulding, "The 
economics of the coming spaceship Earth", in H. Jarrett (ed.;,EnzvuronntatQuahtts 
in a Growinq'Economv iJohns Hopkins University Press: Baltimore, 1966 1.The other 
pioneer of this thermodynamics analogy is Nicholas Georgescu-Roegen, particularly
his essays inAnavticaiEconomics (Harvard University Press: Cambridge, Massachu
setts, 1966) and The EntropyLaw ar ,he Economc ProcessiHarvard University Press: 
Cambridge, Massachusetts, 1971'. 

8. 	 See, lor example, J.W. Forreste:., ll"orld Dvnamics iWright Allen: Cambridge, 
Massachusetts, 1971i and Dennis !.. Meadows, Donella H . Meadows, Jorgen
Randers and William Behrens, The Limits to Growth. A Report for the Club of Rome's 
Project on the Predicamentol/Man (Universe Books: New York, 1972). 

). 	See Robert Chambers, "Sustainable ivelihoods. environment and development:
putting poor rural people first", Discussiio Paper 2.10 (Institute of Development 
Studies: Brighton, Sussex, December 1987).

10. 	 World Commission on Environment and Deveiopment, Our ('ommoi Frture,Oxford 
University Press: Oxtord, 1987), p. 1.42. 

I!. Ibid. 
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1 
Historical Approaches to
 
Natural-Resource Scarcity
 

The focus of this chapter is the historical development of economic 
theories of natural-resource scarcity, from Adam Smith and the classical 
economics through to the landmark 1963 study by Barnett and Morse,
and the contemporary conventional view. These theories have tradition
alllv been classified as either "pessimistic .\lalthusian" models that 
,uggest a long-term absolute natural-resource scarcity constraint or.optimistic Ricardian" models that do not assume any absolute limits but 
)nlv admit that resources decline in quality and are therefore relatively 

,carce. The major themes of this chapter are, first, to examine how well
these Ricardian and Malthusian labels fit the classical and neo-classical 
theories of natural-resource scarcity, and secondly, to demonstrate how 
adoption of the Ricardian perspective on resource availability allowed 
more modem theories to become increasingly sanguine about the ability
of market forces and technological change to overcome any "relative" 
scarcity. 

MALTHUSIAN AND RICARDIAN SCARCITY 

Barnett and Morse are often credited with being the first to draw a
distinction between Malthusian and Ricardian economic approaches to
natural-resource scarcity.' In making this distinction, the authors laid the 
groundwork for the differentiation between "absolute" and "relative" 
scarcity, with the former being associated with Malthusian and the latter 
with Ricardian scarcity: 

Modern views concerning the influence of natural resources on
economic growth are variations on the scarcity doctrine developed
by Thomas Malthus and David Ricardo in the first quarter of the 
nineteenth century and elaborated later by John Stuart Mill. There 
were two basic versions of this doctrine. One, the Malthusian, rested 
on the assumption that the stock of agricultural land was absolutely
limited; once this limit had been reached, continuing population
growth would require increasing intensity of cultivation and, 
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consequently, would bring about diminishing returns per capita. 
The other, or Ricardian, version viewed diminishing returns as a 
current phenomenon, reflecting decline in the quality of land as 
successive parcels were brought within the margin of profitable 
cultivation.-

Thus, Malthusian scarcity is assumed to treat natural resources (e.g., 
agricultural land) as being homogeneous in quality, whereas Ricardian 
scarcity portrays them as varying in quality. In the absence of technolog
ical change, both scarcity effects eventually constrain economic activity; 
however, they differ in both method and timing. Modern approaches to 
natural resource scarcity are assumed to be extensions of the Malthusian 
and Ricardian doctrines. 

In terms of method and the timing of diminishing returns, an 
important distinction is that, for Malthusian scarcity, diminishing returns 
do not set in until the absolute limits of the available stock of natural 
resources is reached. In contrast, "Ricardian diminishing returns take 
effect from the outset, thus requiring no specification concerning the time 
horizon and no assumption of an absolute limit to the availability of 
resources". That is, Malthus "found resource scarcity inherent in the 
finiteness of the globe", whereas Ricardo "focused upon the differential 
fertility of the individual parcel of lands; and assuming that the better 
lands would be used first, he found declining quality to be the cause of 
increasing resource scarcity".' 

So in the Ricardian case, increasing production costs set in as soon as 
resources are used up in order of declining quality; the less fertile the land, 
the more effort needs to be applied which leads to a rise in the costs per 
unit of output. In contrast, with Malthusian scarcity, there is assumed to 
cc no difference in the quality of the resource stock; therefore, costs do not 
rise until the absolute limits of the stock are reached. These contrasting 
scarcity effects are depicted in Figure 1. 1. 

As shown in Figure 1.1a, Malthusian scarcity reflects a situation of 
absolute scarcity. The finiteness of resources - the physically limited 
stock of land - acts as a consLraint on the expansion of output. Moreover, 
it is only when this absolute limit is reached that this scarcity effect is 
conveyed by rising costs (prices). Once this has occurred, however, the 
entire stock of natural resources is fuLly employed, and the increase in 
costs is ineffective in encouraging substitution among resources. Eco
nomic activity is abruptly halted without any chance of adjustment. 

However, Ricardian scarcity exhibits all the characteristics of relative 
scarcity (see Figure l.lb). As resources are used in successive grades of 
declining quality, the costs of resource-use rise. Consequently, as soon as 
the initial stock of the highest quality resource is fully employed (0 A'), 
physical scarcity is translated into relative scarcity measured by price 
movements. The economic system should therefore automatically 



3 Historical,-pproaches to Natural-ResourceScarcity 

1.1a Malthusian Scarcity 
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Figure 1.1: Malthusian and Ricardian Scarcity 
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respond to such price signals by substituting for the more expensive. 
relatively scarce natural resource. 

A situation of Ricardian scarcity does not necessarily imply the 
existence of an absolute limit to resource availability: "There is always 
another extensive margin, another plateau of lower quality, which will be 
reached before the incrcasing intensity of utilization becomes intoler
able".' As long as there are sufficient factors working to offset the 
progression of Ricardian diminishing returns, either by making poorer 
quality resources more economical to exploit or by allowing the 
substitution of previously unexploited resources and synthetic alterna
tives, then there should be no long-term constraint on economic activity. 
The rising relative costs accompan'ing any Ricardian scarcity effect 
should stimulate technical progress and thus foster "discovery or 
development of alternative sources, not only equal in economic quality

'but often superior to those replaced". This existence of Ricardian 
scarcity implies that economic growth may lead to a temporary, increasing 
relative scarcity of a particular stock of resources, but this does not 
necessarily lead to an absolute constraint on growth. 

SMITH, MALTHUS AND RICARDO 

The use of the Malthusian and Ricardian distinction by Barnett and 
Morse and others suggests that the contemporary debate has its 
fundamental roots in, and perhaps was even anticipated by, classical 
economic approaches to scarcity. A brief review of the classical treatment 
of the problem by Adam Smith, Thomas Malthus and David Ricardo 
should reveal the extent to which classical approaches anticipated the 
conflicting contemporary approaches with respect to: 

i) the role of price as a measure of "relative" (exchange) scarcit,; 
ii) the role of natural-resource inadequacy as an "absolute" constraint 

on growth; and 
iii) the role of technological progress in alleviating any scarcity

induced constraints on growth. 

Classical economics differs substantially from modern neo-classical 
economics. For one thing, the primary concern of the classical economists 
was not to demonstrate the allocative efficiency of the market system but 
to explore the social, economic and natural conditions determining 
economic growth: "...considerations concerning 'allocative efficiency' 
were eclipsed by broader considerations concerning the means of raising 
the physical productivity of labor and exuanding the total volume of 
economic activity"." Moreover, classical economic views on scarcity were 
often more consistent with those developed by the "natural law" philo
sophers (such as Francis Hutcheson, Gershom Charmichael and Samuel 
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von Puffendorf) and the Physiocrats (such as Quesnet), whose writings
formed the ideological basis for the classical doctrines. Although in thenatural law theories there was some appreciation that the relative scarcity
of goods has a determining influence on the structure of relative prices,
these theories did not endorse the neo-classical notion of relative scarcity
as the fundamental economic problem and the rationale for the existenceindices ofof prices as scarciy.- These fundamental differences with 
modern economics limit the extent to which classical scarcity doctrines 
can be compared with the contemporary economic debate over natural 
resource scarcit'. 

Adam Smith 
In the 1l"ealth of Nations, Adam Smith was searching for an unvarying
,tandard of value that could account for and measure increases in the "real
wealth" of nations and, for this purpose, "market values which depended
on monetary whims and fashions, on temporary relations between supplyand demand, did not appear satisfactory".' For this reason, lhe emphas
ized the distinction between the true value, or "natural price", of acommodity and its market price, where the former isdetermined by "the 
amount of labor commanded in the market" and the latter by the "relativescarcity" of goods in short supply." Thus price may in theserve 
marketplace as an indicator ofthe relative scarcity ofgoods in short supply
z'ersus those in abundance but relative scarcity was neither the fundamen
tal resource problem nor an explanation of "how prices came to be what
 
they are".
 

Smith did not consider that the finite limits of the earth, or any other
natural-resource scarcity problem, would pose 
a threat of an absolute
constraint on economic growth. Instead, "Smith's account rested on the
presupposition that nature 
was generous ...like the Physiocrats before
him, he viewed agriculture as capable of yielding outputs far in excess of'
inputs".!) Smith placed great emphasis on the accumulation of capital to
raise labour productivity in agriculture.,! None the less, although he
believed 
 that economic stagnation would not arise from diminishing
returns in agriculture imposed by absolute resource limits (i.e., on arable
land), Smith's writings do suggest that, despite increased productivity,
overwhelming economic dependency on agriculture would eventually
increase demand for agricultural output in excess of supply. Prolonged
excess agricultural demand would lead to profound distributional 
impacts, in terms of exchange relationships, private propert' institutionsand the pattern of income distribution. It is these distributional and social responses to the relative scarcity of agricultural output - and not theeconomic dependency on natural resources that eventually produce a 
stationary state. 21 

Smith's doctrne does contain some semblance of the modern concern 
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with relative scarcity and constraints on growth. However, the unique role 
of social relations and distributional consequences in his analysis plus the 
failure to consider the ameliorating role of technological innovation 
suggest that Smith's view is far removed from contemporary natural
resource scarcity debates. 

Thomas Malthus 

It is not Adam Smith's theories but the ideas of Thomas Maithus, 
especially those expressed in An Essay on Population,that are associated 
with the concept of an absolute constraint on growth.'I As Barnett and 
Morse comment, however, Malthus's Essay "is far more an analysis of 
population than of natural resources, and natural-resource scarcity in 
effect are more asserted than demonstrated. Moreover, Malthus did not 
consider the problem of resource depletion, and therefore had nothing to 
say about the possibility of increasing scarcity and scarcity effect from 
resource destruction. ' 

At the crux of Malthus's argument that "population has this constant 
tendency to increase beyond the means of subsistence, and that it is kept 
to its necessary level by these causes" was his belief that subsistence, and 
thus humankind, is "necessarily confined in room" by nature." Hence 
Malthus's concept of a limit to the rate of increase in subsistence as 
compared to the unlimited expansion of population led to his famous 
"iron law": 

Assuming, then, my postulate as granted, I say, that the power of 
population is indefinitely greater than the power in the earth to 
produce subsistence for man. Population, when unchecked, 
increases in a geometrical ratio. Subsistence only increases in an 
arithmetical ratio. A slight acquaintance with numbers will shew the 
immensity of the first power in comparison with the second.'" 

It was not until his later work, Principles of Political Economy, that 
Malthus applied his concept of "limited territory" and consequent law of 
population increase to an explicit analysis of the long-term conditions for 
growth.' 7 In doing so, Malthus made several important departures from 
the "bounty of nature" view shared by the Phvsiocrats and Adam Smith. 

First, Malthus suggested that the limited supply and unevenness in 
quality of land was an important determinant of landlords' rents in 
agriculture. 11In the Malthusian system, as population growth exceeds the 
growth of subsistence, "cultivation will be extended to less fertile acreages 
and/or will be intensified on lands already under the plough".II However, 
cultivtion of lower-quality land would be unacceptable to the landlord 
"unless he could, at the least, obtain the same rent as before".20 As the 
extension of agricultural land to less fertile acreages would require more 
effort in terms of capital and labour to produce the same output as before, 

http:before".20
http:plough".II
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vet the landlord's rent would not fall, this implies a proportionately 
smaller return for capital and labour to divide. Given that there is a 
minimum level of subsistence needed to sustain each labourer, and more 
labour is increasingly required, then the division of the return to capital 
and labour eventually favours the latter, causing profits to decline.-" In 
turn, as "the cost of: producing corn and labour continually increases" 
relative to "the cost of producing manufactures and articles of com
merce", profits and capital accumulation in the non-agricultural sector
,'must continue to fall". 22 

Consequently, for Malthus, the inevitable constraint on economic 
growth emerges from two interlinking causes: the advent of diminishing 
returns in agriculture resulting from the continual expansion of popula
tion on limited fertile land, and the decline in the exchange value of 
manufactures and commerce with respect to labour and subsistence (i.e.,
"corn") 2,In effect, although the natural-resource (agricultural) scarcity 
problem is inherently physical (diminishing returns due to the constant 
application of a variable input, labour, to one fixed in supply, land), it 
manifests itself as a "relative" scarcity phenomenon (higher prices for 
subsistence and labourn." 

This view that physical scarcity must translate into relative scarcity 
conveyed by exchange relationships is not surprising given Malthus's 
belief that all value, either real or nominal, is reflected in exchange value."' 
Malthus adhered strongly to the view that market forces determined both 
product and factor prices and, consequently, incorporated into the 
measurement of real value "the money price of common agricultural 
labour". As a result, his theory of value, even more so than Adam Smith's, 
can be considered "a precursor of neo-classical economics rather than in 
opposition to it".26 

Although Malthus believed that agriculture was physically dependent 
On arable land, he did not envisage the entire economic system, both 
agricultural and non-agricultural sectors, as physically dependent on 
other natural resources - and certainly not on raw materials or energy 
supplies. Instead, if the Malthusian system is physically dependent on 
anything, it is human labour, which acts as the ultimate constraint on 
growth. It is only because labour is a necessary input into the system that 
the high costs of subsistence, and thus of labour, are inescapable. This 
suggests that the existence of "limited territory" is by itself not sufficient. 
to constrain growth; the key catalyst is the rapid expansion of population. 
on this "limited territory". Without the additional assumption that the 
rate of population growth must always exceed the rate of subsistence 
growth, and that the physical dependency of the economic process on 
labour prevented it from escaping the inevitable consequences of this law, 
it is doubtful whether Malthus would have considered "limited territory"
by itself to be a factor influencing diminishing returns in agriculture. This 
latter assumption is often overlooked, but it is the crucial mechanism 



8 Economics, Natural-Resource Scarcitv and Development 

through which the constraint becomes binding. Indeed, Malthus appears 
to hint at this in his Essay: 

In this supposition no limits whatever are placed to the produce of 
the earth. It may incrcase for ever, and be greater than any assignable
quantity; yet still the power of population being in every period so 
much superior, the increase of the human species can only be kept
down to the level of the means of subsistence by the constant 
operation of the strong law of necessity, acting as a check upon the 
greater power. 7 

In fact, without making any additional assumptions concerning resource
saving technological innovations, it can be demonstrated that this 
constraint on growth in the Malthusian system would be broken through
introducing the substitution of capital for labour in agriculture (see the 
appendix to this chapter). With a declining agricultural tabour force, and 
assuming a fixed subsistence wage, it would no longer be obvious that "a 
greater proportion of the whole would necessarily go to labour". 
Consequently, there would be no reason to expect the rate of profit and 
the accumulation of capital to cease in agriculture. Moreover, if labour
substitution took place in the non-agricultural sector, then manufacturing
and commerce could also insulate themselves from any potential rising
labour costs. This would, ofcourse, protect the share ofprofits and ensure 
capital accummulation. Thus capital-labour substitution in both agricul
tural and non-agricultural sectors would reduce economic dependency on 
labour, allowing continued capital accumulation and growth.

Malthus's perception of the process leading to eventual stagnation is 
fundamentally different from the modern notion of Malthusian scarcity as 
interpreted by Barnett and Morse, and others. The Malthusian system
also differs from contemporary alternative theories of natural-resource 
constraints on growth, as outlined in The Introduction. A key ingredient
in the latter is the assumption that the constraint on growth arises from the 
entireeconomic process, and not just agriculture, being directly dependent 
on the limited resources of the natural environment. This condition is an 
external, ecological or biophysical, limit resulting from the increased 
environmental degradation and ecological disruptions generated by this 
dependency. The source of the constraint on growth is not population
growth per se nor the physical dependency of the economic system on 
labour. It arises from the physical dependency of the economic process on 
the environment and its impact through environmental degradation on 
the sustainability of economic activity. In contrast, Malthus's constraint 
is an internal, economic constraint resulting from the high labour costs 
accompanying the relative scarcity of subsistence and the dependency on 
labour. Thus in the Malthusian system, capital-labour substitution is 
sufficient to allow the economic system to escape stagnation. But 
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capital-labour substitution cannot mitigate the type of scarcity effect 
envisioned by the contemporary alternative view. 

David Ricardo 
David Ricardo's approach to natural-resource scarcity is based on histamous statement that, as the price of corn rises "with the difficulty ofproducing the last portion of it", total rent of all agricultural land must 
increase:
 

Rent, it must be remembered, is not in proportion to the absolutefertility of the land in cultivation, but in proportion to its relativefertility. Whatever cause may drive capitol to infericr land mustelevate rent on the superior land; the cause of fent being, as stated byMr Malthus in his third proposition, "the comparative scarcity ofthe most fertile land". The price of corn will naturally rise with thedifficulty of producing the last portions of it, and the value of thewhole quantity produced on a particular farm will be increased,
although its quantity will be diminished; but as the cost ofproduction will not increase on the more fertile land, as wages andprofits taken together will continue always of the same value, it isevident that the excess of price above the cost of production, or inother words, rent, must rise with the diminished fertility of the land,unless it is counteracted by a great reduction of capital, population
and demand.'" 

Thus, in supposed contrast to Malthns, Ricardo is often credited withidentifying the scarcity of natural resources (arable land) as a relative 
scarcity effect conveyed by rising market prices.

The theories of Malthus and Ricardo actually share much in common.For example, Ricardo also concluded that the result of rising agriculturalrents and increased employment of labour and capital on less fertile lands
must be a decline in the share of profits. 9 In addition, Ricardo was clearly
a Malthusianist in that he accepted Malthus's iron law of populationexpansion as the central ingredient of his system. 0 In both the Ricardian
and Malthusian systems, population growth is the primary 
 causativefactor leading to the cultivation of less fertile lands and the consequent
diminishing returns in agriculture; over the long run, the continualexpansion of labour causes profits to decline as a greater proportion ofoutput is distributed as wages and rent. Finally, both Malthus andRicardo suggest that quatitative differences in the fertility of land areimportant determinants of rising rent and agricultural prices, althoughMalthus considered this to be only one of several important factors. Infact, it has been noted that Ricardo gave "full credit to Malthus andEdward West for the authorship of the rent doctrine", as is implied in the

above passage. 3' 
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In contrast to Malthus, Ricardo did not include any explicit concept of 

an absolute limit to natural resources Iland) in his analysis. Whereas 
limit exists, dictated bv "limited territory",Malthus stated that such a 

Ricardo simply maintained that nature has "limited the productive 

powers of the land". Although modem writers often infer from this 
distinction that Ricardo "implicitly doubted the significance of Malthus's 

that Ricardo considered a moreultimate limit"," it may have been 
interesting aspect of the physical limitation imposed by nature to be quite 

literally the limited productive powers of the land. In particular, Ricardo 

may have been struck by the unique feature that in agriculture, as opposed 

to industry, nature is "niggardly in her gifts" of "labour": 

The labor of nature is paid, not because she does much, but because 

she does little. In proportion as she becomes niggardly in her gifts 

she extracts a greater price for her work. Where she is munificently 
beneficent she always works gratis.... Does nature nothing for man 

in manufactures?... There is not a manufacture which can be 

mentioned in which nature does not give hei assistance to man, and 

give it, too, generously and gratuitously. I" 

Since the main theme of his Principles was to demonstrate that "every 

increase of the quantity of labour must augment the value of that 

commodity on which it is exercised"," it is not surprising that Ricardo 
resource limitations imposed bywas more interested in describing the 

nature in terms of the "limited productive power" of nature. As nature 
niggardly in her gifts" further cultivation"becomes more of "labor", 

requires a more disproportionate use of human labour, which according 

to the labour theory of value is the only way this scarcity effect will lead 

to higher real prices from agricultural output. Hence, in the Ricardian 

system, it is 'ecessary to describe the natural (land) scarcityresource 
situation in terms of the limited productive powers of nature in order for 

it to be consistent with a labour theory of value. 
The major dissimilarity between Malthus and Ricardo's views over the 

concept of the physical limitations imposed by nature may have more to 

do with their different methods of inquiry, which derived in turn from 

their different approaches to the problem of value. Ricardo insisted that 

labour was the fundamental measure of all economic values, whether it is 
"real" or "market". Consequently, it was important that he construct the 

methodology of his inquiry in terms consistent with this labour theory of 

value. Malthus, on the other hand, clearly rejected such an approach. In 

fact, Ricardo's preoccupation with a labour theory of value indicates that 

he was acrually further from both the neo-classical concept of market 

price being a true measure of relative scarcity; as "Ricardo's futindation of 

value isnot related to 'scarcity' in any sense ofthe word", it clearly cannot 

be compared to "the neoclassical theorisation of the market" that is 

"based on a concept of inexorable scarcity which provides the neo 
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classical system with its 'foundation' of value". 1
6 Ricardo's approach is 

therefore equally incomparable with the relative scarcity approach of the 
contemporary conventional view of natural-resource scarcity. 

If the decline in profits and economic stagnation in the Ricardian 
system ultimately results from the assumption of labour dependency and 
rapid population growth, then this prediction must he susceptible to the 
same weakness as the Malthusian system: if there were substantial capital 
- labour subsitution and/or a limit to population expansioa, then there 
would no longer be a natural-resource scarcity constraint on growth (see
the appendix to this chapter). Significantly, although both Malthus and 
Ricardo did acknowledge the effects of technological improvements on 
agricultural production, it was Malthus who appeared more optimistic 
about the potential ameliorating role of technological change. 

For example, Paglin notes that Ricardo considered technological 
improvements iII the short run to be cost-reducing rather than output
increasing; that is, they would allow the same output to be produced with 
less capital and labour. In the short run, any decline in profits might be 
"happily checked at repeated intervals by the improvements in machinen 
connected with the production of necessaries, as well as by the discoveries 
in the science of agriculture". But over the long run, "the natural 
tendency of profits then is to fall" as these technological improvements 
are overridden by eventual diminishing returns in agriculture due to 
population expansion and economic dependency on labour as a produc
tive input. 51In contrast, Malthus maintained that technological improve
ments could, over the long run, increase output.A As a result, the 
inevitable consequences of Malthusian population growth and labour 
dependency could be postponed to such an extent that "diminishing 
returns in agriculture were not a problem which need concern anyone for 
hundreds of years".-( 

MILL, JEVONS AND MARSHALL 

The interpretations of the classical economic theorics of natural-resource 
(land) scarcity by John Stuart Mill, William Stanley Jevons and Alfred 
Marshall mark an important transition in economic thought between 
these theories and the contemporary debate. The works of these three 
writers also reflect the historical transition in modern thought from 
classical to neo-classical economics. While Mill is considered to be a 
classical economist, his interp:etations of the phenomenon of relative 
natural-resource scarcity are closer to the modern conventional economic 
view than either Ricardo's or Malthus's approaches. Similarly, while 
Jevons's theories on marginal utility and consumer demand were central 
to the marginalist revolution, he attempted to prove that the finite nature 
of Britain's coal stocks would ultimately lead to an absolute constraint on 
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growth. Only in the work of Marshall does there appear to be a complete 
transition both from classical to neo-classical (marginalist) economic 
thought, and from the classical views on scarcity to the modem 
conception of the natural-resource scarcity problem. 

John Stuart Mill 

As his Principlesof PoliticalEconomy reveals, John Smart Mill clearly 
shared the classical economic view that, in the long run, economic 
expansion would eventually encounter the problem of diminishing 
returns in agriculture, which in turn would lead to falling profits, rising 
rents and increasing subsistence costs.,' Moreover, for Mill, this 
"impossibility of ultimately avoiding the stationary state" is also 
grounded in the tendency for population to increase "as it has never yet 
failed to do so when the increase of industry and o1 tile means of 
subsistence made room for it",": and in the economic "fact" that the 
"limited quantity of land, and limited productiveness of it, are the real 
limits to the increase of production". " 

Unlike his predecessors, Mill acknowledged more explicitly the 
important counteracting influences of technological "improvements" in 
postponing the inevitable emergence of the stationary state." In fact, Mill 
conceded that without the supposed Malthusian tendency of population 
to increase with increases in subsistence and material wealth, agricultural 
improvments could be sufficient to support economic growth: 

If population were stationary, and the produce of the earth never 
needed to be augmented in quantity, there would be no cause for 
greater cost of production. Mankind would, on the contrary, have the 
full benefit of all improvements in agriculture, or in the arts 
subsidiary to it, and there would be no difference in this respect, 
between the produce of agriculture and those of manufactures." 

In addition, Mill extended the classical concept of natural-resource 
scarcity to non-renewable mineral resources. Although he argued that 
mining is "more susceptible of mechanical improvements than agricultu
ral production" and that exhausted mines could be replaced by "the 
discovery of new ones, equal or superior in richness", he nevertheless 
considered mining to yield diminishing returns and increased costs in the 
long run.4 6 Furthermore, he considered the problem of exhaustible
resource scarcity to be a constraint independent of the Malthusian 
population problem: 

The only products of industry, which, if population did not increase, 
would be liable to a real increase of cost of production, are those 
which, depending on a material which is not renewed, are either 
wholly or partially exhaustible; such as coal, and most if not all 



13 HistoricalApproaches to Natural-ResourceScarcity 

metals; for even iron, the most abundant as well as most useful of 
metallic products, which forms an ingredient of most minerals and of 
almost all rocks, is susceptible of exhaustion so far as regards its

47riches and most tractable ores.

There are two additional contributions that Mill makes to the 
contemporary debate over natural-resource scarcity. First, he considered 
the diminishing returns impact of narural-resource scarcity to be a current 
phenornenon that comes into operation "long before the final limit is 
reached."" Hence, Mill argued strongly in favour of the relative-scar,-iCV 
approach to natural-resource scarcity as developed by Ricardo (and by
Malthus in his Principles)based on the assumption that land in agriculture
is used in order of declining fertility and that its gradually increasing
scarcity must be reflected in "an augmentation of cost and therefore of 
price". 9 

Mill is also credited with being the first classical economist to consider 
the impact of natural-resource scarcity on the various amenity services 
provided by nature to humankind. These ser-.ices represent alternative 
uses of natural resources (e.g., land), of which Mill distinguishes two 
types. On the one hand, thcre is the specific, more narrowly defined use 
of land as living space for residential use. Given that this use is subject to 
private property rights, Mill suggests that its relative scarcity would also 
be reflected in market conditions: "Land is used for other purposes than 
agriculture, especially for residence; and when so used, yields a rent, 
determined by principles similar to those already laid down.... Sites of 
remarkable beauty are generally limited in supply, and therefore, if in 
great demand, are at a scarcity value." 0 

In an oft-quoted passage, Mill considers a more general alternative use 
of natural resources: 

It is not good for man to be kept perforce at all times in the presence
of his species. A world from which solitude is extirpated is a very 
poor ideal. Solitude, in the sense of being often alone, is essential to 
any depth of meditation or of character; and solitude in the presence
of natural beauty and grandeur, is the cradle of thoughts of 
aspirations which are not only good for the individual, but which 
society could ill do without. Nor is there much satisfaction in 
contemplating the world with nothing left to the spontaneous 
activity of nature; with every rood of land brought into cultivation,
which is capable of growing food for human beings; every flowery 
waste or natural pasture plowed up, all quadrupeds or birds which 
not domesticated for man's use exterminated as his rivals for food, 
every hedgerow or superfluous tree rooted out, and scacely a place
where a wild shrub or flower could grow without being eradicated as 
a weed in the name of improved agriculture. If the earth must lose 
that great portion of its pleasantness which it owes to things that the 
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unlimited increase of wealth and population would extirpate from it,
for the mere purpose of enabling it to support a larger, but not a 
better or happier population, I sincerely hope, for the sake of 
posterity, that they will be content to be stationary, long before 
necessity compels them to it." 

In this passage, Mill appears to be suggesting that certain services
provided by nature, such as solitude, meditation, natural beauty,
spontaneous activity and pleasantness, are threatened by the use of the
environment for furthering economic growth. Moreover, the scarcity of 
such essential services may have a detrimental impact on human welfare 
long before diminishing returns impose an absolute constraint on
economic activity. It should also be noted that Mill does not suggest that 
the imminent scarcity of these environmental services will be reflected in 
market prices; instead, he concludes that preservation of these vital
services may motivate society to consider the stationary state as a desirable 
outcome "long before necessity compels them to it". 2 

Mill's analysis of natural-resource scarcity provides an important
bridge between classical and more contemporary views.51 For example,
Mill acknowledged the importance of icchnological improvements in
postponing any scarcity constraint on growth, which he portrayed as a
gradual relative scarcity phenomenon that would be reflected in market 
prices. He also recognized that the physical dependence of the entire
economic process on (particularly non-renewable) natural resources 
could lead to a potential scarcity effect independent of that generated by
population growth. Finally, Mill's views on the effect of economic growth 
on environmental quality seem to anticipate the contemporary environ
mental movement. 

William Stanley Jevons 
Jevons's work The Coal Question is significant to contemporary views of 
natural-resource scarcity in several respects.54 First, in contrast to the
classical economists (with the exception of Mill), Jevons considered that 
the potential exhaustibility ofnon-renewable resources, particularly coal, 
was the most important threat to sustained economic growth in
industrialized countries such as Britain. In addition, his views on and

analysis of the economic implications of the scarcity of exhaustible
 
resources (coal) closely resembles the limits to growth studies of the early

1970s 
 that also predict an absolute scarcity constraint on economic 
activity. 5 

The CoalQuestionwas not just an extension of the special case that Mill 
made for exhaustible resources in classical analysis, but a fundamental re
orientation of this analysis towards a concern with the role of non
renewable resources in limiting growth. This clearly paralleled the 
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development of Britain from an agricultural to an industrial-based 
economy, which meant that coal had effectively replaced corn as the 
means of "subsistence": 

Our subsistence no longer depends upon our produce of corn. The 
momentous repeal of the Corn Laws throws us from corn upon coal. 
It marks, at any rate, the epoch when coal was finally recognized as 
the staple produce of the country; - it marks the ascendancy of the 
manufacturing interest, which is only another name for the develop
ment of the use of coal. 6 

Believing that economic growth in Britain depended on continued coal 
consumption, which was physically limited by the availability of 
commercially exploited reserves, Jevons concluded that "should the 
consumption multiply for rather more than a century at the same rate, the 
average depth of our coal-mines would be 4,000 feet, and the average price 
of coal much higher than the highest price now paid for the finest kinds 
of coal ... we cannot long continue our rate of progress". 7 Jevons 
consequently believed that the "inevitable exhaustion" of these reserves 
"will be marked paripassu by a rising cost or value of coal; and when the 
price has risen to a certain amount comparatively to the price in other 
countries, our main branches of trade will be doomed"." The result 
would be economic stagnation for Britain. 

For Jevons, the physical dependency of the economic process on coal 
was assured, because he considered it "useless to think of substituting any 
other kind of fuel for coal"., 9 As for petroleum, he noted that "it is 
undoubtedly superior to coal for various purposes, and is capable of 
replacing it", yet he dismissed the possibility of petroleum as a feasible 
substitute, for "its natural supply is far more limited and uncertain than 
that of coal, and an artificial supply can only be had by the distiUation of 
some kind of coal at considerable cost". 0 Jevons was equally pessimistic 
about the impact of technological change on reducing mining costs and 
increasing effective reserves. Mine depths could only be 4,000 to 5,000 
feet, he reasoned, because of the high capital costs of increasing shafts, the 
great risks and the prohibitive interest payments on loans."' Jevons also 
maintained that any "economical use" of coal would not reduce but 
actually increase demand, for the resulting fall in price would only induce 
a higher rate of consumption. 62 Nor did he believe that Britain could 
import the coal that it would need in the future, as the high transport and 
commercial costs would mean a price "three or four times as dear as it now 
is in England and America". 63 

In restrospect, Jevons obviously failed to anticipate the development of 
petroleum as an important substitute for coal and the impact of 
technological innovations in reducing both the costs of extraction and the 
transport costs involved in the global trade of fossil fuels. He did not 
appreciate that the relative scarcity of coal and its consequent higher price 
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would induce the necessary technological innovations to increase effectivesupplies, develop cost-effective substitutes and thus alleviate any potential constraint on growth. Thus the failure of Jevons's predictionsreinforces the conventional view that the economic process is notphysically dependent anyon one exhaustible resource, and hencethreatened by its depletion. The relative scarcity of that resource shouldautomatically stimulate the appropriate market conditions necessary tooffset any threats to overall economic activity. 

Alfred Marshall 
As Barber notes, "From his vantage point in time Alfred Marshall couldobserve that the gloomier classical prognoses on the fate of the economyhad not, in fact, been borne out."64 Marshall was, however, careful topreserve those aspects of the classical theory that he felt were accurate.For example, in his analysis of land scarcity, Marshall essentially agreedwith the classical economists that agriculture displayed diminishingreturns. He observed that "an increase in the capital and labor applied inthe cultivation of land causes in generala less than proportionate increasein the amount of produce raised unless it happens to coincide with animprovement in the arts of agriculture"." Nevertheless he qualified thisstatement by explaining that diminishing returns "may indeed be held incheck for some time by improvements in the arts of production and by thefitful course of the development of the full powers of the soil; but whichmust ultimately become irresistible if the demand for produce shouldincrease without limit". 6 Similarly, Marshall maintained that the realcontribution that Ricardo in particular makes to the understanding ofdiminishing returns in agriculture is that "it shifts the centre of interestfrom the mere amount of the farmer's produce to its exchange value interms of things which the industrial population in his neighborhood will

offer for it". 67
 
Although Marshall conceded that the classical economists (or at least
Ricardo) understood that any scarcity of fertile land must lead to higher
agricultural prices, he rejected the notion that such a scarcity effect would
constrain economic growth. Because "they did not allow enough for the
increase of strength that comes 
 from organization," Marshall argued,
"Ricardo and the economists of his time generally 
were too hasty indeducing this inference from the law of diminishing return".S Higheragricultural prices should lead to improvements in the organization ofrural economic life, including the areas of transport, communications,markets, medical care and other services. Since improved organization

ultimately augments the "knowledge" of the farmer: 
his efficiency in many ways is increased.... All his produce is worthmore; some things which he used to throw away fetch a good price. 
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He finds new openings in dairy farming and market gardening, andwith a larger range of produce he makes use of rotations that keep his
land always active without denuding it of any one of the elements that 
are necessary for its fertility. 

Thus "the growth of organization and knowledge" and other innovations
flowing from them would prevent land scarcity and diminishing returns
in agriculture from constraining economic growth.69 

As for the extension of the "law of diminishing return" to mining andexhaustible resources, Marshall takes a completely different view to that 
of Mill and Jevons: 

The produce of mines again, among which may be reckoned quarries
and brickfields, is said to conform to the law of diminishing return;
but this statement is misleading. It is true that we find continually
increasing difficulty in obtaining a further supply of minerals, except
in so far as we obtain increased power over nature's stores through
improvements in the arts of mining, and through better knowledge
of the contents of the earth; and there is no doubt that, other things
being equal, the continued application of capit-l and labor to mines
will result in a diminishing rate of yield. But this yield is not a net
yield, like the return of which we speak in the law of diminishing
return. That return is part of a constantly recurring income, while 
the produce of mines is merely givinga up of their stored-up
treasures. The produce of the field is something other than the soil;
for the field, properly cultivated, retains its fertility. But the produce
of the mine is part of the mine itself.70 

In other words, the concept of diminishing return may be applicable to
"the supply of agricultural produce and of fish", which is "a perennial

stream", but not to mines, which are exhaustible "reservoirs". As the
"produce of mines" exists as finite reserves, the increased effort (and thus
cost) involved in mining may not 
be related just to the "continually
increasing difficulty in obtaining a further supply of minerals" as the reserves approach exhaustion, but also to the rateof mineral depletion.
The same mine could be exhausted at a faster rate over a shorter period oftime if more labour and capital were applied initially. That is, if "the
requisite specialized capital and skill got ready for the work, ten years'
supply of coal might have been raised in one year without any increased
difficulty".7! Hence, a faster rate of depletion would imply more capital
and labour being applied initially but less of a rise in costs as the mine 
approaches exhaustion. 

If there are no diminishing returns in mining, then the relationship
between scarcity and price in mining is different from that in agriculture.
For example "royalties" in mining, unlike rent in farming, "are levied in
proportion to the stores that are taken out of nature's storehouse". Thus 
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the royalty on a ton of coal "represents that diminution in the value of th:mine, regarded as a source of wealth in the future, which is caused b'taking the ton out of nature's storehouse. .. therefore the marginal suppl'price of minerals includes a royalty in addition to the marginal expenseof the mine".72 As the deposit approaches exhaustion, the higher will bLthe discounted present value of the mine, the royalty and thus the markeprice. So even though the relative scarcity of exhaustible resources maxnot "conform to the law of diminishing return", it is reflected in highe:

market prices.7" Like Mill, Marshall also acknowledged that land and nature might hartimportant functions other than simply providing inputs for productionHe wrote, "the natural beauties of a place of fashionable resort have ;direct money value which cannot be overlooked; but it requires somteffort to realize the true value to men, women and children of being abhto stroll amid beautiful and varied scenery". Similarly, Marshall observecthat the "services which land renders to man, in giving him space and lightand air in which to live and work, do conform strictly to the law oldiminishing return". For any "expenditure"
such services (such as 

to improve or supplementthe use of artificial means to supplement naturallight and ventilation), "there is a return of extra convenience, but it is adiminishing return".74 Moreover, although "improvement of the environment, which adds to the value of land and of other free gifts of nature.is in a good many cases partly due to the deliberate investment of capitalby the owners of the land", Marshall also noted that "in many cases this
is not so"; and any increase in the net income derived from the "free gifts
of nature", and 
not from "deliberate" capital investment, "is to be
regarded as rent for all purposes"."

These brief hints in his writing indicate that Marshall consideredenvironmental services to have a crucial economic role
he appeared to acknowledge that the 

On the one hand,

"direct money value"essential of someenvironmental services underestimated their "true value". Inaddition, the externality problem in which there are unaccountableincreases in "the net income derived from the freesuggests gifts of nature"that natural services often make important contributionsproduction that bypass market totransactions. Finally, the diminishingreturns of any artificial improvements in these services highlights theirrelative scarcity, e.g., "the growing difficulty of getting fresh air and light,and in some cases fresh water, in densely populated places".7"Marshall's discussion of the problem of natural-resource scarcity:learly reflects the emerging conventional view that still predominatesoday. This is particulary true of the assumption that natural resourcecarcity, whether in land or mining deposits, must be reflected in marketrices, which in turn induce the necessary ameliorating innovations. Onhe other hand, Marshall's understanding of the economic role ofnvironmental resources is currently emphasized by more alternative 
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contemporary views. However, one should note that compared to theclassical economists, Marshall devoted very little space in his Principlestothe problem of natural resource scarcity, which is perhaps an indicationthat this was no longer considered by the new school of neo-classical
economics to be such a major concern. 

THE SPECIAL CASE OF MARX 

This review of the historical development of economic theories of naturalresource scarcity focusedhas largely on their emergence within theclassical and neo-classical schools of thought. This is because most of thecontrasting contemporary and alternative views of natural-resourcescarcity by and large follow in the tradition of these schools. Immediately,this begs the question as to what was the contribution of Karl Marx tocontemporary theories of natural-resource scarcity.
The standard reading of Marx is to assume that the one thing he had incommon with the neo-classical school emerging in the late nineteenth andearly twentieth centuries was little regard for the role of natural resourcesin the economic process. In other words, "Marx's dogma that everythingnature offers us is gratis" stems from his "well-known tenet that nothingcan have value if it isnot due to human labor", from which it follows that"things supplied by nature 'gratis' and the services of capital proper haveno value."", This is indeed the impression one obtains from Capital: 

The land (and this, economically speaking, includes water) in itsoriginal state in which it supplies man with necessaries or means ofsubsistence ready to hand is available without any effort on his partas the universal material for human labor. All those things whichlabor merely separates from immediate connection with theirenvironment are objects of labor spontaneously provided by nature,such as fish caught and separated from their natural element, naw.4ywater, timber felled in virgin forests, and ores extracted from theirveins. If, on the other hand, the object of labor has, so to speak, beenfiltered through previous labor, we call it raw material. For example,ore already extracted and ready for washing. All raw material is anobject of labor [Arbeitsgegenstand], but not every object of labor israw material; the object of labor counts as raw material only when ithas already undergone some alteration by means of labor.... Withthe exception of the extractive industries, such as mining, hunting,
fishing (and agriculture, but only in so far as it starts by breaking upvirgin soil), where the materiai for labor is provided directly bynature, all branches of industry deal with raw material, i.e. an objectof labor which has already been filtered through labor, which is itself 
a product of labor.8 
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For Marx, only "raw material", which is both a product of naturaresources and labour, value,of has whereas other natural-resourceproducts are "spontaneously provided by nature" and thus cannot havvalue as they are not products of labour. This view is not surprising, givenMarx's attempts to establish a labour theory of value as akey to explainingthe exploitative nature of capitalist society. This produced a completelydifferent theory of value from that of the classical and neo-classical 

schools. 
For example, as pointed out by Dcsai, in neo-classical economics, therole of value theory isto provide a theory of relative prices, whereas in theclassical theory of value, prices of all goods (that is, their exchange values)are thought to be derived from the current labour input and the labourinput embodied in materials of production .7 In contrast, for Marx, valueis a social relationship, based on the relationships of production that arisehistorically and are specific to certain societies or modes of production. Inparticular, value relationships arc not valid for feudal or communistsocieties but are found only in capitalist societies. In capitalist modes ofproduction, the exploitative social relationship between the labour andcapitalist classes is hidden by the seemingly free and equal commodityrelationship of the exchange of labour power for money. This transformation of social into commodity relationships is referred to by Marx ascommodity fetishism. The role of his value theory, therefore, is to revealthe exploitative social relationship concealed by commodity fetishism.This is why Marx sought to explain exchange value in terms of the processwhereby labour pcwer is purchased and transformed into a final productwhich is exchanged against other final products embodying labour power,and how the surplus generated by this process is appropriated by the

capitalist class. 
Although i.is clear that Marx believed that labour power is the sourceof at! exchange value, he did not necessarily assume that it was the source
of all use values, or wealth. For example, in the Critique of the Gotha
Programme,he argues that "labor is not the source of all wealth. Nature
is just as much the source of use values (and surely these are what make
up material wealth!) 
as labor. Labor is itself only the manifestation of aforce of nature, human labor power.", 0 As emphasized by Gowdy, sucha framework allows for the possibility of going beyond merely consideringthe impact of social relations of production on resource scarcity toexamine the limits imposed by nature on exchange relationships."Unfortunately, Marx never really developed this line of thinking,although in Capital he did fault capitalist agriculture for leading topremature exhaustion of arable land: 
According to Marx the premature exhaustion of the soil occursbecause there are economic disincentives to maintaining long-livedcapital investments. With increasing resource exhaustion, the rising 
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cost of raw material depresses the rate of profit. Furthermore, the
fact that the "marginal cost" ofa non-renewable resource is in realityonly the marginal cost of extraction and not production creates asurplus for the producer. This surplus arises from the fact that themarginal social cost of producing a unit of an exhaustible resource is
much greater than the private cost.... Marx faults the price system
for misallocating natural resources over time. The time horizon fornon-renewable and semi-renewable resources isnot compatible withthe time horizon for the prices the market system imposes on these8 2 resources.


As argued 
 by Redclift, modem followers of Marx approach theproblem of natural-resource scarcity primarily through the process which use values (that is, wealth in the form ofnature) are converted to exchange
values (that is, in "the forra of labour power). The commitment tocommodity production under capitalism makes environmental external
ities inevitable and misallocates natural resources inefficiently over time.As a result, natural-resource scarcity will disappear only when thenecessity to make commodities in order to generate surplus value (profit)
disappears.

On the other hand, "the 'externality' effects that have attracted theattention of economists in western societies are far more central to the'survival algorithm' of many households in the South than many Marxists
have acknowledged ... at which thethe point costs in destroying theenvironment and non-market social relationships exceed the benefits offurther commodity production 4has already arrived." In developing
countries, "environmental degradation is seen as a resultof underdevelop
ment (of poverty, inequality and exploitation), a symptom of underdevelopment, and a cause of underdevelopment (contributing to a failure to
produce, invest and improve productivity)" and may therefore lead to
ecological collapse 
 before the full development of capitalist modes of
 
production.8"
 

Herein 
 lies the dilemma for modern orthodox Marxists. As notedabove, although Marx did write about processes of environmental
degradation - notably soil erosion - he did not consider the possibility of an absolute natural-resource scarcity constraint on an economic systemresulting from ecological collapse. Rather, his concern - and the concernof modern Marxism - is with the collapse of capitalism arising from theinherent contradictions found in the social relationships that, in Marx's own view, stem from fully developed capitalistmodes of production. Thisview may be compatible with the notion that the ecological crisis in fully

developed industrialized countries also invariably stems from the capitalist process of commodity production (and, indeed, is often interpreted as an indication of the impending collapse of this process), but the orthodox
Marxist approach is difficult to apply to the resource scarcity problems 
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faced by societies in the Third World that do not have a fully developed
capitalist mode of production.

As some writers have pointed out, the serious analytical problem thatMarxism faces in dealing with the partly or wholly subsistence agricultural modes of production in developing countries is that it is difficult toapply the labour theory of value so long as producers have some degree ofindependent control over the means of p: oduction of their livelihoods.6The idea that these societies and their institutions closely resemblL aspectsof feudaiism, as identified by Marx as one of the stages of pre-capitalisteconomies that immediately preceded and led into the capitalist commodity market system, has also been challenged.87 As Kitching observes forKenya, "this need not inhibit the development of a theory of exploitationsuitable for Kenyan conditions. But clarity about the meaning and limitsof value theory is the prerequisite of such"development."ss
Whereas theories of natural-resource scarcity based on neo-classicaleconomics tend to abstract from social and political relationships, theMarxist contribution is to make these relationships explicit. In particular,Marx's labour theory of value offers a method of focusing on theexploitative process of transforming use values (that is, in the form ofnatural-resource wealth) into exchange values (that is, in the form of labourpower). It is important to realize, however, that "in a real world wherecommodities exchange through money, and where relations ofproductionassume the apparent form of monetary relations, rates of exploitationnecessarily unmeasurable". are9 Thus modem Marxist theories of exploitation and class analysis must necessarily be less explicit in their analysis ofthe social relationships surrounding natural-resource scarcity.% thanMarx's original use of the labour theory of value allowed. Nor are pureMarxist theories the only possible interpretations of these relationshipsInstead, these theories have to vie with more neo-Marxist interpretationsthat focus on the international system theand historical processes
contributing to environmental problems, and other interpretations that,
for example, may examine the power, class and general social relationships contributing to pr:blems of soil erosion in developing countries -but primarily from a non-Marxist perspective.90 

CONCLUSION: THE MODERN CONVENTIONAL VIEW 

By exploring classical and early neo-classical theories of natural-resourcescarcity, this chapter has questioned the legitimacy of using theMalthusian and Ricardian labels to distinguish between contemporaryviews on resource and environmental problems. For one thing, infollowing the classical tradition established by Adam Smith, it isclear thatthe approaches adopted by Ma!thus and Ricardo have more in commonwith each other than with more modern views of natural-resource 
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scarcity. The common all classicalunique feature to the theories,
including Ricardo's, is the central role of the Malthusian theory of
population expansion and the assumption that economic growth, particularly in agriculture, is dependent upon increasing labour inputs. These 
two factors were seen to interact with the relative scarcity of land toproduce unavoidable distributional consequences notably the decline in-
profits with respect to wages and rent - that would lead to economic
stagnation. Compared with these similarities, the much-emphasized
differences between these two classical views (i.e. that Ricardo seems toshy away from Malthus's original absolute scarcity formulation of the
problem and instead stresses the relative scarcity of land) appears less 
significant.

In contrast, the views of Mill, Jevons and Marshall on natural-resource 
scarcity signal an important transition from the classical to the more
modem analysis of the problem. Of particular importance was therecognition of the new role of exhaustible resources in an industrialized
economic process and the welfare implications of essential environmental
services. But most significantly, the failure of the gloomier classical 
prognoses on the fate of the economy from increasing scarcity of land aswell as the erroneous assumptions that Jevons made in analysing the
future scarcity of coal, allowed Marshall and the new neo-classical
economists to adopt a far more optimistic view of natural-resource
scarcity  if they bothered to think it a problem worth considering any
longer. Even Marx never viewed natural-resource scarcity as a potential
constraint on growth; his prime concern was in developing a labour theory
value to expose the exploitative social relationships behind capitalist
market production.

So it is Dot surprising that, up until the 1960s, the modem conventional
economic perspective on natural-resource scarcity had been virtually
unaltered since Marshall's views on the subject. Nor is it a surprise thatmodem Marxism  the major ideological challenger to neo-classical ideas
 over this era - has not offered an alternative view. With the momentous

political and economic events that occurred between Marshall's time andthe 1960s having little to do with problems of resource scarcity andenvironmenal decline, and with this era being one of tremendous
technological progress, this lack uf concern with the economics of natural
resource scarcity is understandable. 

Thus, the major contribution of Hotelling during this period to theeconomics of exhaustible resources, combined with the optimal grcwth
theory of Ramsey, re-emerged as the starting point for many important
theories of natural-resource scarcity in the 1960s and early 1970s (see
Chapter 3).91 Yet there is very little difference between Hotelling's view 
on exhaustible resource depletion and Marshall's, although Hotelling'stheory is clearly more elaborate and fully developed. As a result, the
conventional economic view of natural-resource scarcity of Marshall's 
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time, with its rejection of the possibility of an absolute natural-resourcescarcity constraint and its belief that any relative scarcity of economicallvuseful resources would be automatically reflected in market prices, still
predominates.

In the early 19 60s, this view received strong support from the study byBarett and Morse. As the basis for their empirical investigations, theauthors adopted the conventional hypothesis that increasing naturalresource scarcity "would reveal itself in an increasing trend of unit cost ofresource conversion as reflected in extractive production" or will show itseffects in "a rise in the unit cost of extractive output relative to that ofextractive output".' 2 Examining per-unit labour-and-capital costs forextracting various raw material resources in the United States since thelate nineteenth century, Barnett and Morse coacluded that this datashowed little evidence of increasing natural-resource scarcit,, which theyattributed to the "continual enlargement of the scope of substitutabiliry the result of man's technological ingenuity and organizational wisdom"." 
Barnett and Morse also make it clear that only the "economically usefulproperties" of "selected segments of the environment" (that is, only onefunction of the natural environment, as supplier of tJie raw material andenergy inputs to the economic process) is considered relevaitt to thephenomenon of natural-resource scarcity.11 Thus, the conventionaldefimition of natural resources is usually limited to those environmentalresources providing economically valuable productive-services. As Smithand Krutilla suggest, this "conception of resources as a source of materialinputs leads one to consider the environmental side-effects of extractionand conversion activities as phenomena to be distinguished from resourceutilization and depletion".s On the whole in the conventional literature,the environmental problems of waste generation and declining recreational, amenity, ecological and life-support services are accorded separate
treatment as special cases of negdtive externalities, and not related to the
specific economic scarcity problem 
 arising from the depletion of"economically useful" natural resources (see Chapter 4).
Limiting the analysis of natural-resource availability to the economic
scarcity of those "selected 
 segments of the environment" that serve asproductive inputs, allows the conventional view to be optimistic about thelong-run effects of any potential scarcity problem. By providing usefulproductive services, those natural resources aopropriated as raw materialand energy inputs have an economic value greater than zero. As stocks ofthiese resources become increasingly scarce, in a market economy theirprices will rise relative to those of other goods. Therefore, as neo-cassicalgeneral equilibrium theory predicts, the market system should respond tothe increasing 'relative' scarcity of raw material and energy stock through

price appreciation: 
If the past is any guide for the future, there seems to be little reasonto worry about the exhaustion of resources which the market already 
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treats as economic goods.... The economist's initial presumpticrn is
that the market will decide in what forms to transmit wealth by the
requirement that all kinds ofwealth bear a comparable rate of return.Now stocks of natural resources -.for example, mineral deposits - are
essentially sterile. Their return to their owners is the increase in their
prices relative to prices of other goods. In a properly functioning
market economy, resources will be exploited at such a pace that their 
rate of relative price appreciation is competitive with rates of return 
on other kinds of capital.... Natural resources should grow in relative
scarcitv - otherwise they are an inefficient way for society to hold and
transmit wealth compared to productive and physical capital. Price
appreciation protects resources from premature exploitation.' 

Although, over time, certain i.w material and energy stocks may become
relatively scarce, the resulting price appreciation should allow the
economic system to correct any over-exploitation and thus automatically
alleviate the scarcity problem. In a dynamic economy exhibiting
technological innovation and productivity growth, higher relative priceswill incite the necessary economic adjustments to reduce dependency on
the scarce resources. In the long run, therefore, such dynamic economic 
responses will prevent any lasting general scarcity constraint on economic 
growth:
 

That man will face a series of particular scarcities 
 as a result of
growth is a foregone conclusion; that these will impose general
scarcity - increasing cost - is not a legitimate corollary.... In short,
the resource problem is one of a continual accommodation and
adjustment to an ever-changing economic-resource quality spec
trum. The physical properties of the natural-resource base impose a
series of initial constraints on the growth and progress of mankind,
but the resource spectrum undergoes kaleidoscopic change through
time. Continual enlargement of the scope of substitutability - theresult of man's technological ingenuity and organizational wisdom offers those who are nimble a multitude of opportunities to escape. 97 

The increasing scarcity of certain economically valuable resources may"impose a series of initial constraints" in the form of higher relative costs
in the short run, but over time such costs actually provide the incentives
for the economic innovations necessary to mitigate any scarcity problem.
This optimistic prediction is often supported through analogy with past
innovative responses to material and energy shortages: 

Modem industrial economies possess a remarkably wide range of
options with respect to the exploitation of the natural-resource 
environment. At any one time the range of substitution possibilities 
among material-resource inputs is far higher than is generally
recognized. From a historical point of view, these possibilities are, in 
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large measure, the product of past technological change which has 
produced new substitute inputs or raised the productivity of old 
ones. The ways in which it has done this defy simple categorization, 
but they have included the following:

1. Raising output per unit of resource input - as, for example, the 
decline in the amount of coal required to generate a kilowatt
hour of electricity, which fell from almost seven pounds in 1900 
to less than nine-tenths of a pound in the 1960s. 

2. 	 Development of totally new materials - synthetic fibres, 
plastics, etc. 

3. 	Raising the productivity of the extractive process.
4. 	 Raising the productivity of the process of exptoration and 

resource discovery.
5. 	Development of techniques for the reuse of scrap or waste 

materials. 
6. 	 Development of techniques for the exploitation oflower-grade, 

or other more abundant, resources. One of the main effects of 
these technological developments is to reduce the economy's 
dependence upon any specific resource input and to widen 
progressively the possibilities of material substitution. As a 
result, although particular resources of specified quality do 
inevitably become increasingly scarce, the threat of a general
ized natural resource scarcity constraint upon economic growth 
by no means follows from this.98 

By limiting its analysis to the scarcity ofthose natural resources used as 
productive inputs and by assuming that the higher economic costs 
associated with the increasing relative scarcity of these inputs will 
automatically induce the appropriate mitigating innovations, the conven
tional view is generally optimistic about the ability of the economic system 
to overcome any such natural-resource scarcity constraint in the long run. 
As this chapter has indicated, however, this more contemporary perspec
tive on the resource problems facing advanced industrialized economies is 
far removed from the early economic theories - developed by Malthus, 
Ricardo and others - that sought to explain the scarcity effects arising
from the interactions among population growth, land availability and 
agricultural productivity in nascent industrial economies. 

APPENDIX: THE MALTHUS-RICARDO THEORY OF 
DIMINISHING RETURNS 

The Malthus-Ricardo theory of diminishing returns and declining profits
in agriculture is described in Figures 1.2-1.4. 

Figure 1.2 depicts the situation in agriculture without either the 
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Figure 1.2: The Basic Malthus-Ricardo Model of Diminishing Returns 

substitution of capital for labour or technological improvements to
increase output; hence, it is the basic Malthus-Ricardo model of
diminishing returns in agriculture. As incr,'asing amounts of capital plus
labour (OA, OG) are applied in agriculture to expand cultivation, the 
marginal physical product (curve CQ) declines. Assuming a minimum 
fixed level of subsistence maintenance per labourer (w,),total subsistence
wage income for labour (wL) increases as more labour is applied to the 
land (i.e., L, < L,). Since rent must also increase as cultivation is extended 
to less fertile lands, profits must eventually fall. 

For example, in the initial phase producing output OABC, OABD 
represents total wages and profits income (in physical uniL,) and DBC 
represents total rent. OABD is divided into subsistence income OAFE (=
w,L,) and profits EFBD. In the second phase, as cultivation is expanded
to produce output OGHC, the total return to capital and labour equals
OGHE and rent is EHC. However, because the total return to capital and
labour must go to labour (i.e., OGHE = W,L 2), profits must equal zero. 
Therefore in this phase, as profits approach zero, capital accumulation
 
stops and a stationary state is reached in agricultural production.


Figure 1.3 shows how the substitution of capital for labour in
agriculture could postpone diminishing returns by breaking the depen
dency of cultivation on labour. For example, in phase one OA amount of 
labour is employed at subsistence wage w, to produce an agricultural
output (such as corn) of OABC. Subsistence income is therefore OABD
and rent is DBC. In phase two, the substitution of capital for labour
reduced labour input to OE and increases labour productivity to C'Q'. 
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Figure 1.3: Diminishing Returns Offset by Capital-Labour Substitution 
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Figure 1.4: Diminishing Returns Postponed by Technological Change 

Source: Moron Paglin, Malthus and Lauderdale: The Ati-Ricardian Tradition (Augustus A. 
Kelley: New York, 1961). 
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Assuming that the latter effect outweighs the former, the new level ofoutput, OEGC', isgreater than the previous level, OABC. Given the fixed 
wage, however, subsistence income has fallen to OEFD, and the
remaining product is divided between profit and rent. For example,profits could be DFGH and rent C' GC. Hence the substitution of capital
for labour in agriculture could both increase output and generate profit to 
stimulate further capital accumulation. 

Figure 1.4 depicts the situation, perhaps envisaged by Malthus in hisPrinciples of Political Economy, where technological improvements in
agriculture offset diminishing returns. Such improvements can berepresented by an outward shift of the marginal physical product curve
(CQ). Since this expands the total returns to capital and labour (OABD),
despite the increase in total subsistence income (w,L) in each period,substantial profits continue to be made (i.e., EFBD continuously
expands). However, the marginal returns to capital and labour (dotted
line XY) are decreasing, and eventually fall to zero in period five. As
depicted in Figure 1.2, diminishing returns set in, and profits eventually
decline to zero. Thus technological improvements in agriculture may
postpone diminishing returns in agriculture for a significant period of 
time. 
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2 
Non-Economic Influences
 

In the 1960s, new economic perspectives on environmental problemsbegan to emerge that were subject to important non-economic influencessuch as environmentalism, thermodynamics and ecology. This chapterwill explore their coaribution to our knowledge and perception of human
interaction with the natural environment, and how they have influenced new theories in resource and environmental economics. To the extent thatthese new theories have carried on the conventional approaches toanalysing natural-resource scarcity, as exemplified by the 1963 Barnettand Morse study, they will be classified as "conventional". To the extentthat they deviate from this tradition, they will be considered alternativetheories. As the remaining chapters of this book make clear, the increasing

concern over the economic threats posed by environmental and resourceproblems, particularly the persistent convergence of environment anddevelopment problems in the developing world, has given greaterimpetus to these new developments in environmental and resourceeconomics that deviate from morethe traditional theories and 
approaches.' 

CONSERVATIONISM 

In tracing the historical development of the natural-resource scarcir"
doctrine adopted theby early American Conservation Movement(1890-1920), Barnett and Morse note that the essential postulate of thisdoctrine was that "the facts of ecological interdependence are physical ...
Mineral depletion is a physical necessity in an industrialized society." Asa result, "Finite physical limits of natural resources, to the earlyConservationists, constituted economic scarcity." In addition, the Conservationists argued that "nature's own ecological balance has intrinsicmerit simply because of its high physical value - its 'naturalness'. Thedoctrine attaches positive cultural and social values to an ecologicalbalance in which nature's biological systems are at high levels of physicaloutput and activity, and fears or deplores radical departures from such 

ecological levels".2 
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An important forefather of contemporary conservationism was George
Perkins Marsh.3 According to Barnett and Morse, Marsh's views contain
three contributions to the economic analysis of natural-resource scarcity.

First, Marsh rejected the way classical economics simplified the 
concepts of "nature" and "natural resources" to the static category of"agricultural land." He argued that the fundamental characteristic of 
nature is its ecological complexity and diversity, which is continually
undergoing change. For Marsh, the heterogeneity of natural resources 
cannot be summarized or measured in terms of the declining fertility of
arable land or the increased effort needed to extract less accessible mineral 
resources, but isan essential, irreducible and unquantifiable characteristic 
of nature - the result of the continuous dynamic interaction and
interdependence among nature's components. Marsh considered the
complexity and heterogeneity of nature to be the most significant feature
determining the relationship between people and nature. Secondly,
Marsh viewed nature and humanity as an inseparable, interdependent
unit - the "nature-man continuum';. He argued that "man changes the
natural complex and nature's changes, in turn, exert their major influence 
on man. The interaction is continuous." Finally, this view of an
inseparable "nature-man continuum" led to the assumption that eco
nomic analysis could not afford to ignore the basic physical interdepen
dency between people and the environment. Unlike the classical
economists (with perhaps the exception of Mill), Marsh believed that
dependence on natural resources "is not that of a simple flow of food from
agricultural land, but is much more complex. Man depends upon nature
and open individual components of nature for many products, facilities,
and services - material and intangible."'

Thus for Marsh and modem conservationists, nature's complexity anddiversity and the essential fact of our dependence on nature, makes the
whole environment inherently valuable to humankind. It is unthinkable 
to consider only one function 'f the environment as having value, that of
supplier of useful material and energy inputs into the economic process.
Only when these inputs are sufficiently scarce relative to their demand is
this scarcity reflected in market prices. Nor do the conservationists accept
that the value of another function of the environment, as assimilator of the 
waste generated by the economic process, only registers when this
function is overloaded and results in a negative externality (i.e., pollution).
ro the conservationists, the fundamental physical dependency of the
.ntire economic process on dynamic, heterogeneous and complex
-cological systems means that the entire natural environment must have
ialue to humanity. Moreover, by assuming that biological complexity and
liversity are essential for ecological stability and resilience allows the
:onservationists to believe that environmental preservation must also be
,aluable. 

Marsh and modem conservationists argue additionally that the 
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heterogeneity of nature isthe source of its weakness in its interactions with 
people. The physical demands that we place on nature are capable of 
disrupting its necessarily diverse and complex ecological relationships, 
which in turn threaten the material and non-material services it performs
for humankind. Unlike the classical economists, Marsh did not believe 
that natural-resource scarcity is an inevitable natural law but is, in effect 
the result uf our modifications of the "nature-man continuum".' Nature 
is capable of sustaining humankind indefinitely, provided that our 
physical demands do not seriously disrupt the ecological relationships of 
this continuum. Natural-resource scarcity results from these demands 
exceeding nature's capacity to fulfil them. Therefore, the alleviation of the 
threat of scarcity requires humankind to live within the physical limits 
dictated by a stable ecological balance between nature and the exploitation
of its resources. The essentiality of this balance to human livelihood 
suggests that its disruption poses an absolute constraint on economic 
activity. Therefore, preservation is of infinite instrumental value to 
human welfare. 

The existence of such an absolute ecological constraint on economic 
activity implies absolute limits to economic exploitation of the environ
ment. Thus conservationists have argued consistently for structural 
changes in the economic process in order to limit ecological damage, 
regardless of the costs in terms of production and foregone consumption.
In essence, such changes involve minimizing the material and energy
throughput requirements of the economic process, investing directly in 
the 'improvement' of the environment, and preserving environmental 
quality. As summarized by Page, the basic resource-saving criteria of 
conservationists are: 

i) 	The regenerative capacity or potential of renewable resources (such 
as forests, grazing land, cropland and water) should not be 
physically damaged or destroyed.

ii) Renewable resources should be used in place of minerals, in so far 
as is physically possible. 

iii) Plentiful mineral resources should be used before less plentiful 
ones, in so far as is physically possible. 

iv) Non-renewable resources should be recycled as much as possible., 

Conservationists frequently justify such criteria on the grounds that 
preservation of a stable ecological balance is essential in the long run to 
human welfare. In addition, they argue that environmenta preservation
is a moral obligation because of nature's intrinsic value as the source of all 
life. That is, as well as its instrumental value to human welfare, nature and 
the "nature-man continuum" is sacred because life is sacred: 

One of the more important tasks for any society is to distinguish
between ends and means-to-ends, and to have some sort of cohesive 



37 Non-Economic Influences 

view and agreement about this. Is the land merely a means of 
production or isit something more, something that is an end in itself? 
And when I say "land", I include the creatures upon it.... There is 
no escape from this confusion as long as land and the creatures upon 
it are looked upon as nothing but "factors of production". They are, 
ofcourse, factors of production, that is to say means-to-ends, but this 
is their secondary, not their primary, nature. Before everything else, 
they are ends-in-themselves, ihey are meta-economic, and it is 
therefore rationally justifiable to say, as a statement of fact, that they 
are in a certain sense sacred. Man has not made them, and it is 
irrational for him to treat things that he has not made and cannot 
make and cannot recreate once he has spoilt them, in the same 
manner and spirit as he is entitled to treat things of his own 
making.... It is a metaphysical error, likely to produce the gravest 
practical consequences, to equate "car" and "animal" on account of 
their utility, while failing to recognize the most fur.damental 
difference between them, that of "level of being".' 

In recent years, the moral and philosophical arguments and practical 
concerns for tL.vironmental preservation have been meshed into a holistic 
view of environment and development in the global biosphere.8 In 
particular, the idea of an environmentally sustainable pattern of economic 
development is no 13nger seen to be just a luxur,,' of the advanced 
industrialized economies who are suffering the environmental excesses of 
their overdevelopment, but is increasingly seen to be a necessity for 
developing countries seeking to industrialize and expand their economies. 
That is, these essentially resource-based economies require both efficierit 
and si,,tainable management of their resource base in order to ensure the 
success o, their long-run development efforts. As a result, the growing 
recognition that the overall goals of environmental conservation and 
economic development are not conflicting but can be mutually reinforc
ing has prompted serious policymaking interest in environmentally 
sustainable economic development." 

The 1972 United Nations Conference on the Human Environment, 
held in Stockholm, is usually credited with popularizing this concept of 
sustainable development. However, the origins of the term probably lie in 
the Paris Biosphere Conference and the Washington DC Conference on 
the Ecological Aspects of International Development, which were both 
held in 1968.1° In general, the concept arose out of the conservationists' 
concern that: 

Few if any countries take adequate account of environmental 
considerations when making policy or planning development. Few 
allocate or regulate uses of their living resources so as to ensure that 
they are environmentally appropriate and sustainabie. Many lack 
either the financial or technical resources, or the political will, or 
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adequate legislative, institutional, or public, support for conserva
tion (or any combination of these) to carry out fully the conservatior 
measures required. I 

Attempting to translate conservstioists' concerns and criticisms int(analytical precise and rigorous recommendations for economic policy.making has not been an easy task for proponents of sustainabldevelopment. More often than not, precision is sacrificed to thtacceptability of age-old and universal conservationist principles. Fo,example, the W1"orld ConservationStrategy emphasizcs "the maintenanc.of essential ecological processes and life-support systems, the preservatior
of genetic diversity, and the sustainable utilization of species antecosystems" with the overall aim of achieving "sustainable developmen
through the conservation of living resources". I2 While lauding the genera
underlying message, sympathetic economisr have none the less criticizecthe definition and objectives outlined in the World ConservationStraiegias being too vague for practical application; failing to p,.rceive the crucia.issues of trade-offs among economic and conservation goals; and for 
ignoring valuation problems.I

Perhaps the greatest contribution that the conservation movement hamade and will continue to make to economics is that of spurringeconomists on to tackle the following problems: anaking .he concept oisustainable development more workable; focusing economic analysis on
the value of environmental preservation; exar.:ining the economic role oiecological relationships and environmental functions; and considering anabsolute ecological constraint under certain economic conditions. 

ECOLOGY
 

Inseeking to understand key ecological relationships and their impor
tance to the economic process 
 more fully, economics has becomeincreasingly influenced by ecology. Ecology is a division of biology thatstudies the relation or interaction of organisms with their environmert.
The science of ecology isclosely related to the study of genetics, evolution,
physiology and animal behaviour, yet it has emerged as a completelyindependent discipline. Its distinguishing feature is the categorization ofthe natural environment in terms of distinct systems, called ecosystems,
that share characteristic features: 

There is a natural sequence to the subject matter of ecology,
proceeding from the inorganic to the organic world.... The climate,
soils, bacteria, fungi, plants, and animals at any particular place
together constitute an ecos-vstem. Thus each ecosystem has both
abiotic (nonliving) and biotic (living) components. The biotic 
components of an ecosystem, or all the organisms living in it, taken 
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together, comprise an ecological communitY. The abiotic components
can be separated into inorganic and organic, whereas the biotic 
components are usually classified as producers, consumers, and
d--composers. Producers, sometimes called autotrophs,are the greenplants that trap solar energy and convert it into chemical energy.
Consumers, or heterotrophs, are all the animals that either eat the
plants or one another; all hetermtrophs are thus directly or indirectly
dependent on plants for energy. Several levels of consumers are
recognized (primary, secondary and tertiary.) depending on whether
they eat plants directly or other herbivorous or carnivorous animals. 
Decomposers, also heterotrophs, are often bactcria and fungi; they
function in the ecosystem by breaking down plant and animal
material into simpler components and thereby returning nutrients to
the autotrophs. Decomposers are therefore essential in recycling 
matter within an ecosystem. ' 

Ecology's study of ecosystems has traditionally involved three
approaches  descriptive, functional and evolutionary. "The descriptive
point of view is mainly natural history and proceeds by describing thevegetation groups of the world, such as the temperate deciduous forests,
tropical rain forests, grasslands, and tundra, and by describing the animals
and plants and their inter-relationships for each of these ecosystems."'"
Modern ecology, tmwever, tends to emphasize both the functional andevolutionary perspective: "Functional ecology studies proximate causes -
the response of populations and communities to immediate factors of the
environment. Evolutionary ecology studies ultinatecauses - the historical 
reasons why natural selection has favoured the particular adaptions we 
now see." 16 This functional-evolutionary approach analyses the envirnon
ment at three levels of integration: populations, communiies and
 
ecosystems.
 

A population is a set of organisms belonging to the same species and
occupying a particular area at the time.", Therefore
same population

ecology studies the changes in size, density and other characteristics of

populations. Of particular importance is the biotic potential, or intrinsic 
rate of natural increase, of a popuiation. and its process of natural
 
selection. The former 
has featured in many bio-economic models of

optimal renewable resource management, such as of fisheries."
 

Community ecology links up witi population ecology in the study ofinterspecific competition (competition among two or more species). For
example, predator-prey models have been used to explain both popu
lation fluctuations 
 and the role of predator-prey relationships a: an
organizing force in ecosystem communities. Early' theoretic;'i models 
predicted well-defined oscillations in predator and prey populatiens due 
to positive and negative reinforcing feedback effects. In later iodels, asimple predation process has led to a stable equilibrium, oscillation, er 
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extinction in response to a fluctuating environment.' Essentially, most 
models show that when the population of predators is low, that of prey
increases. After some time lag this causes predators to increase. 
Eventually, however, predators over-eat their prey and the prey popula.
tion declines, which, after a time lag causes predators to decrease again.
This basic predator-prey model has also been adapted by economics for 
optimal harvesting models. 2 1' 

Given the complexity of ecological relationships, verification oftheories at the ecosystem level is particularly difficult. Nevertheless,
ecology generally represents the natural development of ecosystems as a
long-term process of succession, in which a more stable ecosystem 
emerges through improved feedback, or homeostatic, responses to 
changes in the physical environment: 

Ecosystem development, or what is more often known as ecological
succession, may be defined in terms of the following three parameters:

(1) 	It is an orderly process of community development that 
involves changes i-Ispecies structure and community process
with time; it is reasonably directional and, therefore, 
predictable.

(2) 	 It results from modification of the physical environment by
the community; that is, succession is communirv-controlled 
even though the physical environment determines the pat
tern, the rate of change, and often sets limits as to how far 
development can go.

(3) 	 It culminates in a stabilized ecosystem in which maximum 
biomass (or high information content) and symbiotic function 
between organisms are maintained at per unit of available 
energy flow.... In a word, the "strategy" of succession as a 
short-term process is basically the same as the "strategy" of 
long-term evolutionary development of the biosphere, namely
increased control of, or homeostasis with, the physical
environment in the sense of achieving maximum protection 
from its perturbations.2 

Through natural succession, ecosystems develop complex feedback
mechanisms to ensure their stability. For example, "biotic controls of
grazing, population density, and nutrient cycling provide the chief 
negative feedback mechanisms that contribute to stability in the natural 
system by preventing overshoots and destructive oscilations." 22 These 
feedback mechanisms and controls therefore represent the ecological
parameters regulating the density and size of an ecosystem's community 
and populations. 

Of course, humankind is the only population that has developed the
ability to manage the environment so as to ensure survival of the species.
As Odum argues, however, such extensive exploitation threatens the 
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ecological stability crucial to human welfare: 

Man, of course, more than any other species attempts to modify the 
physical environment to meet his immediate needs, but in doing so 
he isincreasingly disrupting, even destroying, the biotic components
which are necessary for his physiological existence. Since man is a 
heterotroph and phagotroph who thrives best near the end of 
complex food chains, his dependency on the natural environment 
remains no matter how sophisticated his technology becomes. The 
great cities are still only parasites in the biosphere when we consider 
what have been aptly called the vital resources, namely air, water, and 
food. The bigger the cities the more they demand from the 
surrounding countryside and the greater the danger of damaging the 
natural environment "host". So far, man has been so busy
"conquering" nature that he has yet given little thought or effort toreconciling the conflicts of his dual role, that of manipulator of andinhabitant of ecosystems.2" 

Moreover, the type of damage inflicted on natural ecosystems can be so 
=-zcnsive and pervasive that natural feedback mechanisms breakdown 
and, instead of dampening any initial disturbance, tend to amplify its 
effects through successive ecological interactions. This process is des
cribed for the case of human disruptions to natural hydrological cycles,
soil run-off and erosion: 

Man's activities can change rhe nature outhe land surface in ways
that are quite fundamental to the operation of natural ecosystems by,
for example, the removal or modification of the accumulated living
and dead biomass of the natural vegetation and the disruption of the 
ecosystem's functional organisation.... These modifications lead to 
changes in the water balance of catchment areas, usually increasing
the proportion of surface runoff. In addition, the distribution of 
runoff through time ischanged also, noimally producing concentra
tions of runcff into higher peak flows. These hydrological changes in 
turn permit greater removal of mineral material from the land 
surface in the form of increased rates of erosion. In order to 
accommodate these increased flows of water and minerals, river 
channel adjustments take place. Such cihanges in process are 
normally progressive, a- the negative feedback processes prevalent in 
natural systems are replaced by positive feedback mechanisms.2" 

So, through extensively modifying the natural environment, people
often endanger the ecological stability on which they are dependent. As 
biological organisms, people are an integral part of the ecological
functioning of their environment; as highly-advanced social animals, they 
are capable of organizing the means to exploit the resources of nature to 
satisfy their material needs on an unprecedentedly extensive and intensive 
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scale. The result is that we have become the dominant organism in anecosystem we utilize and so have the capacity to trans.orm and alt(
radically any natural ecosystem: 

If ecosystems are defined as distinct assemblages of plant and anim:life, together with their effective environment, then any heavily useecosystem contains man as the dominant animal, and his cropsdominant flora... To a greater or lesser degree, all ecosysten:utilized by man are created or modified by man's activity.... Whiithe inanimate and non-human elements of ecosystems have oveywhelming numerical dominance, the process-response relationship
which define the ecosystems are to a large degree governed by thdecisions and activities of man in all those which he closely occupie:The replacement of natural ecosystems by man-modified and mancreated ecosystems now extends over most of the earth, including th 
oceans.2" 

By altering the natural environment through modifying or creating nevecosystems (by introducing agricultural systems, urban areas orreservoirs, for instance) 
wate 

we can facilitate the social activity of satisfvin: our material needs. At the same time, if such modifications or newl'introduced systems in the environment lead to severe disruptions in itecological functions, then the consequences for human welfare could bcdrastic. For example, the setting up of an intensive vet ecologicall'inappropriate agricultural system in a previously natural environmencould cause the leaching of soil nutrients, erosion and eventua 
desertification. 

An increasingly important question for ecologists, as well as fo:economists and other social scientists, is to what extent is the peoplenature balance  or ecological stability and sustainability (resilience) - o:managed ecosystems dependent on the resilience or adaptation of naturalecological processes to the disorder inflicted by economic and otherhuman activity: "in an equilibrium model, adaptive processes are thoscthat tend to maintain homeostasis in crucial variables in the face oiperturbation".26 This need for continuous ecological adjustment andadaption by the environment in response to human "perturbation" i'described by Tivv and O'Hare: 

...one of the most important attributes of the climax or matureecosystem is that of stability. This is the ability of a system tomaintain a relatively constant condition in terms of its speciescomposition, biomass and productivity, with minor fluctuations
around a mean value (the equilibrium point), and to return to thissteady condition fairly rapidly after internal or external disturbances.... Nearly all human activities disturb "natural" ecosystemsto a lesser or greater extent. And, as has already been stressed, there 

http:perturbation".26
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are very few areas of the earth's surface unaffected by direct orindirect human influence. They can, and often do, cause disturban
ces such as were formerly not encountered by organisms and which are beyond the limit of tolerance of the ecosystem. They subject theecosystem to stresses greater than would otherwise occur. These, ashave already been noted, can completely destroy an ecosystem. Insome cases, severe stress may inhibit its re-establishment or effect an 
irreversible change.27 

An endemic problem facing all analyses ofenvironmental change isthatknowledge of human impact on ecosystems is inadequately developed.Our knowledge of evolution in general, and ecological development inparticular, is limited. Perhaps what is most limited is our understandingof the diversity and complexity of ecosystems themselves.
The total energy flow of an ecosystem is defined as the portion ofincoming solar radiation that issuccessfully converted through photosynthesis into plant matter and is thus potentially available to herbivores. AsTable 2.1 shows, total energy flow per annum of most solar-powerednatural ecosystems varies from 1,000 to 40,000 kilocalories per squaremetre (4.185-167.4 megajoules (MJ) per m2). This range covers bothunsubsidized solar-powered natural ecosystems that depend largely orentirely on solar energy for their sources of energy; and naturallysubsidized solar-powered ecosystems that augment solar energy by theauxiliary energy input of tides, waves, wind, rainfall or water power and/or through the energy content of any organic matter or nutrients importedfrom other ecosystems. 28 For the latter ecosystems, these auxiliary energysources reduce the unit cost of self-maintenance (in energy terms) by theecosystem, which increases the amount of solar energy input converted tothe chemical potential energy of plants. Hence, one would expect the mean energy flow for a stable naturally subsidized ecosystem (such as anestuary or a rainforest) to be higher than that for a purely solar-poweredecosystem (such as upland forest or grasslands). For the biosphere as awhole, Odum estimates that the total energy flow per annum isapproximately 2,000 kcal/ml (8.37 MJ/m 2 ), roughlx .04 per cent of thetotal incoming solar energy flow per square metre per year.2" If the complexity and diversity of ecological systems and processes
make 
 it difficult enough to understand the conditions necessary forensuring ecological stability and sustainability (resilience), our limitedknowledge of evolution in general and ecological development inparticular make it extremely difficult to assess the extent to whichnegative human impacts interfere with the normal process ofevolution, or

change, in ecosystems.
First, although the pattern of natural ecological development, orsuccession, may be a continuous trend towards increased stability,environmental changes do not necessarily reverse this process of suc
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Table 2.1: Ecosystems Classified According to Source and Level of 
Energy 

Annual energy flow (power
 
level)
 

(kilocalories per m2 )
 

I. 	UnsubsidizedNaturalSolar-Powered
 
Ecosvstems
 
Examples: open oceans, upland forests.
 
These systems constitute the basic life-
 1,000-10,000 
support module for the earth. (2,000) 

2. 	 NaturallySubsidized Solar-Powered
 
Ecosystems
 
Examples: tidal estuary, some rain
 
forests. These are the naturally
 
productive systems of nature that not
 
only have high life-support capacity but
 
also produce excess organic matter that
 
may be exported to other systems or 10,000-40,000
 
stored. 
 (20,000) 

3. Man-Subsidized Solar-Powered
 
Ecosvstems
 
Examples: agriculture, aquaculture.
 
These are food and fibre-producing
 
systems supported by auxiliary fuel or 10,000-40,000

other energy supplied by man. (20,000) 

4. 	Fuel-PoweredUrban-IndustrialSvstems 
Examples: cities, suburbs, industrial
 
parks. These are man's wealth
generating systems in which terrestrial
 
energy replaces the sun as the chief
 
energy source. These are dependent on
 
classes 1-3 for lift support, food and 100,000-3,000,000

fuel. (2,000,000) 

Numbers in Parenthesei art esumated round-figure averages.

Source: E.P. Odum, Ecology (2nd edn), (Holt, Rinehart and Winston: London, 1975), Table 2.1.
 

cession by producing equaily steady decreases in ecological stability.
Instead they often take the form of abrupt, discontinuous shocks to the 
ecosystem. As a result, species diversity and population levels are 



45 Non-Economic Influences 

distrupted, and the ecosystem is quickly transformed from one stage to 
another (see Figure 2.1). Thus environmental change often involves 
discontinuous interruptions to the normal pattern of succession rather 
than steady declines in ecological stability. !' 

Secondly, for each ecosystem, its fragility (that is "the ease with which 
an ecosystem can be disrupted") depends essentially on two factors: "first 
on the relative resilience of the system and, second, on the type of 
disturbance to which it is subjected". " The aggregate effects of any large
scale environmental changes involving the interacting responses ofseveral 
interlinking ecosystems may be an unusual capacity for resilience and 
regeneration in some cases and a tendency towards rapidly reinforcing 

Time 
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Figure 2.1: Environmental Change as Discontinuous Shocks to the 
Normal Pattern of Succession 
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disturbance and disruption in others. For example, interlinking grasslanmecosystems arc often able to absorb a high degree of physical stress fron.human intervention. Even if there is significant destruction of surfacebiomass or conversion of land for cultivation, the grassland's ability tcrecover and regenerate is not impaired.32 In comparison (see furthe:discussion in Chapter 6), the Amazonian tropical forest systemicomprised of three completely distinct, interlinking ecosystems - thetropical forest ecosystem proper, the river bank swamp areas and theaquatic river ecosystems. These sub-systems are so intricately interdependent that any external disturbance to one is bound to have repercussions ior the entire Amazonian region. Hence, it is difficult to makecomparisons and generalizations about the resilience of different ecosystems when subjected to large-scale human disturbances and ecological

destabilization. 
Understanding ecological resilience in the face of external disturbancesis also of importance to managed ecosystems, particularly. agriculturewhere the purpose of human activity is to transform an ecosystemdeliberately." 3 As noted above, the key question is whether or not thehuman modification and transformation of ecosystems affect theirstabilitv and resilience (sustainability). If the natural mechanisms ofcontrol and stabilization are replaced by increased human managementand control, the application of human knowledge, and the use of bothhuman and natural resources  all with minimal ecological disturbance the result may be little change in ecological stability or sustainability. '4In Java, the process of transforming ecosystems into a complex systemof paddy rice fields produced a fairly stable, managed ecosystem thatpersisted for centuries until this system was transformed by Dutch rule. " 

In contrast, the extensive transformation of parts of the Amazonian forestinto large-scale commercial agriculture and ranching, as well as colonistshifting cultivation zones, does not appear to have established asustainable or stable modified system since the loss of natural ecosystemsof control have not been adequately compensated by proper humanmanagement (see Chapter 6). Recently, there has been growing concernthat the inappropriate transformation of unsuitable areas of existing
agricultural systems into 
 more monoculture, hybrid-species systemsdependent on petro-chemical based fertilizers and pesticides, has tendedto increase the fragility, rather than the resilience, of these important

managed ecosystems. '
 

A further problem is that ecosystems modified by people do not exist
in isolation interact thebut with untransformed ecosystems of theenvironment. Consequently, the inherent stability or resilience of theformer may be linked to the stability and resilience of the latter. I Froman anthropomorphic perspective, a stable and sustainable (resilient)people-nature balance may actually require a good mixture of earlysuccessional systems modifed to suit human needs and undisturbed 
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climax ecosystems. In assessing the stability and sustaiability of such aneconomic-environmental system, one has to be careful to distinguish
between local changes in the resilience of particular modified and naturalecosystems, and global changes in the resilience of the entire intercon
nected system.

The application of fertilizers and pesticides to an agricultural systemmay increase production from its annual cycle and appear to leave thesystem as stable as before. On the other hand, the surface run-off of petrochemical wastes may cause considerable disruptions to the surrounding
natural ecosystems which, as a result, could become less stable andresilient. Whether the entire economic-environmental system would
experience a global deterioration in stability and sustainability, however,
depends upon the feedback effects between the natural and modifiedecosystems. Again, these may vary according to the resilience of theecosystems and the type of external disturbance involved.

As emphasized by Conway, precisely because agricultural systems - oragro-ecosystems - are ecological systems modified by human beings to
produce fibre or other agricultural products, their capacity for sustainability and stability cannot be understood solely by examining their flowsand cycles of energy and materials. 1 One consequence of this transformation is that the system boundary of"an agroecosystem acquires a socio
economic dimension (Figure 2.2). Therefore it becomes essential toanalyse how the complexity and diversity of agro-ecosvstems (characteristics which in turn affect the stability and sustainabilit of these systems)
arise from the interaction between socio-economic and ecological 
processes.


As suggested by Holling, the basic system properties for naturalpopulations, communities and ecosystems, are productiz'tv (in terms ofnumbers/biomass of individuals species), stabilitv (constancy) and resil
ience. 11 In contrast, a unique feature of the agro-ecosystem is that it is alsogeared towards the socio-economic goal of increased social value. Socialvalue - or welfare - is defined by Conway "in terms consistent withclassical welfare economics" as being 

a function of the amounts of goods and services produced by theagroecosystem, their relationship to human needs (or happiness) and
their allocation among the human population.... In practice,
therefore, an assessment of an agroecosystem's performance has tobe made not in terms of the theoretical goal but in relation to those
key system properties that contribute most directly to realizing the 
goal. 40 

Conway suggests four agro-ecosystem properties - productivity,
stability, sustainability and equitability - that directly relate to therealization of social value, and presumably in return, are affected by 
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attempts to maximize social value through different modes of agricultural 
development (see Figure 2.3).11 

Productivityisdefined as the output of valued product per unit of resource
input, with common measures of productivity being yield or income per
hectare, or total production of goods and services per household or nation. 

Stability may be defined as the constancy of productivity in the face ot
small disturbing forces arising from the normal fluctuations and cycles in
the surrounding environment. Included in the environment are those
physical, biological, social and economic variables that lie outside the
agro-ecosystem, and normal fluctuations which may occur in the climate 
or in the market demand for agricultural products. 

Sustainabilitvis defined as tile ability of an agro-ecosystem to maintain 
productivity when subjected to stress or shock. Stress in this context
would be a regular, sometimes continuous but relatively small and 
predictable disturbance such as the effect of salinity', toxicity, erosion,
declining market demand or indebtedness. Shock or, the other hand
would be an irregular, infrequent, relatively large and unpredictable
disturbance such as a rare drought or flood, a new pest or asudden rise in 
input prices (like oil in the mid-1970s). 

Equitability is defined as the evenness of distribution of the product
among the agro -ecosystem beneficiaries who might be the farm house
hold or the population of a village or nation. 

Thus, in order to understand the process of socio-economic and agro
ecological interacticir in agro-ecosystems, it is essential to identify the
important factors and processes that affect these four primary sy:stem
properties. Fable 2.2 shows one such list of impacts for the high altitude 
villages in the Karakoram mountains of Northern Pakistan. 

Although the complexity and diversity of ecological processes and 
systems pose a tormidable challenge to our understanding, the science of
ecology has improved our knowledge of natural populations, communi
ties and ecosystems, and human ecological impact. This knowledge has
had an enormous influence on those recent approaches in environmental 
and resource economics concerned with the impact of economic activity
- including activity within managed ecosystems such as agro-ecosystems 
- on environmental degradation. The effect of such activity may, in the 
extreme, take the form of breakdowns in natural feedback mechanism"
and controls which, in turn, can accelerate change in ecosystems beyond
the limits of tolerance. Thus, it is not surprising that. in the attempt to
understand the interaction between socio-economic and ecological pro
cesses, the work at the frontiers of ecology and economics is converging 
more and more. 
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Table 2.2: Key Variable" and Processes Affecting the System 
Properties of Villages in the Northern Areas of Pakistan 

Posi: c .\eeani'e 

PRODUCTIVITY 

Construction of Karakoram Highway Shortage of cultivable land 
Developlent of new land Shortage of water 
Inorga.. ,rtilisers Weeds, pests and diseases 
New wheat and fruit varieties Seasonal labour shortage 
Introduction of seed potato cultivation 
New credit loan system 

STABILITY 

Integration of crops and livestock Crcp pe:ts and diseases 
Co-ope:-;tive marketing Livestock diseases 
Improvement of irrigation channels Temperature fluctuatimis 

SUSTAINABILITY 

Farmyard manure Glacier movement 
Crop rotation (wheat, potatoes) Mudflows, avalanches 
Training of village livestock specialists Earthquakf:s 

River bank erosion 
Virus of secd potatoes 
Overuse of pesticides 

EQUITABILITY 

Traditional co-operation Sale of land 
Creation of village organisations Education 
Rotation of pasturing Errugrant labour 
Development of new land 

Source: Gordon R.Conway, "The propertte of agrvrcosvstems", ArncuiturzI Svsrenm, Vol. 24 
(1987), Table 2,p 104 

THERMODYNAMICS 

Econon-ucs has always looked to physics for its theoretical and methodo
logical in~spiration. Consequently when, in the 1960s, economists were 
looking for another analogy in physics with which to characterize the basic 
physical relationship between the economic process and the environment, 
thermodynamics seemed to be appropriate. Thermodynamics developed 
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as a branch of physics devoted to the understanding ofenergy transforma
tions, particularly the conversion of available energy into work and wasteheat. Of particular interest to economists were the first two laws ofthermodynamics, which seemed to be analogies for the material and 
energy transformations of the economic process.

A formal definition of the first law of thermodynamics is usually statedas: "The change in the internal energy of a system is equal to the net 
energy flow across the boundaries of the svstem."1 2 In general, however,
this law is interpreted as meaning that energy, like matter, can neither be
created nor destroyed and therefore must be constant during anyinteraction between a system and its surroundings. Thus, the first law isoften referred to as the 'law of conservation of matter and energy". " In
the 1960s and 1970s, this law formed the basis for materia',-energ-y balance 
models of the economic process. 4 

As is suggested by the first law, 
when materials - minerals, fuels, gases, and organic materials - are
extrazted and harvested from nature and used by producers and so
cared consumers, their mass is not altered in these processes except
in trivial amounts. Materials and energy residuals are generated in
production and consumption activities, and the mass of the former 
must be about equal to that initially extracted from nature.
Accordingly, it is basically deceptive to speak of the consumption of 
goods.4 

C(.,'equently, if one takes the internal system as being the economic
system of production and consumption of material commodities, its
surroundings to be the natural environment, and the inflows and outflows 
across the boundaries of the system to be the raw material and energy
resource inputs and waste residuals respectively, then one can deduce
from the law of conservation of matter and energy that 

each increase in the production levels of physical goods in our 
economy has two effects: (1)a corresponding increase in the amounts
of matcr; ! inputs and energy from the environment and (2) acorresponding increase in the waste loads placed on the absorption
capacity of the envirc i. 'ent.1" 

This implies that economic growth in terms of "physical goods" cannot
 
occur without the additional extraction of resources 
from the environ
ment, and increased waste.
 

In i;; formal application in modern physics, the second 
 law ofthermodynamics is applied to the flow of energy in a system, and entropy
is defined as a measure of the unavailable energy in that system.
Therefore, in any thermodynamic system one can distinguish theavailable (free) energy from the unavailable (bound) energy. That is,available energy is distributed unevenly ir highly ordered forms, such as 
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the kinetic energy of a waterfall or the potential-chemical energy. of coal 
and other fossil or biomass fuels. These qualitative properties of available 
energy make it useful for conversion into mechanical work. In contrast, 
energy that is unavailable is spread evenly or completely dissipated as 
waste heat in the system, which prevents it from being used for 
mechanical work. When coal or other fuels are burned, the heat dissipates
quickly intu the local atmosphere at a low temperature. This makes it 
virtually useless for, say, boiling water to produce steam. So in 
thermodynamics, entropy is a measure of the qualitativestate of energy in 
a s,;btem, and the entropy of a system is said to increase as the energy
contained within it dissipates from a more available to a less available 
state. In this sense, therefore, "entropy is a negative measure associated 
with utility. An increase in entropy corresponds to a decrease in utility;
hence, entropy is a measure of disutility". 7 

A formal definition of the second law of thermodynamics is usually
stated as: "No self-acting and cyclic device (unaided by any external 
agency) can make heat pass from one body to another at a higher
temperature".4" Or more simply, "heat flows by itself only from the 
hotter to the colder body, never in reverse".49 The implication of the 
entropy law is that any conversion of the energy supplied to a system into 
mechanical work must invariably involve some energy waste (that is, 
waste heat) and the energy converted for work must also eventually
dissipate. When this occurs, the entropy of the system has increased. 
Consequently, "even though energy is conserved in a closed system, the 
system tends toward an energy state corresponding to that of minimum 
usefulness".0 

However, Georgescu-Roegen has consistently argued that the concept
of entropy of the second law need not be confincd to energy transforma
tionsi' In macroscopic transformations of matter and energy, such as 
those occurring in the economic process, matter as well as energy is being
dissipated from a more available (useful) state to a less available (useless) 
state. By analogy, therefore, the entropy law can also be applied to this 
mazroscopic transformation of matter. If a more general interpretation of 
the second law allows entropy to be regarded as an index of dissipation or 
disorder, then one could argue that both energy and matter are subject to 
entropic dissipation by the economic process. 

Low entropy (highly ordered) fossil fuels enter the economic process
capable of performing mechanical work, but leave the economic system
having been dissipated into waste heat, smoke and residual matter. 
Similarly, raw materials and mineral resources can be transformed into 
consumer and producer durable goods. Eventually, however, these items 
will be used up (that is, physically depreciated) and discarded as useless 
items. In general, the material inputs from the environment into the 
economic system - timber from trees, mineral ores, foodstuffs and so on 
- are highly ordered, available and thus useful sources of material. On the 
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completely or partially disordered, dissipated materials and material 
structures that are no longer useful to humankind.2 

As a consequence, if the process iseconomic dependent on thesurrounding environment for sources of material and energy, then this 
process irrevocably and irreversibly transforms the useful (low entropy)matter and energy available in the environment into useless (high entropy)
material and energy waste. The result of the throughput of terrestrial 
sources of material and energy in the economic process must therefore be 
an increase in the entropic state of the environment: 

In fact all environmental degradation can be defined as increased
environmental entropy. Entropy is a measure of unavailable energy
and disorder. Thermal pollution is unavailable energy; therefore, the
discharge of heat water airwaste to and results in increased
environmental entropy. Likewise, the emission of liquid, gaseous
and sc!id wastes, which are the disordered by-products of industrial 
processes, increases environmental disorder and raises the level of 
environmental entropy.53 

Hence, by analogy with the second law of thermodynamics, cne could say that the increased disorder, or entropy, of the environment is a direct 
consequence of the appropriation of its resources as material and energy
inputs by the economic system.

The economic system appropriates these low-entropy resources inorder to maintain its own physical elements - the human population,
consumer and producer durables and so forth, in a highly ordered (and
thus useful) state. But this maintenance of order within the economic 
system must correspond to a loss oforder by the source of the matter and energy used by the economic process  the terrestrial environment. Inturn, the environment maintains its natural resources in an ordered (low
entropy) state by utilizing the flow of available energy from the sun.
However, if the dissipation of environmental resources by the economic process occurs at a faster rate than that at which the ecosystems canrecuperate, then the increased disorder in the environment resulting from
the material and energy throughput of the economic process will cause 
irreparable damage to the terrestrial environment: 

We have two sources of low entropy: terrestrial stocks of concen
trated minerals, and the solar flow of radiant energy. The terrestrial 
-ource-(minerals in the earth's crust) is obviously limited in total
ainount, though the rate at which we use it up is largely a matter of
cho;ce. The solar source ispractically unlimited in total amount, but
strictly limited in the rate at which it reaches the earth. These means 
are finitL .. terrestrial stocks can, for a while it least, be used at a rate
of man's o,, a.choosing, that is, rapidly. The use of solar energy and
renewable resources is limited by the fixed solar flux, and the 
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rhythms of growth of plants and animals, which in turn provide a 
natural constraint on econonic growth. But growth can be specded
beyond this constraint, for a time at least, by consuming geological 
capital - by using up the re.erves of terrestrial low entropy.... The 
throughput flow maintain, or 'ncreases the order within the human 
economy, but at the cost of creating greater disorder in the rest of the 
natural world, as a result of depletion and pollution. 

SUMMARY AND CONCLUSION: TOWARDS AN 
ALTERNATIVE VIEW 

Conservationism, ecology and thermodynamics have in recent decades 
exerted an enormous influence on environmental and resource economics 
- the sub-discipline in economics concerned with economic-environmen
tal interactions. Unlike the period of rapid industrialization and long-run
economic expansion from the late niineteenth century up until the 1960s,
the current era is one in which problems of natural resource depletion and 
environmental degradation - such as pollution, the 1970s oil shock and 
en ',ironmentally "unsustainable" development - have once again become 
major policy issues. In an effort to understand these new problems, which 
are fundamentally different from the land-scarcity concerns of classical 
economists, some contemporary economists have been quick to borrow 
from non-economic influences. 

With the renaissance of the environmental movement since the 1960s, 
there has been renewed interest in the moral and philosophical arguments
of conservationists. As noted in this chapter, the present-day rnatural
resource scarcity doctrine of the conservationists has a long intellectual 
tradition dating back to the writings of Marsh, and emphasizes the fact 
that human dependence on nature, or the "nature-man continuum", 
makes the whole environment inherently valuable to humankind. 
Moreover, given that biological diversity and complexity is essential to 
this continuum, then environmental preservation must also have value to 
humankind. More recently, conservationists have argued that efficient 
and sustainable resource management is essential to the long-zerm 
development of Third World countries. 

If conservationism has provided the moral and philosophical aigu
ments for new approaches to environmental and resource economics, 
ecology has furthered our scientific understanding of ecological relation
ships and how they are affected by human activity. Ecoogists have 
underlined the complexity and diversity of ecologic,! relationships and 
processes, and have clarified greatly notions of ecological stability and 
resilience (sustainability) in the face of the human disturbance of 
ecosystems. Of particular interest are the managed ecosystems, such as 
agro-ecosystems, that have been deliberately transformed to meet human 
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needs. Understanding the conditions for long-term stability and sustainability of these systems has led some ecologists to consider the interactions between socio-economic and agro-ecologicai processes. At thefrontiers of both disciplines, ecology and economics are increasinglyfinding common ground for approaching the problems of economic
environmental ir.meraction. 

Thermodynamics has supplied some economists with the methodology'for depicting the "throughput" of material and energy from theenvironment into the economic process and then back into the surrounding environment.51 As a result, the first law allows the economic systemand the environment to be viewed together as a closed circular system ofenergy and material transformation. The second law can be analogouslvapplied to depict this process as an irreversible transformation of ordered,useful (low entropy) material and energy into disordered, dissipated andtherefore useless (high entropy) waste. Moreover, as the environment isthe source of the resources transformed by the economic process, and therecipient of its wastes, the net effect of this transformation is to maintain or increase the order of the economic system at the expense of increasingthe disorder (degradation) of the natural environment.
The economic interpretations taken from conservationism, ecology andthermodynamics can be put together in an alternative view of naturalresource scarcity that differs substantadly from the more conventionalperspective that prevailed before the 1960s. At the heart of this alternativeview is the recognition of a new natural-resource scarcity problem: thatincreasing environmental degradation (or disorder) may, under certainconditions, threaten ecological stability and sustainability. By supplyingmore and more restirces to the economic process and by having in turnto absorb the resulting waste, the environment can no longer maintainindefimitely the same degree of ecological activity or stability. Ecosystemsmay eventually break down if the environment is continually disruptedand cannot maintain its resilience. Under such circumstances, theopportunity cost in environmental terms of supplying the material needs
of the economic system with terrestrial resources is increasing ecological


instability and unsustainability.

Borrowing an analogy from thermodynamics, as the existence of
available energy and material in the environment is intrinsically related to
the ordered complexity and diversity of ecosystems, the transformation


by the economic process of this available material and energy intodissipated waste must represent an increase in the disorder in theecosystems of the environment. For example, when an environmental resource (such as a tree or a coal deposit) is appropriated by the economicsystem, the surrounding environment has lost some usefully orderedstructure or store of material and/or energy; it has become less ordered asthe result of the extraction of the resource. The loss of such an orderedstructure of material and energy can have an impact on the functioning 
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and stability of ecosystems: the cutting down of a tree could exacerbate 
problems of soil erosion and fertility and affect hydrological cycles, as well 
as destroy the natural habitat for many plant and animal populations.
Similarly, the extraction of a coal deposit must invariably involve some 
disruption to the surface area under which it is found. This affects the
soils, the surface water of the area, and the local biomass. 

At the other end of the economic process, the generation of dissipated
waste presents a problem of assimilation for natural ecosystems. Even 
when this waste is non-toxic or biodegradable, ecosystems can be limited 
in 	 their capacity to absorb large quantities. Thus massive run-offs of
slurry - organic effluent from intensive farming of livestock - can cause 
the sealing of soil surfaces, which retards water and oxygen infiltration,
and prevents adequate nutrient cycling. This can lead to nitrogen in the 
soil building up to toxic levels as well as to an increase in the uptake of
toxic trace elements by plants and animals. Consequently, the absorption
of the net material waste generated by the economic process represents an 
additional source of increased disorder in the environment, which 
potentially disrupts ecological functions and stability. In the long run,
such pervasive disruptions can affect overall ecological sustainability.

These examples emphasize a dynamic problem of natural-resource 
scarcitv that manifests itself primarily as a problem of environmental 
degradation and ecological disruption. In essence, this dynamic natural
resource scarcity problem stems from the physical dependency of the 
economic process on its surrounding environment - not just as a source of 
material and energy inputs but also as an assimilator of waste, and the 
provider of e-cological functions crucial to the maintenance of economic 
activity and supportive of amenity values, welfare and life in general. The
 
remainder of this book will focus 
on this alternative view of natural
resource 
scarcity and its potential contribution to our understanding of 
the contemporary problems of economic-environmental interaction. We 
will begin by examining how this view has influenced more conventional 
economic theories of resource depletion and pollution. 

NOTES 

I. Some past writers on natural-resource scarcity have been closer to this contemporary

alternative view. For example, John Ise, "Tle theory of value as applied to natural
 
resources", American Economic Review, Vol. 15 (1925), pp. 284-91; Ise argued that

the depletion of US natural resources is dangerously biased towards present, near
term use, at the expense of future generations. S.V. Ciriacv-Wantrup, Resource 
Conservation;EconormcsandPolicies(University of California Press: Berkeley, 1952),
approached the same problem from a more institutional perspective.

2. 	Harold J. Barnett and Chandler Morse, ScarcityandEconomicGrowth: The Economics 
of NaturalResourceAvailability (Johns Hopkins University Press: Baltimore, 1963), 
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3 
Conventional Theory:
Optimal Rates of Depletion 

As a consequence of the growing concern about the increasing scarcity of
fossil fuel and other raw materials, as .,'ell as the spread of the noneconomic influences described in the previous chapter, conventional
theories of natural-resource scarcity were extended and modified signif
icantly after the early 1960s. In theoretical work, the emphasis has been
laid on the optimal rate of depletion of exhaustible and renewable 
r-sources, with extensions to include monopoly, uncertainty and other
raarket imperfections. The main criticism of such approaches, however,
is that they are limited to a specific class of environmental problems: the
increasing scarcity of economically valuable resource inputs into produc
tion. Nevertheless, they have established an important theoretical
foundation for more ambitious explorations of the economic problem ofenvironmental degradation. This chapter will survey these theories and 
discuss this criticism. 

CONVENTIONAL THEORIES OF NATJRAL-RESOURCE
 
SCARCITY
 

As noted in Chapter One, classical and early neo-classical economists
recognized long ago that the relative scarcity of those natural resources

appropriated as productive inputs 
 is linked to their rate of use, ordepletion: the earth can only supply a finite amount of available energy
and raw material to the economic process. At any given time, society's
ability to exploit these resources is limited, among other things, by itstechnological capabilities and methods of production. On the other hand,
the lack of evidence of any binding natural-resource scarcity constraint onmodern economic growth has reinforced the emerging conventional
economic wisdom that "there seems to be little reason to worry about the
exhaustion of resources which the market already treats as economic
goods".' For those environmental resources used as basic material and energy inputs, market forces should dictate the optimal rate of exploita
tion automatically and effectively.1

There is conventional optimism in the economic system's ability to 
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successfully adapt in the long run to any natural-resouce scarcity
constraint. However, most economists accept that the o'.'er-exploitation of 
one or more limited sources of energy and material inputs could lead to a 
situation of temporary scarcity. So, from a purely analytical perspective,
the unique feature of natural-resource scarcity is that it arises from finite 
stocks being depleted by the economic process.

Theoretical approaches based on this conventional view of natural
resource scarcity tend to concentrate on the optimal rate of dcpletion over 
time of those natural resources used as energy and material inputs by the 
economic process. Tra jitionally, a distinction is made between non
renewable - or exhaustible - resources and renewable resource stocks. In 
addition, the problem of pollution is usually treated as a separate problem
of market failure and so is not incorporated into the analysis of natural
resource scarcity problems (see Chapter 4). 

The general convention is to call "extractive resources renewable or 
non-renewable depending on whether they exhibit economically signifi

' cant rates of regeneration." In th rase of strictly non-renewable 
resources, it may be optimal to deplete the resource completely if the 
availability of future technologies and perfect substitutes mean that 
exploitation of the resource is no longer "essential" for future produc
tion.1 That is, because the future scarcity of the resource has been 
mitigated, the resource is not worth holding on to compared to other 
income-earning assets, and the optimal choice may he to exhaust the 
resource quickly and invest in these other assets. Even in the case of 
renewable resources, such as a forest valued for its timber, exhaustion 
may be optimal if the resource is growing at a slow rate, harvesting costs 
are low and its value appreciates more slowly than the market rate of 
interest. 

EXHAUSTIBLE RESOURCES 

The classic work on the optimal rate of depletion is by Hotelling. He 
demonstrated that, under optimal conditions, the price of an exhaustible 
resource net of extraction costs must be rising at a rate equal to the rate of 
interest on other assets. Eventually, as extraction costs fall and the net 
price (i.e., rent) rises, the market price will increase and the quantity
demanded will start to fall. At the optimal rate of depletion, the resource 
will be exhausted the instant demand falls to zero and production stops 
completely. 

In recent years, Hotelling's analysis has been combined with character
izations of the optimal path onof economic growth based Ramsev's 
approach which determines the pattern of investment in reproducible
capital in accordance with a utilitarian social welfare function.7 This 
approach has generally been used both to analyse the comparable rates of 
return on natural resources compared to that of other assets, and to define 



'. Economics, ,Vaturai-Resource Scarcitv and Development 

the optimal depletion rate of exhaustible resources under various market 
conditions. 

A simple, but very effective, lormulation of the latter problem is 
developed by I)asgupta and Heal, who assume economic production to be 
dependent on the depletion of an exhaustible resource, R, and a
reproducible capital stock (i.e., capital goods), K. Economic production,
Q = F(K, R), that is not used for consumption goods, C, is therefore used 
to reproduce and add to tile capital stock over time .:t a rate equal to dK/
dt. Consumption, (C,is assumed to benefit social :..elfare, U, which the 
planners aim to maximize over time at a discounted rate, r.'The authors 
go on to demonstrate that optimal depletion policy depends crucially on 
whether the resource, R, is essential to the production of the consumption
good, whether technological change permits the development of a 
substitute that makes the resource inessential, whether there is uncer
tainty over the probability of a new resource being discovered, and on the
elasticity of substitution between the resource and the capital good, K. 

ICt)Consumption ir t 

C*I
 

0T Time 

r1> r2 >O 

Figure 3.1: Optimal Depletion of an Exhaustible Resource 

Source. Adapted irom Partha l)asgupta and Gectl re M. Heal, "The optimal depletion oi 
exhaustible resource%". Svmposium on the "conomics of Exhaustible Resources, Review ot 
Economic Studies l1974), Figure 5,p. 22, 
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A typical outcome is illustrated in Figure 3.1, which shows how 
consumption, C, varies over time. If thE exhaustible resource is essential 
to production (that is, the elasticity ofsubtitution between R and K is less 
than one), if the discount rate (r) is positive, and if there is no technological 
breakthrough allowing a subsitute for the resource, then consumption 
will initially peak but then decline towards zero (curve ABD). With a 
positive rate of time preference r, future gerierations lose out. A u." itarian 
society is not concerned with accumulating sufficient capit! in the early 
years to offse: the inevitable use of declining resourcrs later on. With an 
even higher discount rate (r, as opposed to r,), consumption pcaks in the 
present and declines thereafter tcurve EBD'. This dire situation can 
nevertheless be avoided by the introduction of a technological break
through in some future time T. The economy effectively receives a new 
Ic,,se of life, accum,,-.ting capital and increasing consumption again until 
it settles down to the long-term stationary state of C* (curve ABFG). 

The conditions under which technological change and capital-resource 
substitution avert the scarcity constraints impoed on an economy by an 
exhaustible resource have been extensively explored. Using , model 
similar to the above, but with a Rawlsian social welfare function, and 
assuming an elasticity of substitution no less than unity, Solow suggests 
that exhaustible resources are optimally depleted if this augments the 
stock of reproducible capital.' Likewise, using a more specific Cobb-
Douglas aggregate production function, Stiglitz demonstrates that 
technical change and capital accumulation can offset the effects of 
declining inputs gained from the exhaustible resource."' 

In recent years, analysis of the problem has focused on making the 
apprc:ches more robust by explicitly incorporating technological change 
and uncertainty. For example, Kamien and Schwartz extend the basic 
model of Dasgupta and Ieal by allowing for endogenous technical change 
which relaxes any constraint imposed by the exhaustibility of a resource. i 
Such innivation iB -)t without cost but can only occur in current periods 
througl-, the diversion of economic resources from consumption or 
investment to research and development (R & D). As a consequence, the 
model shows that, along with consumption, R & D effort may eventually 
fall toward zero as the essential non-renewable resource is exhausted. If in 
the meantime the new technology is successfully implemented, then the 
economy avoids any con:,traint. Similarly, Dasgupta and Stiglitz analyse 
the uncertainty arising from the unknown at rival date ofa new technology 
that allows perfect substitution for an essential but exhaustible resource. 
The mode! indicates that until the invention occurs, the optmal rate of 
depletion should leave the economy with a positive resource stock.:2 
Finally, Dasgupta and Heal discuss in extensive detail the role of 
uncertainty and irreversibility of decisions with regard to the optinmal 
depletion of a particular grade of exhaustible resource, and concludc that 
recognition of the technological potential for finding substitutes for a 
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depletable resource is not the same thing as certain kncwledge that perfect
substitution is feasible.I' 

Most theoretical approaches to the optimal :epletion rate initiallyassumed competitive market conditions. 14More recent theoretical explorations have concentrated on the problem of the commin exploitation ofan exhaustible resource under conditions of market imperfection." Thebasic assumptions are that with a constant elasticity of demand for theextractable resource, ownership of the resource dominated by a smallnumber of firms, and zero marginal extraction costs, any seepage of theresource (such as oil) across fields would render it non-exclusive. That is,each owner could draw as much oil as costs would allow from the commonpool of the resource. With the exception of Kemp and Long's analysis, thcgeneral conclusion is that such common resource pools will lead to overextraction relative to the socially optimal depletion rate .uggested byHotelling's rule. This result contrasts with the exclusive ownership i.e.,monopoly) case analysed by Stiglitz, which indicates that the extractionrate can be optimal despite a monopoly market structure.', Moreover,Dasgupta and Heal suggest that any departure from this optimal rateunder exclsive osnership rights would tend to favour excess conserva
tion as oppx)sed to over-exploitation.

A second approach to the optimal depletion of exhaustible resourceshas been to examine the empirical evidence in support of Hotelling's rule:that the net-price appreciation of an exhaustible resource should equalincreases in the ratc of return on other assets." The basic approachcompares observed resource-price movements with the optimal pathpredicted by thie heory. In general, the evidence does not overwhelmingly support Hoteiling's rule. For example, in a. arbitrage model thatassumes traders switch funds from resource to cziital markets in response
to expectations about relative rates of return on the two assets, Heal andBarrow indicate that explanations of actual resource-price movements
 
must be more complicated than Itotelling has suggested. These findings
are confirmed by V.K. Smith, who evaluated several studics of resource
price trends. This discrepancy between empirical results and theoretical 
predictions has been explained by models incorporatig riig extractincosts and productmon lags resulting from exploration and resourcedevelopment. '"Thus Frank and Babunovic stress the importance of slowsupply responses to market shocks and technological progress in resource
extraction. The latter conclusion supports the earlier findings of' Barnett
and Morse and the more recent follow-up by Barnett. 

RENEWABLE RESOURCES 

Analysis of the optimal rate of harvesting of renewable natural-resourceinputs into the economic process has had to take into account both the 
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common property problem and the natural growth-rate of resource 
stocks. This has widened the scope of analysis to include characterizations
of the steady-state equilibria for optimally managed resources and the
socially optimal conditions leading t, ,'-tinction. Initial studies conce ned
with the foilal analysis of optimal management of common-property
renewable resources concentrated on the fisheries and forest-harvesting 
problems."'

The basic renewable resource problem can be illustrated by a simple
biological capital model. In the model developed by V.L. Smith, an 
economy produces both an ordinary commodity, q,, and a harvested 
output from a biological resource, q. The growth rate of tie repewable
resource, Q, after harvest is assumed to be dQ/dt = kG(Q) - q,, and the
fixed labour supply, L, is allocated to both production tasks. Thus the
social welfare function, u =uqj) + uIq 2 ), is maximized over time at a
discounted rate r.-" As a result, the optimal rate of exploitation of a
renewable resource equates the marginal value, or price, of a harvested
unit net of its value as living biological capital (i.e., its unharvested value)
with the marginal harvesting cost. If private property rights are well
defined (e.g., domestic animals), 'he value of the living resource is its
going market price. In the case of competitive bidding for a common 
property resource (e.g., for publicly owned forest tracts), the unharvested
value is the competitive bid price. Finally, if there is no such market for
the common-properry resource (e.g., open-access ocean fishery), this 
value must be an implicit price.

As in the case of exhaustible resources, the analysis of optimal
exploitation of renewable resources also encounters problems over 
property rights and uncertainty. For example, it is often believed that the 
common ownership of renewable resources is the major cause of over
exploitation. That is, each user of the commonly owned resource may
maximize his or her share with the possible result of degrading the shares
of others and diminishing the tt...-C potential of the resource for ali
concerned. This may not be the case, however, where users have evolved
highly organized controls over the use of common land, including
sanctions by the community against individual over-e'ploitation. In theabsence of interventions, agreements or traditional management rights, 
users have open access to the resource and therefore no incentive to
control over-exploitation. If rapid technological and economic changes 
are introduced, over-exploitation may worsen and may also lead to 
distributional consequences: 

For marine fisheries with free entry the foregoing problem can arise
via a seemingly convoluted process. In free waters, where historical 
rights to the traditional fishermen are not respected, it can happen
that large firms enter with modem fishing vessels. For the short run
unit harvesting costs are thereby dramatically reduced, thus exacer



68 Economtics, Natural-ResourceScarcitv and Development 
bating the tendency towards overfishing. Meanwhile, the traditiouialfishermen, unable to compete with such equipment, are leftimpoverished for want of anv catch. But in the long run, as aconsequence of continual overfishing, harvest costs increase, despite- one should say, because of - usethe of modem harvestingtecl.',iqucs. Nor can one even necessarily argue that the introduction

of' modern harvesting techniques in the seas is at least partiallyblessed at the altar of intertempci il efficiency; for 	 the marketwage-rental ratio in many less-developed countries is thought ,o be 
too high. 22 

The renewable resource problem is illustrcated in Figure 3.2. Theupside-down, U-shaped curve represents the natural growth rate of theresource G(Q) which is a function of the size of the resource stock (forinstance, a fishery). If the resource stock is either too low, QL, or too high,QM, the growth rate is zero. In contrast, population level Q* leads to amaximum sustainable yield growth rate, as this is the tnaximum harvestlevel (that is, q = G(Q*)) that can be sustained indefinitely without
depleting the populati,..

In Figure 3.2, harvesting of ,ie resource is represented by the upwardsloping curve q, which we will assume to be a properly regulatedcommon-property fishery. Note that at stock level Qp, where the 
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Figure 3.2: Th~e Optimal Depletion of a Renewable Resource 
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harvesting rate just equals the grow:h rate of the resource (e.g., q = 
G(Q,)), the population is at a stationary state level. Given the relationship
between the harvesting rate and the iesu.,rce stock as shown, this 
stationary state must be stable in the long run. For example, if the initial 
resource stock is less than the sationar-y state level (i.e., Q. < Q,), the 
natural growth rate will exceed the harvesting rate. This means that the 
population will grow until it reaches the stationary state level, Q, where 
growth is just offset by harvesting. On the other hand, if Q > Qr
harvesting will exceed natural growth. The population will therefore 
decline until, o01ce again, the stationary state leve! Q, is attained. So no 
matter what the iL:itial resource stocks are, given th, rate of harvesting
represented by curve q, the population will eventually settle down to the 
long-run equilibrium represented by Qp.


Figure 
 3.2 also shows what can happen if the rules governing a 
common-property resource break down so that users have free open 
access. As noted above, when this occurs, users of the resource tend to 
harvest more for a given stock level zs they will now ignore any, user and 
externality costs.2 3Thus curve q, now represents the new harvesting rate. 
The new stationary state level should now be Q, but this is not a!,ays
sustainable in the long run. As the diagram shows, if the resouie is 
initilly greater tha, this le-'e! (i.e., Qo > Q) then harvesting exceeds 
natural growth and the stock will decline to Q,as a long-run equilibrium.

On the other hand, if the initial stock is much lower, i.e. Q. < Q, then
 
harvesting will still exceed natural growth. As a result, the resource will
 
not increase to Q, ;n the long run but instead will decline towards zero.
 
Hence, an open-access resource may be exhausted to extinction if the
 
initial stocks of that resource are too low.
 

It 	should also be noted that if the value of the harvested resource 
increases, or technological change lowers per unit harvesting costs (e.g.,
the use of modern harvesting techniques for open-access fishing as 
quoted above), then users will be able to harvest even more for a given
stock level. In Figure 3.2 this is represented by curve q,', which has 
shifted even further to the left. As a consequence, harvesting always
exceeds the natural growth rate irrespective of the initial stock level, and 
the resource will inevitably be exhausted. 

Intertemporal theories of the eccno nics of renewable resources have 
further .xplored the conditions under which exhaustion is optimal."
Three important concitiorns appear to be: 

i) 	If the social discou ,t rate is high enough, or the regenerative
capacity of the !,H_.rce low enough, then it is economically
nrofita,rc to exhaus: the resource. That is, it is more profitable to 
harvest the resource as quicly as possible an~d invest the proceeds
in other assews whose value will increase much faster. 

ii) Equally, if the harvesting cost is low enough, or the value of a 
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harvested unit is high enough, then it may also be economicallprofitable to exhaust the rsource. For example, the reason wh ,grey squirrels are not an endangered species can be attributed moreto their low value as game than to either rapid growth or the highcost of hunting them.iii) 	 Conditions i) and ii) may huld even if society sees somepreserving the species (i.e., 

va!'ie in
for 	the sake of beauty, existence orbiological diversity). The solution is to exhaust the resource until aminimum stock level is reached below which the population is notallowed to fall. For exrmple, if whale populations are consideredworth saving from extinction, there should be a moratoriumimposed on international whaling once these populations reach acertain minimum threshold. 

As in the case of exhaustible resources, uncertainty is a major problemencountered in the analysis of the optimal exploitation of renewableresources. This has been linked to the overall uncertainty about generalenvironmenta! problems consequent to economic activity as well as to thespecific difficulty of ecological uncertainty, where the natural rate ofgrowth varies at random. " 

SUMM4:? y AND CONCLUSION 

Given the conventional concern that exists about the availability of thosenatural resources extracted and used as direct productive inputs in theeconomic process, and the assumption that the increasing scarcity of theseresources is reflected in rising relative prices, the most commontheoretical approach has been to concentrate on 	 optiaal rates ofdepletion. Analysis of exhaustible resources has 	focused either on theeconomic conditions determining the optimal depiction rate or onrelationship between actual and optimal price movements. The analysis 
the
of
renewable-resource 
 management has had to incorporate additional
features, such as the rate of biological growth and the problems of open
access. Nevertheless, the fundamental economic inquiry of these conveiitional approaches is essentially the same: 
what is the optimal rat,. ofexploitation of a natural resource whose primary value is as a productiveinput into the economic process?


Such an approach 
 has 	been instrumental ;n understanding the keyeconomic conditions governing the optimal management of particularresource stocks. It has also laid the theoretical foundations for fuitherexplorations of more complex economic-environmental interactions including the process of environmental degradation that undermines somany economic systems dependent on natural resources. None the less,by definition, conventional theories in resource economics limit themselves to only one class of environmental problem. Even the problem of 
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optimal pollution discharges, although related, is gener'.llv analysed
separately to external costs and market failure.


If nature as a whole is considered 
to provide a variety of essential
environmental services or functions to humankind, then the definition ofeconomically valuable functions must be broadened to include not onlythe raw material and energy-resource inputs into the economic system butall the other important environmental services as well. The latter willtypically include the function of the environment as the assimilator ofwaste by-products from the economic process and the provider ofessential life-support, ecological and amenity services. Together, these
environmental functions underline physicalthe dependency of theeconomic process and human welfare upon ecological processes and thesufficiency of potentially scarce environmental resources. Proper valuation of the economic consequences of resource degradation cannot be
limited to examining the scarcity of just one of these functions ofenvironmental assets. Instead, what is required is the proper valuation ofeach of these functions and the way they interlink with economic activity,
and the subsequent use of these valuatioius to indicate the trade-offs that 
may emerge from natural-resource degradation.


Such an approach requires 
 a broader, alternative view of naturalresource scarcity than coniventional economic theories allow (see Chapter
5). Before discussing this broader view, it is first necessary to complete thereview of conventional theories by examining important contributions to
the economic analysis of pollution and tiic- preservation of natural
 
environments.
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Conventional Theory: 
Pollution and Natural 
Environments 

On the whole, conventional theories treat the problem of pollution as an 
externality problem separate t ) that of optimal resource use. Theoretical 
considerations of the pollution problem, however, have led to further 
concern about the assimilative capacity of the environment and the 
preservation of natural systems. This chapter will discuss these further 
developments and argue that the next step is to develop a more integrated
approach focusing on the trade-off between resource use and environ
mental degradation. 

POLLUTION AS AN EXTERNALITY 

The term pollution usually refers to the waste by-products, or residuals, 
created by the economic activities of production, its intermediate 
processes, and consumption. Thus by definition, a waste residual or 
pollutant has an important economic interpretation: 

Aresidual is a non-product (material or energy output), the value of 
which is less than the costs ofcollecting, processing, and transporting 
it for use. Thus, the definition is time dependent, that is, it is a 
function of(1) the level of technology in the societ' at a point in time 
and (2) the relative costs of alternative inputs at that point In time. 
For example, manure in the United States isnow a residual, whereas 
thirty or so years ago it was a valuable raw material.: 

As pointed out by Baumol and Oates, the conventional economic 
approech has always been to see "the problem of environmental 
degradation as one iii which economic agents imposed external costs upon
socikt at large in the form of pollution. With no prices to provide :he 
proper incentives for reduction of polluting activities. the inevitable result 
was excessive demands on the assimilative capacity of the environment. 
The obvious s'jlution to the problem was to place an appropriate price, in 
this case a :ax, on polluting activities so as to internalize the soci idcosts."' 
Thus, pollution is an example of a negative externality: that is when the 
actions of one economic agent affect the welfare of another, who is not 
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compensated for the ensuing damages. No compensation takes piacebecause the damages are not automatically reflected in market prices. Themarket price of a polluting activity indicates its private costs but under
estimates the full social costs.

This situation is illustrated in Figure 4.1 with the example of burningcoal for industrial use. Curve S isthe private supply curve of the industry,and curve 1) isthe demand for coal. At price P, the private supply istheretbre equal to the demand, and the industry will sell amount Q of coal.However, the damages inflicted on some people in society from theburning of coal (e.g., air pollution or the effects of acid rain) should beadded to the schedule of private costs (represented by S) to indicate thetrue social cost. This leads to the social supply curve, S'. Thus the sociallydesirable outcome is really Q*, where demand is equal to the schedule ofsocial, not private, costs. Consequently, society is burning too much coalbecause the market price P does not account for the external costs of coalpollution. In Figure 4.1, the shaded area represents the social, or welfare,loss associated with burning too much coal. As noted above,conventional economic solution is 
the 

to adjust market prices until the sociallydesirable output level Q* is attained. In Figure 4.1, this is achieved byimposing a tax on the burning of coal, that would be equal to the marginal 
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Figure 4.1: Optimal Tax on Pollution 
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social damage produced by that activity and would raise the market price 
to P*. 

The economic analysis of externalities has a lone history, datiniz back to
Marshall and Pigou.' In fact, the solution depicted in Figure 4.1. ofcharging polluters an effluent fee equal to (net) marginal social damage, i,
often referred to in the literature as a "Pigouvian tax".

Similarly, most externalities have traditionally been treated as a special
type of "public good" - or in the case of pollution as a "public bad".
Public goods (or bads) are usually characterized by "iointness of supply"(i.e., "undepletability") and by "non-excludabilit,.". For example, the
former implies that consumption of the gcod by one individual does notreduce the consumption by anyone else, whereas the latter indicates that
it is impossible to exclude any potential consumers. Indeed, most forms
of pollution have the characteristic ofbein,: undepletable. For example, ifcoal burning pollutes the air, it affects all who breathe it simultaneously
and not just each individual incrementally. Moreover, a decrease
increase in the number of people breathing the polluted air does not

or 

reduce the level of pollution; one individual's consumption does not affect 
the quality of air breathed by others.s 

Not all forms of pollution are 'ecessarily (undepletable) public bads.
For example, when trash is dumped on someone's property, it clearly
affects only that person and nobody else. This is an example of adepletable externality: by one person receiving all the trash on his or her 
property, the amount received by others isclearly reduced. Nevertheless,
except for some special cases, .he basic policy perscription for both
depletable and pollutionundepletable extrnalities is the same: the 
imposition of a Pigouvian tax.' 

In the conventional analysis of a pollution problem, the determination
of the optimal level of the (Pigouvian) tax to be levied is a crucial issue. As
noted above, and discussed with reference to Figure 4.1, this tax mustultimately be equal to the marginal social damage caused by the effluent
discharge. In calculating this tax, however, it is important to weigh thebenefits of reducing socia.! damage against the additional abatement costs
imposed on the polluters as they attempt to control waste outflows. At 
some level of effluent discharge, it may cost more to abate the pollution
further than it is worth (in terms of the additional gains from reducing
damage). This is therefore the optimal !cvel of pollution, and the tax
should be set to equal marginal social damage at this point.

This theory can be illustrated simply (see Figure 4.2). In Figure 4.2, the curve AB represents marginal abatement costs which increase as the level
of pcllution is reduced. In the case of coal burning as discussed above,
industries are producing OY of uncontrolled pollution. Curve CD 
represents the marginal damage incurredcosts by society for each
pollution level. At OY of effluent discharge, these social damages are
clearly positive, whereas the costs to industry of controlling coal pollution 
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is levelzero. 0Y is therefore not the optimal level of pollution. h'llis 

OX,where the marginal abatement costs just equal the marginal damage 

costs. So in order to maintain this optimal level of pollution, a per unit tax 

must be levied of -X equal to the mtar-inal social costs of pollution at OX. 

Although a higher tax could be imposed to reduce pollution even further. 

,,av to OZ, this is also not optimal, a, at this discharge level the additional 

abatement costs imposed on the industry more than exceed the reduction 
in soci:, damage. 

are 

OPTIMAL POLLUTION CONTROL: CHARGES VERSUS 

STANDARDS
 

Although, in theory, the imposition of (Pigouvian) effluent charges 

appears fairly straightforward, in practice it is neither simple nor cost free. 

Equally, the alternative method of legislating a maximum ceiling on 
to OX in Figure 4.2) is difficult topollution (for example, equal 

implement. In general, the process of monitoring and evaluating effluent 

discharge rates, formulating and legislating various methods of pollution 
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Figure 4.2: Determining the Optimal Pollution Tax 
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control and attempting to estimate the appropriate "market equlbrium" 
to be approximated, isextremely complicated. It is not surprising that a 
mixed bat o' pollution control policies - including environmental 
standards, pollution taxes, dumping licences and chartves, marketable 
permits. abatement subsidies and planning zones - is resorted to. "The mix 
depends on the institutional framework of the economy and the 
circumstances under which pollution occurs. 

Nevertheless, there is a substantial body of economic literature about 
the optimal policies tor pollution control - particularly on the relative 
merits of indirect controls such as Pigouvian charges and subsidies, 
compared to direct controls (suct" as standards). In sonic cases, both 
approaches have been rejected aitoeetter :n favour ofalternative methods 
of reaching socially optimal levels of waste emission. 

One of the classic challenges to the orthodox :a, versus standards 
approach was the so-called "Coase theorem"." Coase argued that, first, 
the direction of a poilution externality dpis on property rights, and 
secondly, where there ;s a small number .f victims -iid an equally small 
number of polluters, voluntary bargaininz between the two parties 
rather than a Pigouvian tax - will lead to the optim-! solution. For 
instance, in the coal-burning case described in Figure 4.2, if the number 
of polluting industries is small and the number of victims suffering from 
emissions is equally small, then negotiations between these two parties 
will be relatively cost tree. Through bargaining, the victims may be 
willing to pay the polluters to reduce the-ir emission levels from OY to OX 
,s.e Figure 1.2). As the number of generators and victims are small, 
introducing a l1'gouvian t,.X may be unfeasible and even distorting." 

Coasian bargaining clearly only works when the numbers of victims 
and polluters Lre small. .\s these numbers increase, bargaining is no 
longer cost free, and both individual and group interests icrid to diverge. 
Moreover, when the numbers are small, there may be circumstances 
when Coasian bargaining breaks down or when certain forms o-tratcgic 
behaviour emerge which make Pigouvian taxes optimal. FinallY, if only 
one firm is buming . ,al, then it essentially has "monopoly power" in the 
bargaining over pollution reduction. Consequently, it is likely to bargain 
foi a higher price :rom Cie victims for less of a reduct!on inmiissions. On 
the other hand, if the firm monopolizes the product market, it may have 
already restricted output, such as below Q* in Figure 4. 1 in order to 
maxmmiwe profits. Therefore, the firm wou!d actually be producing a sub
optimal ic'v.l of output and thus pollution. To reach the optimal level, the 
monopolist has to be compensated, but it is unreasonable to expect the 
Victims to agree tv this as they would be incurring the ensuing damage. 

As the most frequent and serious pollution problems involve large 
numbers of vctims and/or polluters, the major focus has been on the 
rclative merits of charges compared to standards. 

Although a system of standards is easier to administer, there is no 
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guarantee that these will yield the socially optimal level of pollu:ion (i.e.,
OX in Figure ,.2). These are usually selected on the basis of environmen
tal impact with no consideration given to abatement costs. Moreover, the 
cost-minimizing polluter has little incentive to use new abatement 
technologies to reduce effluents but will instead tend to discharge at the 
maximum perm!ssible levels. In contrast, with emission fees, there is an 
incentive to use new rechnologies to reduce the level of effluenis in order 
to minimize the charges.I' 

One major drawback in imposing a Pigouv'in tax, or charge, on 
polluters is that thti must te equal to the marginal social damage of 
pollution. E-stimatin. the latter is extremely difficult, given the need to 
know the environmental impacts of the pollutants, their damage in terms 
of health, aesthetic, amenitv and other costs, and their monetary value. In 
addition, the optiral tax is not equal to the marginal damage at the initial 
level of pollution generation e.g., OY in Figure 4.2) but rather to the 
damage that would be caused if pollution were adjusted to its optimal level 
(e.g., OX. As argued by Baumol and Oates, "if there is little hope of 
estimating the damage ihat iscurrently generated, how much less likely it 
is that we can evaluae the damage that would occur in 'in optimal world 
that we have never experienced or even describ:'d in quantitative 
terms".'' Whereas the calculation of a Pigouvian tax only requires
knowledge of marginal social damage and allows the polluters to adiust 
t.ir private abatement costs accordingly, this does not always imply that 

a sysem of charges i, superior to direct regulatory controls. Charg-s are 
only unequivocally preferable where the pollution contro! agency is able 
to identify polluter 2roups among which there are differences in 
environmental impact arid within which there are significant variations in 
abatement costs. Obtaining this information and establishing differential 
charges is. once azain, a costly approach.>: 

Establishing cifluent charges is also difficult for reciprocal and non
separabkc polluuon externalities. The example of coal burning discussed 
so far is a untdzrectionalexternality; that is, the industry is imposing the 
costs of coal pollation on the rest of societv and not the other way around. 
On the other hand, if a pol ti ,,xternalltv ,. reciprocal, party A anti 
party B mutually im ose an cxti iialitv on each other. For example, coal 
burning by one industry may increase corrosion in the installations of 
another type of industry, while at the same tine the chemical waste 
discharged by the latter may affect the quality of water used in the coal 
burning industry. Such a reciprocal rollution externality is also non
separable. in that each industr's cost function isdependent on the other's. 
A svs-in of optimal pollution charges ha', theref:.'' to dea! with the 
additonal obstacle of determining these cost i-,erJependencies. I 

Given the tremendous uncertainty surraiundin. the lesign of optimal
pollution control policies, more recent hcoetical explorations -f such 
policies have explicitlv tried to incorporate the problem posed by 
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uncertainty. For example, given uncertainty over abatement costs, the 

general conclusion is that neither a linear tax schedule t i.e., a marginal tax 

rate that does not vary with the quantay of emissions discharged) nor a 

pollution quota ,i.e., a maximum level of permissible discharge) is 

optimal. Instead, ti:e best policy is to use tax rates that vary with the 

quantir, of pollutants discharged. One way in which this can be 

appreximated is through a svstem of marketable i.e., transferable) 

emission permits, where the pollution control authority determines 'he 

aggregate quantity of emissions and then issues a limited number of 

p,.ermits corresponding to shares in this aggregate emission level. The 

authority then allows polluters to trade freely for these permits in an open 

market. Not only will the market price for these permits reflect the true 

social costs of pollution, and eventually cause marginal abatenent costs to 

be equalized among competitive polluters, but it also means that the 

emission fee will now most likelh vary with the quantity of emissions 

discharged by each polluter. Nevertheless, )ust as there are a range of 

special circumstances in which uncirtainty dictates that administrative 

;zandards are preferable to an effluent charge, there are also circum

stances wher, uncertainty over costs favour charges over marketable 

permits. 
In the conventional approach to the pollution problem, which is to treat 

it as a special example of market failure, there is a distinct predilection for 

the use of (Pigouvian) ta, to correct the price mechanism. In practice, 

however, economiszs are more resigned to the difficult of implementing 

such an ideal solution and instead accept a more mixed r 'cv (4 

standards, charges, zoing, dumping fees, marketable permits. abatement 
subsidies, and so on. T-hese seem more :casible given the constraints that 

exist on information and administration. One such frequently advocated 

xeCL approach involves the selection ofJesired environmental standards 

for the control of pollution levels but then uses a combination of specific 

charges, marketable permits and even moral persuasion to achieve them. 

This is in -)reference to any atermpt to base them on the unknown, and 

difficult to estimate, value of marp ial social damage.' Both the standards 

and the variou3 systems of charg.s could be adjusted as more information 

on pollution and individuals' prefeiences becomes available. 

THE PRESERVATION OF NATURAL ENVIRONMENTS 
OVER TIME 

In recent years, conventional economic theory has stretched its horizons 

in order to consider another particular problem of the putolic good - the 
preservation of natural environments. As with pollution, uncertainty is an 
important aspect of this problem, although in the case of environmental 
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preservation, uncertainty is a special feature ufthe decision whether or not 
to develop a given natural area. 

There have generally been two approaches to the problem ofenvironmental preservation. Some studies have emphasized the environ
mental costs of irreversible economic activity, such as "the transformation
and loss of whole environments as would result, for example, from clearcutting a redwood forest, or developing a hydroelectric project in theGrand Canyon."16 Others have stressed the essential utility-yielding roleof natural ecosystems and their environmental functions.' 1 The generalconclusion deduced from both approaches is that "too few resources arelikely to be devoted to the preservation of non-producible environmental 
assets that provide amenity services". This is the result of two factors: 

i) There are few adequate substitutes for rare natural environments.
While the value of these areas appreciates with increased demand,
their fixed (and in some cases, diminishing) supply precludes anincrease in their availability. Thus the economic value of natural 
areas 's expected to increase over time.

ii) There is often asymmetry between alternative uses of scarce naturalwonders. A natural resource can either be preserved in its current 
state or developed. The development decision is irreversible,
whereas if the resource is preserved in its natural state, both
preservation and developmcnt remain open as options. Irreversible
conversion entails an opportunity cost - the loss of the value ofretaining an option to consume the services of the gift of nature
under conditions of uncertain future demand for its services.' 8 

As noted in Chapter 1, John Stuart Mill is usually credited as the firsteconomist who considered the need to preserve natural environments as an economic problem. In more recent times, however, analysis of thisproblem has clearly moved beyond Mill's concern with the scarcity ofnatural beauty and solitude. Nevertheless, as modem approaches makeclear, the basic supposition underlying Mill's concern still holds namelythat as long as development of a natural environment is irreversible, someaccount must be taken of the behaviour of future costs and benefits. Infact, under certain conditions it may even be worthwhile to have too littledevelopment in the present to avoid future and greater losses from toomuch development. These conditions include assuming that: 
i) the natural environment that is to be irreversibly developed

unique; i.e., that technology can do little to replicate its ecological,
is 

physical and geographical characteristics;
ii) the amer.itv services of this environment enter directly into the utility

functions of consumers with no intervening production technology;iii) perfect substitution (in consumption) between this and other 
environments is not possible; and 
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iv) 	 that technical change is asvmmqtric; that is, it results in expanded
capacity to produce ordinary goods and services, but not natural 
environments. '9 

As long as these conditions hold, unique natural environments and the 
services they yield are likely to appreciate in value relative to the ordinary
goods and services produced by the irreversible development of these 
environments. Moreover, because the natural services provided by these 
common property resources do not exchange on organized markets, the 
option value of preservation is not accurately taken into account when the 
resources are exploited economically. So although natural environments 
and their essential services may be growing increasingly scarce, allocative 
choices based on market criteria are biased towards appropriating these 
resources for development. Only the costs of preservation - the 
opportunity cost of foregoing the development option - are seen as being
"real". 

Such a bias obscures the fact that the irreversible conversion of natural 
areas in fixed supply may have a high opportunity cost by foreclosing the 
future option ofderiving environmental services from these areas. "When 
a tract of wildland is being considered for a use that irreversibly changes
the landscape or ecology, the values which are lost by foreclosing future 
options must be taken into account." 2 0 These option values may take the 
form of the loss of future genetic material of scientific, education or 
cultural significance, the loss of future recreational values, and even the 
loss of important ecological functions. Thus, option values arise out of the 
uncertainty of irreversible change. Moreover, they may exist "not only 
among persons currently or prospectively in the market, but among
others who place a value on the mere existence of biological diversity and 
natural landscape variety." 2' 

Economic approaches to the conservation of biological diversity are in 
some respects an extension of the environmental preservation approach.
For example, it has long been recognized that reducing biological
diversity results in uncertain, irreversible effects. This led Ciriacy-
Wantrup, more than thirty years ago, to argue that as a result of
irreversible extinction of a species, future societies may discover that they
have foregone significant benefits. If there were close substitutes for the 
goods and services of the threatened species, and if there was a 
technological bias favouring these substitute goods, then the costs of 
preserving a minimum viable population of the species and its required
supporting habitat would be small.22 

Although the value placed on biological diversity reflects the full range
of option, quasi-option and existence values for moral, ecological or 
aesthetic reasons,2" the primary economic argument invoked in favour of 
preserving species has been their potential use directly or indirectly in 
obtaining improved agricultural, medical, or manufactured goods. As 

http:small.22
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pointed out by Brown and Goldstein, the minimum information required
for determining whether or not to preserve a species is "to know the 
probabilities of discovering improved products and how these probabil
ities are changed by deleting particular species embodying a particular
genetic mosaic". 2-1It is doubtful whether sufficient knowledge can ever be
attained to estimate these probabilities. Moreover, there are likely to be 
cases where previously economically insignificant species are discovered 
to have great value, or where completely unknown species are destroyed.
The process of valuation becomes even more complex when considering
the ecological feedbacks associated with the extinction of a species, let 
alone the destruction of entire habitats. 

Faced with uncertainty, irreversible effects and imperfect Knowledge,
the problem of conserving biological diversity often brings us back to the 
problem of preserving natural environments - in this case the optimal
maintenance of wildlife habitats. The issue is a particularly difficult one
in developing countries where, on the one hand, most of the world's 
species are to be found and, on the other, the most rapid rate of land 
conversion  and therefore of habitat destruction - is occurring. Given
that land conversion in these countries is .perceived as part of long-term
agricultural and other economic development efforts, the costs of 
maintaining biological diversity - the direct cost of maintaining wildlife 
reserves and the opportunity cost of the next best use for reserve land -
may not be considered small.2" At the same time, developing countries 
often face various social and administrative lags in implementing
conservation policies. These include "a perception lag, a lag in convincing
individuals of the need of collective action, a lag in devising alternative 
possible policies and a delay in selecting a policy from amongst tne
alternatives and obtaining its social acceptance." 26 As a consequence,
neither the economic incentives discouraging local populations from 
conversion of, or intrusion into, wildlife reserves, nor the appropriate
policing methods, are adequate.

Many observers remain hopeful that some of these problems can be
 
overcome by further aid from multilateral and bilateral donor agencies,

specifically for the conservation of biological diversity and even as direct
 
compensation for creating reserves, such as the so-called "debt-nature"

2 7 swaps. 

SUMMARY AND CONCLUSION 

This chapter has examined conventional approaches to the problems of
pollution and the preservation of natural environments. The former is
usually considered an externality problem whereby the social damage, or 
costs, of pollution are not reflected in private-market decisions governing
the allocation of the activity generating the pollutant. Similarly, the 
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decision as to whether or not to develop a unique natural area, to convert 
a wildlife habitat, or to drive a species to extinction may arise from 
uncertainty over the values of the various options, and ovcr the impacts of 
such irreversible effects. Recent approaches to these problems are 
pushing environmental and resource economists into considering the 
proper valuation of environmental functions other than simply. consider
ing them as sources of material and energy inputs for the economic 
process.
 

Such approaches have also indicated the difficulty in assessing the 
values of these more obscure environmental functions and values, 
particularly as they are not revealed through market choices. In addition, 
individuals may have varying perceptions of how changes in the state of 
the environment may affect their welfare. For example, some individuals 
may feel strongly about any appreciable deterioration ;n a landscape of 
natural beauty, whereas others may be more indifferent. In the absence of 
markets for these non-marketed, common-property environmental 
resources and functions, assessment of their value has involved the 
application of certain techniques to determine individuals' willingness to 
pay. These include cost-benefit analysis and direct assessment through 
surveys. Unfortunately, both methods are limited bv the same problem 
that prevents in situ environmental resources and the services they yield 
from having a distinct market-price in the first place. 

The essential feature ofcost-benefit analysis is that the concept of price
is extended to shadow price which incorporates the valuation of non
marketed resources and services, or the discrepancies between social and 
private costs. However, the difficu',v of applying such an approach to 
environmental problems is that "the level of the shadow price of 
environmental functions is largely indeterminate because insufficient 
information is available on the preferences for environmental func
tions".28 For instance, in order to determine the social costs and benefits 
of a decision to dev-lop a previously undeveloped wilderness area, it is 
necessary to know both the preferences of present generations and those 
of future generations who may be affected by Lhe loss of a wilderness area 
but who may not necessarily benefit from its current economic exploita
tion. As discussed above, this problem is compounded by the fact that 
enironmental destruction is often irreversible, and knowledge about the 
exteilt and degrec ef loss in environmental functions isoften incomplete.'( 

A related teclnique is obtaining information about subjective preferen
ces and individuals' willingness to pay directly through surveying 
methods. In this way, monetary measures of the value of non-marketed 
environmtntal resources and functions can be etimated.30 As well as 
sharing many of the problems that limit the estimates of the shadow price
of these resources and functions, the survey method involves additional 
complications. 

For example, "if an individual is asked a hypothetical question about 

http:etimated.30
http:tions".28
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his willingness to pay for the public good, he does not have to act on his 
response or live with its consequences. He incurs no actual utility loss for 
an inaccurate response. There is no incentive to be correct.""1 Secondly,
there is a potential free-rider problem, where "persons questioned may
state low amounts on the assumption that others will 'bid' sufficiently
high to restore the environmental function." Similarly, "respondents may
feel that individuals may not be asked to make a contribution for the 
environment for in their opinion this is a task for the government orbecause the polluter should pay. " 2 Thirdly, in response to willingness
to-pay surveys, individuals may express one value for use of an 
environmental resource or amenity service when considering the cost or 
allocative implications for himself or herself, and express adifferent value
when considering the implications for society as a whole. 11Finally, "since 
the consequences of the disturbances of ecosystems are difficult to 
gauge", non-specialist individuals "have inadequate insight into the 
importance of the environmental functions", the surveying methrJ is"pointless except in special cases (eg., noise, nuisance and stench) in 
which the loss of function is suffered directly by individuals". 4 

The inability to assess fully the social damage of pollution or option 
price of a natural environment is not an indictment of conventional 
economic approaches to environmental problems. A more serious 
concern is whether these approaches are sufficient to dea! with the 
problems of environmental degradation that undermine the sustainability
of ecological processes and therefore of entire economic-environmental 
systems. 

Even if the external environmental costs imposed by resource depletion 
are estimated, as Pearce has argued, "there is nothing in the conventional 
concept of an external cost to account for the decay ofeculogical processes
themselves". As a result, "in the absence of perfect information and both
 
perfect and 
 instantaneous response to ecological disequilibrium, the 
system :an be unsustainable."'" Accounting for the decay of, say, the 
waste assimilative capacity of the environment, is theoretically not 
difficult to do  as the models developed by Forster indicate." Very little
has been done, however, to extend this approach either methodologically 
or analyticallh so as to consider the sustainability of entire economic
environmental systems under the threat of environmental degradation.

Part of the problem has been the failure to consider adequately the 
productive function of environment in contrast to its role in providing 
consumer utility. As discussed in Chapter 2, the sustainability of entire 
resovorce-based systems, such as agro-ecosystems, may be totally depend
ent upon ecological processes and functions. Yet the ofmajority
conventional approaches focus on the direct amenity and aesthetic value 
of natural environments for individuals, or only discuss the potential
productive worth in terms of genetic material, rather than their ecological
importance in terms of maintaining ecological processes and functions 



87 ConventionalTheory: Pollution and NaturalEnvironments 

essential to economic activity. It is this latter aspect that mav be of 
particular importance to resource and environmental problems in the 
Third World, where so much economic activity is still directly dependent 
on the resource base. 

These limitations suggest the need to consider together the role of 
environment as a provider of materials/energy, an assimilator of waste, 
and as a provider of essential consumptive and productive services. 
Integrating these two aspects - the physical dependence of the economic 
process on the environment and the environmental costs of economic 
activity - would be an essential feature of a model of economic-environ
mental interaction involving all the potential functions of the environ
ment. Again, theoretically the task is not too difficult. For example, 
Krautkraemer has broadened the conventional approach to optimal 
resource depletion to incorporate the conditions that allow the preserva
tion of natural environments containing resources used as productive 
inputs. 7 In this way, the analysis takes into account the competing uses of 
natural resources as potential productive inputs and as providers of 
essential environmental services, and indicates that the real value of 
natural services depends on the level of consumption over time. 

The analysis of optimal choice over time among consumption, 
accumulation and environmental quality has been the focus of a number 
of studies."8 

Over all, there has been little development of a comprehensive 
approach examining the trade-offs of environmental functions and the 
implications for the sustainability of economic-environmental systems of 
environmental degradation. The next chapter describes the basic nature 
of such an approach. 
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5 
An Alternative View of 
Natural-Resource Scarcity 

The previous chapters have examined the historical background tomodern economic theories of natural-resource scarcity, have noted the 
most significant non-economic influences theseon theories in recenttimes, and have summarized conventional economic approaches toproblems of resource depletion, pollution and environmental preserva
tion. As noted in the Introduction, however, increasing attention has beencalled to a new class of environmental problems that require a different
kind of theoretical approach from that used to deal with the moreconventional problems. In general, this new class of problems ischaracterized by a process of cumulative environmental degradation
resulting from economic activity that may lead to severe ecological
disruption and the collapse of human livelihoods. The problem of
natural-resource scarcity is therefore one of trade-offs - controllingenvironmental degradation in the long run versus increasing economic
activity in the short run. Thus a new, or alternative, theoretical approach
is required in order to analyse the phenomenon of this special type ofnatural-resource scarcity; to allow explicit consideration of the irreversi
ble qualitiative change typified by environmental degradation- to incor
porate the economic impacts of ecological disturbances; to examine thetrade-offs L!mong all the functions of the environment; and to consider the 
intertemporal implications of these trade-offs. 

It must be stressed that this alternative approach is hardly areplacement for conventional environmental and -esource economic

theory. Rather, the alternative approach should bc 
seen as a necessary
extension of environmental and resource economics into the explicit
analysis of environmental degradation and the economic consequences ofecological disruption. Thus conventional approaches to resource deple
tion, pollution and environmental preservation serve as the point of 
departure for the analysis required.

The so-called alternative and convc.itional approaches differ in oneimportant respect. With the emphasis on irreversible environmental
degradation and the possibility of ecological collapse, an alternative
approach resurrects the notion of absolute natural-resource scarcity,which seemed to have been so successfully buried by the classical and 
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early neo-classical theorists. As emphasized in Chapter 1, however, the 
distiuctions between the contemporary conventional and alternative 
approaches are not merely a replay of the absolute versus relative natural
scarcity viws of the early economists. Instead, the non-economic 
influences of conservationism, ecology and thermodynamics on the 
contemporary alternative view have evolved a notion of absolute scarcity 
more in line with the environmental problems of the late twentieth 
century. Not surprisingly, such problems (involving wide-scale environ
mental degradation and the transformation of natural environments 
leading to ecological collapse) are less evident in advanced industrialized 
countries, whereas they are increasingly a major phenomenon of scarcity 
in the developing world. If the conclusion of an alternative theory of 
natural-resource scarcity is the need for more environmentally sustain
able development, it is a message that now has global significance.

The preceding discussion seems to imply that a coherent alternative 
theory of natural-resource scarcity already exists. In fact, it is only just
emerging. Although there is now a growing body of work analysing the 
physical dependence of the economic process on ecological relationships 
and the environmental costs of economic activity, these two aspects have 
not so far been well-integrated into a comprehensive model of economic
environmental interaction. This chapter will begin such an effort by first 
summarizing one interpretation of what an alternative economic view of 
natulral-resource scarcity implies, and then by capturing the essence of 
this view in a simple model of economic-environmental interaction. To 
complete the theoretical discussion, this chapter will also suggest the 
implications of such an approach for environmentally sustainable eco
nomic development. It will be left to subsequent chapters to discuss 
specific examples - at the global, regional and national level - that 
illustrate such unique scarcity effects. 

AN ALTERNATIVE VIEW OF NATURAL-RESOURCE 
SCARCITY 

As discussed in the previous two chapters, the major weakness of 
conventional theoretical approaches to environmental problems actually 
lies in their strength. By analysing separately each type of environmental 
problem - e.g., resource depletion, optimal pollution and environmental 
preservation - conventional approaches have contributed significantly to 
our understanding of the economic implications of each of these discrete 
sets of problems. Yet such approaches tell us very little about the over all 
economic significance of physical dependency on an entire environment 
that is inevitably being used for more than one function; or about the 
economic consequences of various trade-offs among these functions; or 
what might be the economic implications of the loss ofsome or all of these 
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functions as the cnvironment deteriorates. 
The analysis of such "global" problems of economic-environmental 

interaction requires stepping back from the conventional approach of 
analysing discrete environmental and resource problems, and instead 
treating such problems together as part ofa wiL'-r problem of cumulative 
environmental degradation in an integrated 'conornic-envi ronmental 
system. There is an analogv here with the relationship between micro
economics (the study of firms and consumers in individual markets) and 
macro-economics (the study of how overall output, employment and 
prices arise in the entire economic system, across all markets. and how 
they are influenced by government policies). Similarly, conventional 
analysis of a specific problem of resource depletion, optimal pollution 
control, environmental preservation and so on deals with a "micro" aspect 
ofeconomic-environmental interactions, whereas an alternative view that 
focuses on the process of environmental degradation that may be 
potentially destabilizing to an entire economic-environmental system can 
be considered a more "macro" approach. Both approaches are comple
mentary, require the same analvtical tools of economics and together 
provide a comprehensive picture of economic interactions with the 
environment.' Whatever the size of the economic-environmental system 
- whether it exists on the local, regional, national, international or global 
level - the more macro perspective of the alternative view is appropriate 
for analysing the economic consequences of environmental degradation 
for the entire svstem.2 

The key to this alternative economic view is therefore an extremely
 
comprehensive conception of the natural-resource problem. In turn, this
 
conception stems from a rather genc:-al definition of natural resources that
 
emphasizes the entire spectrum of utility-yielding functions of the
 
environment. This definition is best summarized by Krutilla and Smith: 

Natural resources are all the original endowments of the earth and, 
thus, in a general sense must be considered to be all of the resources 
comprising the life support system. Past theoretical and empirical 
studies have considered only industrial raw materials using arguably 
challengeable assumptions and, in so doing, implicitly ignored the 
services of environmental common property resources that are used 
in economic activity. This use may take the form of serving as 
receptacles for the residuals from production or consumption 
activities or in providing hospitable environments for living orga
nisms. In many cases, economic activites will usurp one or more of 
these services that are available without market exchanges.' 

This definition stresses that the natural environment is inherently 
muhi-functional - it provides numerous economic functions, or "ser
vices", for humankind. Some of these functions require the extraction and 
conversion of natural resources (e.g., the productive services of raw 
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material and energy inputs), whereas other beneficial services are 
optimally provided when the environment and its resources are left 
relatively undisturbed (e.g., life-support and amenity services). Thus the 
environment is analogous to a store of natural capital that yields streams 
of multi-purpose services that are essential to economic activity and 
human welfare. As a result, in any given economic-environmental 
system, these essential environmental functions are competing economic 
uses of finite - and thus scarce - environmental assets. 

In general, one can distingiish among three important economic 
functions performed by scarce environmental assets: first, the environ
ment provides useful material and Unergy inputs for the economic 
process; secondly, it assimilates the waste by-products generated by this 
process; and thirdly, the environment provides a stream of natural 
services that are essential for supporting economic production and human 
welfare.4 The latter range from recreational, health, cultural, educational, 
scientific and aesthetic services to the maintenance of essential climatic 
and ecological cycles and functions.s It is worth elaborating briefly on 
each of these: 

1. The environment provides resources that become the materiol and energy 
inputs into the economic process. As noted in Chapter 3, only this function 
of the environment is conventionally considered relevant to the pheno
menon of natural-resource scarcity. Conventionally defined, this function 
includes providing economically valuable non-renewable resource stocks 
(such as fossil fuels and mineral resources), renewable resources (such as 
commercial forests, fisheries and water supply systems), and semi
renewables (such as soils). In a market economy, one would expect that 
the extracted resources and privately-owned resource stocks would 
exchange through markets and that there would be a price for their 
productive services. 

2. The environment assimilates the emitted wastes of the economic process. 
Over time, the processes of energy and material extraction and conver
sion, production and consumption associated with economic activity 
must generate waste residuals. These by-products, such as particulate 
matter, inorganic and organic waste, waste heat and junk, must be 
absorbed by the environment through its biological chains and material 
cyclc.. As noted in Chapter 4, conventional approaches to pollution 
problems tend to focus on the social costs of pollution as an externality and 
the optimal level of pollution control. They do not generally consider the 
decay of ecological processes themselves as the assimilative capacity of 
natural environments becomes overloaded. M .,cover, this assimilative 

function of many common-property land, air and water resources usually 
occurs outside of market exchange relationships, despite the fact that the 
limited carrying capacity of these resources would indicate that such a 
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function is potentially relatively scarce.' 

3. The environment provides a /7ozw of "natural", or "environmental",
services to individualsand production systems. Unlike the first two roles,which involve the direct physical interchange of materials and energybetween the environment and the economic process, this function relies on the preservation of the environment and the maintenance of in situnatural resources and stable ecological relationships. As noted above, itinvolves a wide range of services, some of which directly benefitindividuals' welfare ie.g., recreational benefits, health and life-supportamenities) and others that support the production and generai teconomicactivit, (e.g., ecological and climatic maintenance, materi:1 s cycling aridenergy flow, preservation of genetic diversity, scientific and educationalbenefits). These are all mainly non-marketable services; that is, althoughthey have important welfare implications these services are largely

provided by common-propert. iesources directly to individuals oreconomic processes and so lie outside the market mechanism. Moreover,as in the case of the environment's waste-absorbing role, this function isreally the product of many interlinking ecosystems and natural resources.Consequently, it is crucially dependent on the overall state of environmen
tal quality. 

Together, these three economic functions of the environment underline the physical dependency of the economic process and human welfare on ecological processes and on the sufficiency of potentially scarceenvironmental resources. The fundamentai scarcity problem, therefore, isthat as the environment is increasingly being exploited for one set of uses(e.g., to provide sources of raw material and energy, and to assimilateadditional waste), the quality of the environment may deteriorate. The consequence is an increasing relativescarcity of essential natural servicesand ecological functions. This is the short-run natural-resourcescarcityproblem as identified by the alternative view. It arises because of the"nvironmental degradation inflicted by economic activity in the economicenvironmental system. An environment that is providing resources asmaterial and energy in excess of their regeneration and is continuouslyabsorbing waste in excess of assimilative capacity must be experiencingsome ecological damage and deterioration. This increase in environmental
st-ess, or disorder, must ultimately affect the provision of natural services.For example, clear-cutting a tropical forest for timber means the loss of awilderness preserve; of a climax ecosystem; of the maintenance ofhydrological and materials cycles; and of a sture of genetic information.
Similarly, the pollution of a river system not only damages othereconomic activities such as fishing, but may disrupt aquatic andsurrounding ecosystems, endanger the health of living organisms (includ
ing humans) and destroy natural beauty. 
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Although the loss of these essential natural services as a result of 
environmental degradation is not directly reflected in market outcomes, it 
nevertheless has a major effect in the form of economic scarcity. In other 
words, if "the environment is regarded as a scarce resource", then the 
"deterioration of the environment is also an economic problem."
Unfortunately, if "we cannot rely on procedures based on the attributes 
of existing markets to furnish information on marginal costs and valuation 
of alternative use profiles through time because there are direct physical
interdependencies of economic activities and natural systems whici. 're 
not reflected in market outcomes", then markets cannot be relied on alone 
to allocate scarce environmental resources efficiently among its three 
competing economic functions.' This means that resource-dependent 
economic growth will tend to bias natural-resource allocation towards 
meeting the physical needs of the expanding economic process - in terms 
of the provision of raw materials and the assimilation of waste. This would 
be to the detriment of the provision of environmental services, unless 
economic policy explicitly corrects this allocation process by taking into 
account the growing relative scarcity of these natuial services." 

In the long run, if pervasive environmental degradation continues 
unchecked, it may permanently disrupt ecological stability and resilience 
,and thus lead to an absolte scarcity constraint on the sustainability of 
economic activity and growth." This is the long-term scarcity effect 
suggested by the alternative view. In the 1960s and 19 10s. initial concern 
with global resource problems led some analysts to argue that this 
constraint may be the eventual depletion of certain economically valuable 
raw material and energy inputs, such as fossil fuels and mineral 
resources. More rerentlv, it has been maintained that long 1elbre such 
resources are completely exhausted, the cumulative ecological impact of 
economic activity on, rhe biosphere may feed back to destabilize the 
economic process and disrupt human welfare. This perspective is 
emphasized by Daly: 

The whole biosphere has evolved as a complex system around the 
fixed point of agiven solar flux. Modern man is the only species that 
has broken the solar income budget. The fact that man has 
supplemented his fixed solar income by rapidly consuming terres
trial capital has thrown him out of balance with the rest of the 
biosphere.... There are limits as to how much disorder can be 
produced in the rest of the biosphere and still allow it to function well 
enough to continue supporting the human subsystem.... The 
difficulty is twofold. First we will eventually run out of accessible 
terrestrial sources. Second, even if we never run out we would still 
face problems of ecological breakdown caused by a growing 
throughput of matter-energy. 12 

This is clearly a very pessimistic perspective and one that contrasts 
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sharply with the more optimistic conventional view of natural-resource 
scarcity, which assumes that the economic system will automatically
adjust to counteract resource scarcity through technological innovation,
conservation and resource substitution (see Chapter 3). In contrast, thisalternative view is less optimistic as it assumes that an absolute ecological
scarcity constraint cannot be automatically alleviated by self-correcting
adaptive innovations within the economic system.

As noted above, the resulting deterioration in environmental qualityleading up to such an "ecological breakdown" represents disruptions tonon-marketable common-properrv resources and ecosystems; hence,
there are no accurate price signals for conveying the costs. Furthermore, 
severe ecological disruptions imposed by environmental degradation
not likely to resemble the "normal" 

are 
Ricardian scarcity effect of wellbehaved, gradually decreasing environmental quality but rather take the

form of sudden, often discontinuous and less predictable threshold 
effects. 

On the other hand, analogies with the laws of thermodynamics havebeen used by some analysts to describe the process of resource depletionand waste generation by the economic system as an irreversible and
irrevocable "entropic" process of material and energy "throughput" (see
Chapter 2). As no amount of technological change can allow the economic 
process to recycle material waste completely or to recycle energy at all,technological innovation preventcannot the economic process fromrequiring additional environmental resources as material and energy
inputs or from converting them into waste. The best it can do "is toprevent any unnecessary deterioration of the environment". I

Is it therefore inevitable that the "entropic" nature of an economic-en
vironmental system must inevitably lead to its own ecological collapse?Perhaps more important, is the present pattern of man's exploitation of
the biosphere so precariously unstable that global "ecological breakdown" is the ultimate conclusion? This interpretation of the alternative
view of natural-resource scarcitv - which can be called the strong
hypothesis - may indeed turn out to be the most important economicquestion raised in recent years. However, it may be empirically unverif
iable unless of course, unfortunately for the human race, such a day of
reckoning actually does dawn! Perhaps less important in terms of our
ultimate fate but more 
 immediately verifiable, is the weak hypothesis
suggested by the alternative view. That is, the assumption of a potentialabsolute ecological constraint means that in any economic-environmental 
system where cumulative resource depletion and waste generation leads 
to unchecked environmental degradation, severe ecological disruptionand the collapse of human livelihoods might ensue. It is this weak
hypothesis that we will be concerned with from now on.

This hypothesis may be particularly relevant to the developing regions
of the world, where large segments of the population depend directly on 
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resource-based economic activities in forestry, fishing, agriculture, and 
hunting and gathering. In some cases in these regions, cumulative 
resource degradation through economic over-exploitation can lead to the 
collapse of economic-environmental systems. As we shall see in Chapter 
6, the Amazonian region, which is suffering continuous tropical defores
tation, may be subject to local and inter-regional ecological disturbances 
that radically alter rainfall patterns, climate and species diversity. The 
result may be a catastrophic decline in the ability the forest area and 
neighbouring regions to support dependent econom,. svstems and human 
populations. Similarly, extensive agricultural production on marginallands in semi-arid and arid zones can lead to accelerating problems of soil 

erosion and long-term desertification., IUsing the case of the uplands of 
Java, Chapter 8 will highlight the need for substantial changes in 
agricultural systems, in economic incentives, and in the pattern of 
investment required to ensure the long-run sustainabilitv of agricultural 
production under fragile drvland ecological conditions. 

In advanced industrialized economics, largely located in the more 
favourable ecological conditions provided by temperate zones, there may 
appear to be less risk of such an absolute ecological constraint on economic 
activity. However, this may have less to do with favourable ecological 
conditions than with the fact that these economic systems, with only 30 X 
of the world's population, are "sustained" by consuming around 70 %of 
global resources. As the resource depletion and waste generation 
associated with the high level ofeconomic activity of advanced industrial
ized countries are not completely contained within their boundaries, the 
resulting environmental degradation is effectively spread over the entire 
biosphere.s On the other hand, the high resource consumption of these 
economies may be beginning to have some global, or at least trans
frontier, repercussions. As will be discussed further in Chapter 6,climatic 
changes resulting from the excess emission of greenhouse gases from 
industrial activity may significantly affect global agricultural productivity 
and thus the ability of some regions of the world to feed their populations. 
An even more dramatic constraint on world economic activity would be 
the threat of a rise in sea-level associated with global warming thermal 
expansion of the oceans and perhaps even excessive melting of the polar 
ice-caps. Similarly, combustion of fossil fuels emitting SO, and NO, 
pollution in the long run may increase acid rain to levels intolerable for 
forest and freshwater ecosystems, thus destabilizing livelihoods depend
ent on fishing and forestry activities." 

The greenhouse effect and Amazonian deforestation are examples of 
disturbances to the environment caused by human activity that may have 
important consequences for human welfare within the next 50 years - if 
not sooner. However, complete ecological destabilization of the biosphere 
may not occur for centuries - if ever. This does not necessarily invalidate 
the "alternative" economic view of natural-resource scarcity nor does it 
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denigrate its contribution to our understanding of the economics of 
environmental degradation. 

In some areas of the world where ecosystems are particularly fragile such as sub-Saharan Africa, marginal lands and tropical forest zones - the 
concept of an absolute ecological constraint on economic activity and
welfare may be very relevant. It may be equally relevant to certain type
of agriculturai activity - such as irrigated semi-arid agriculture anu
erodable croplands - in advanced industrialized economies. Even in those
regions with more favourable ecological conditions, and types of econ
omic activity that do not seem susceptible to any absolute ecological
constraint, there still remains the problem of environmental degradation
and the relative scarcity of essential environmental services. Thus, the 
type of relative and absolute scarcity effects suggested by the alternative
view cannot be dismissed easily; they also indicate another approach to
analysing the problem of optimal use of environmental resources over 
time. 

A THEORETICAL MODEL 

It would be wrong to infer from this discussion that such a coherent
approach actua!ly exists. There are two key aspects of the alternative view
of natural-resource scarcity: the physical dependence of the economic 
process on the environment, and the environmental costs of economic
activity. They have vet to be well integrated into a comprehensive model
illustrating these effects of relative and absolute scarcity. Nevertheless,
there are a growing number of studies and Lheoretical models emphasiz
ing these environmental costs and physical dependencies. All these efforts
have provided a foundation upon which it may be possible to build a more
complete analysis of the type of scarcity effects indicated by the alter
native view. 

Chapter 2 noted the progress that has been made in presenting a
thermodynamic-based approach to the process of economic-environ
mental interaction. Although the analogous application of the second, or"entropy", law to this process has had a great influence on the alternative
view, it is difficult to illustrate the entropy analogy in formal economic
models. In contrast, the more accessibie first law of thermodynamics and
the corollary law of matter conservation have been extensively adapted to
input-output models. These models have usefully detailed the flow of 
energy and material inputs through the process of extraction and
conversion, production, and final consumption into waste residuals. I A,
some theoretical explorations have shown, the materials-balance 
approach can be used to construct a model of an economic system that, by
virtue of its resource appropriation, produces both utility-yielding good,
and useless waste. Under various conditions (e.g., the presence o: 
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recycling), such a model can simultaneously depict the optimal rate of 
depletion of natural resources and corresponding waste generation.;' As 
Page has demonstrated, this approach can usefully be extended to discuss 
the role of conservation and efficiency in materials policy, and to establisi 
a rationale for considering the preservation of the resource base as an 
explicit policy issue.;" 

Similarly (see Chapter 4), many studies have concentrated on the 
envircimental costs of economic activity. For example, the irreversible 
conversion of natural areas in fixed supply may have a high opportunity
cost in the form offoreclosing the future option of deriving environmental 
services from them. Other studies have stressed the essential utility
yielding role of natural ecosystems and their en'. ronmental functions.-
The conventional approach to optimal resource depletion has also been 
broadened to incorporate the conditions that allow the preservation of 
natural environments containing resources, or to embrace an integrated 
approach to a variety of problems of environmental resource allocation.: 
In addition, the analysis of optimal choice over time between consump
tion, accumulation and environmental quality has been the focus of a 
number of studies.-2 On a broader front still, Norgaard discusses the co
evolutionary development of ongoing feedback and interaction between 
social and ecological systems, whe-ebv the feedback mechanisms pre
viously maintaining the ecosystem are assumed by, or shifted to, the social 

21system.
The alternative economic view of natural-resource scarcity can be 

described by a model that attempts to synthesize these theories. One such 
model is constructed in the appendix to this chapter. Figure 5.1 
summarizes the model in a simple flow diagram depicting the inter
relationships among the economic process, the natural environment and 
human welfare (utility). As this model is concerned with those uses by the 
economic system of natural resources that lead to increasing erivironmen
tal degradation, Figure 5.1 only indicates the transformation of material 
and energy from terrestrialsources (i.e., forests, coal deposits, mineral 
ores, etc.). The direct use of solar radiation and the indirect use of solar 
energy through wind, water, tidal and geothermal energy are not shown 
in the diagram. It is important to note, however, that increased direct and 
indirect use of solar energy by the economic process can reduce 
environmental degradation by substituting for the use of terrestrial 
resources. 

According to Figure 5.1, at any time terrestrial resources, R,, are 
appropriated by the economic system to produce output Q,. This output 
is then either allocated fbr consumption C, environmental improvement 
services V,, or investment I,. Consumption leads directly to increases in 
social welfare, which is represented by a utility box. Environmental 
improvement services generally assist environmental quality X, (and thus 
the provision of the utility-yielding and productive services provided by 
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the environment,, and also assist the recycling oi some of the total waste 
emitted by the economic system, \, The recycled waste effectively re
enters the economic system as a productive input (not shown). Invest
ment can lead to capital accumulation from one period to the next, K -
K,.,, which in turn stimulates further expansion in output capacity. 
Through the processes of production, consumption and saving, the 
economic system gradually transforms terrestrial resources into various 
utility-yielding purposes. 

However, the extraction of resources from the environment, R,, and the 
generation of net waste, N., by the economic system must eventually lead 
to increased environmental degradation, S - S,,. In turn. increased 
environmental deuradation can affect ecological stability and resilience.)" 

If overall environmental quality can be kept above some minimum level. 
X, then over all ecological stability and resilience can be said to be still 
maintained. Even before complete ecological instability and collapse set 
in, any increase in environmental degradation is bound to lower 
environmental quality, and thus have a negative impact on social welfare. 

Economic growth may improve social welfare by increasing consump
tion and allowing for some improvements in environmental quality ivia 
V). At the same time, the costs of growth, in terms of increasing 
environmental degradation could have a negative impact on environmen
tal quality and so on welfare. Consequently, in the short run at least, the 
problem isone of balancing these various costs and benefits of growth in 
order to maximize the generation of utility over time. This is the relative 
natural-resource scarcity problem as identified by the alternative view. 

There is the additional problem that eventually increased environmen
tal degradation could permanently disrupt ecological functions and thus 
the overall sustainabilitv of the economic-environmental process. As 
shown in Figure 5.2, at a future time T, environmental degradation may 
reach some maximum level S, at which ecological stabilit-y and resilience 
is disrupted (i.e., X, < X). As a consequence, social welfare would be 
severely constrained (i.e., U - 0). This long-term threat of ecological 
disruption to the overall sustainability of economic development repres
ents the absolute natural-resource scarcity constraint of the alternative 
view. 

Figures 5.1 and 5.2 indicate very simply the process of economic
environmental interaction by which the relative and asbsolute scarcity 
implied by the alternative view might arise. In the appendix to this 
chapter, a formal model of this interaction illustrates the optimal 
allocation of economic and environmental resources that may result from 
scarcity. 
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WIDER IMPLICATIONS: TECHNOLOGY, TASTES AND 
TIME 

As noted in Chapter 3, conventional theories of natural-resource scarcity
often indicate that technological innovation, substitution and improve
ments in resource management can be mitigating factors in overcoming
increasing relative scarcity. The crucial question is whether the type of 
scarcity effects envisioned by the alternative view can also be mitigated by
technological innovations and proper environmental management. The 
answer must be yes, albeit with some qualifications.

One key is, of course, slowing down the rate of environmental 
degradation to a level low enough to ensure that there is little appreciable 
or significant deterioration in vital ccological functions or natural
resource systems. This invariablv calls for innovations that can slow down 
the rate of resource throughput in the economy bv reducing the inflows 
of material and energy resources required from the environment and the 
outflows of waste. There are essentiallv two broad types of resource
saving innovations that can be applied to economic activity. These are 

i) 	innovations in the process of production; that is, 
a)factorsubstitution(e.g., labour power ior energy, resource-saving
capital for energy and materials, and the indirect and direct use of 
solar energy for terrestrial energy); b) the re-use of scrap and waste 
materials (i.e., improvements in the recovery and recycling of 
producer and consumer waste); and c) the increased efficiency of 
resource conversion and utilization (i.e., obtaining the maximum 
amount of end-use energy and material for production from the 
primary inflows of resources into the economic system).

ii) other innovations such as 
a) improved organizational techniques (i.e., better organization of 
production, distribution and consumption in order to reduce 
resource inefficiencies and resource use); b) changes in the composi
tion of output (e.g., from non-durables to durables, or from 
resource-using goods to services); and c) changes in product quality
and/ordesign (e.g., reducing sizes and weights of vehicles, eliminat
ing built-in-obsolescence, re-designing throwaway packages and 
containers, and improving energy-efficiency in appliances). 

The technology necessary to achieve these resource-saving innovations 
may already exist, or is easily achievable, in the advanced industrialized 
countries. As a recent report from the US Office for Technical 
Assessment has indicated, thanks to the mushrooming revolution in 
information technology, resource savings of 40-60 %of current use could 
befeasible in the near future for the United States without any sacrifice in 
economic growth. 26 However, as Page has emphasized, what istechnolog
ically feasible in terms of resource saving may not actually be realized 
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unless the conservation criterion of keeping the resource base intact forfuture generanons is accepted as a valid macro-economic policy goal.'- Inturn, this depends upon policvmakers accepting that the type of scarcityeffects stressed by the alternative view pose real constraints to theeconomic process, and that it is necessary to balance short-term
conventional objectives of macro-economic performance with the morelong-term considerations of future economic security and welfare. Theseand other policy impiications of the alternative view will discussed further 
in Chapter 8. 

In addition to resource-saving innovations, better techniques oienvironmental improvement and management could also alleviate anydecline in environmental quality. The results may include an increase i n productivity, particularly in the case of agricultural and other resourcebased systems that are directly dependent upon ecological relationshipsfor production. For example, in the Sahel small farmers have struggledfor generations against drought, high temperature and marginal soil
fertilit to establish a predominantly millet-based cropping system. Withthe introduction of improved multicropping techniques, new drought andpest-resistant varieties of cow peas, and no-tillage mulching, water runoff and soil erosion have been reduced and yields have increased.- " 
Chapter 7 discusses a similar example of how improved landmanagement techniques and cropping systems - accompanied byappropriate economic policies, incentives and investment strategies 
might reduce upper watershed degradation in Java.

In numerous circumstances, the quality of the environment can benefitfrom a variety of techniques ranging from improvements in resource, landand water management; to ecologically appropriate tourist facilities.conservation areas and environmental policies; to the dissemination ofnew conservation skils and training. Again, the political will to design
economic policies, incentives and investment strategies implement
to 
these techniques is all that is lacking.


Despite optimism that the combination of resource-saving and environmental management techniques could indefinitely postpone binding
ecological constraints, there are a number of reasons 
- in addition to theproblem of political will - why such innovations may not be automaticallyor effectively implemented in response to deciining environmental
 
quality.


In the conventional case of increasing scarcity of raw materials, theexistence of identifiable markets for these resources means that the pricesystem can automatically respond to this scarcity and so induce theappropriate innovative response. However, as stressed throughout thischapter, many environmental resources exist theoutside economicsystem, as integral components of complex resource and ecologicalsystems, and are thus non-market common-property resources. As notedin Chapter 4, although "markets indirectly and other institutions directly 
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influence the allocation of these resources" for use as re:ource inputs and 
waste assimilation as opposed to preservation, "unfortunatc!v none of 
these can be relied upon to provide the information on the miarginal
valuations of the resources involved in these allocations". 29 N)r can
markets or other institutions be expected to convey information accu
rately on the economic impacts of environmental degradation and the 
decline in ecological processes. Without a mechanism for conveying tnis
information, the appropriate technological response is not assured.

The appropriateness and effectiveness of technological innovation in
halting environmental deterioration depend on a clear understanding of 
the ecological impacts of pollution and resource depletion. However,
changes in the state of the environment and its resources usually involve
substantial qualitative changes and interactions. The aggregate effects on
ecological functions and systems may, in some cases, be unusualan 
capacity for resilience and regenerative capacity. In other cases, this mav
lead to a tendency towards rapidly reinforcing disturbance and disruption
(see Chapter 2). Because such changes are rarely stable, frequently
irreversible ariA often cumulative and discontinuous, environmental 
systems almost never settle to an equilibrium state in response to
perturbations and disturbances. Even iii the relatively simple case of a 
constant input of pollution into a stream ecosystem, the environmental 
system may or may not reach an equilibrium for years, as the pollutant 
may differentially affect the survival rate, and perhaps even the course of
evolution of species. In the case of multiple pollutants, the combined 
changes rarely equal the sum of the separate effects. "I 

There may be physical limits to the extent to which resource-saving
innovations can reduce resource throughput in the economic process. It 
may be possible, as noted above, to reduce current US resource used by
40-60 % and still have reasonable economic growth, but anv further
reductions may not be feasible under even the most optimistic technolog
ical assumptions. The source of these restrictions stem from the first and 
second law of thermodynamics as analogously applied to the economic 
process (see Chapter 2): 

i) 	from the first law, as material and energy can neither be created nor 
destroyed, production and consumption must require some inputs
of material and energy from the environment and generate some 
waste;

ii) from the second law, as material and energy used in transformation 
must irrevocably dissipate or decay, some degradation of material 
and energy from a useful to a useless state by the economic process
is inevitable and irreversible.32 

In other words, resource-saving innovations may minimize, but cannot
eliminate, resource throughput from the economic process. Given 
Uncertainty over ecological I rocesses and environmental change, even the 

http:irreversible.32
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minimum resource-throughput level required to sustain an economprocess may continue to damage the environment, particularlybeen subject to stress if it hfrom past resource-using technologiessignificant period of time. 

for 
Just as the optimal allocationenvironmental improvement services and investment is influenced by threlative preferences ofconsumnption to environmental quality and changcin the social value 

of output between consumptiol 

of capital accumulation (seechapter), the appendixchoices of resource-saving to th,and environmentalinnovations managemer.over other possible technological mixes will be dictated Iindividual tastes and preterences. The classic problem here, of course,that choice of innovations today will affect both future consumption an,environmental quality, Vet fuIturc preferencesfuture generations are and the preferences oas vet unknown. For example, very little of thtyield-enhancing technical progress in US agriculture during the post-wa:period was induced by concern
erosion, and 

about the cumulative effectshas thus contributed on soito the current problems of sol.degradation in erodible croplands, now an urgent and pressing concern. '-In assessing both future and present reactions to environmental degradation, the crucial problem remains that "the level of the shadow price ofenvironmental functions is largely indeterminateinformation because insufficientis available on the preferences for environmental
functions". IIn principle, resource-saving innovations in technology and environmental management should be capable of overcoming the type of scarcityeffects depicted by the model in the appendix to this chapter. However,the main indicator of these scarcity effects - the relative decline in thequality of the environment awid in ecological functions - occurs largelyoutside the institutional mechanisms of the economic system. Aft best, itis only indirectly and partially reflected in the market through its impacton productivity, human health, resource-management costs and so on.
Therefore, the appropriate innovative responses may not be automatically
forthcoming. Moreover, given the complexity of ecological relationsbiips,
their often unstable responses to stresses and shocks, the uncertainty over
future and even current preferences for environmentalresources, and functions andthe physical limits to resource-saving techniques, theeffectiveness of innovations in ameliorating environmental deteriorationmay be constrained. If this is the case, thenconsumption the trade-off betweenand environmental improvement services,more growth and betweenand increased environmental preservation may bcunavoidable. 
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SUMMARY AND CONCLUSION 

This chapter has explored an alternative view of natural-resource scarcitythat considers the trade-off between environmental quality on the onehand, and resource depletion and waste generation by the economicprocess on the other. For the economic-environmental system as a whole,the result of such a trade-off may be the following two scarcity effects: theshort-term consequence is the increasing relative scarcity of essentialenvironmental services and ecological functions important to economicactivity and human welfare; in the long run, pervasive and cumulativeenvironmental degradation may lead to an absolute constraint i ecosystems are destabilized and essentially collapse. Although the strictapplication of such an approach may be Iimited, it has wider implicationsfor the role of technological change and the value of the environment inany system experiencing deteriorating environmental quality.This more macro view of economic-en vironmental interaction contrasts sharply with conventional economic approaches that deal with morespecific, or micro, environmental and resource problems (such as theoptimal depletion of certain types of exhaustible resources, the optimalcontrol of waste effluents, and the preservation of unique naturalenvironments). Nevertheless, the alternative and conventionalapproaches are more complementary than mutually exclusive; both arenecessary for improving our understanding of the complex interactionbetween economic and environmental systems.
The model presented in the appendix to this chapter formally illustratesthis alternative view. It also confirms the general conclusion that ifindividuals express preferences for essential environmental resources andfunctions v. ich are perceived to be deteriorating, then it may be optimalto consider trade-offs between more consumption through resourceusing growth on the one hand and environmental preservation and moresustainable development on the other. With its strong assumption ofincreasing environmental degradation leading to ecological collapse, themodel may only be strictly applicable to a limited number of economicenvironmental systems. Its general insights, however, are more widelyapplicable to any situation where economic activity leads to decliningenvironmental quality, and the loss of ecological functions.

The following chapters explore some examples of a slightly weakerlypothesis. These are examples of economic-environmental interactionit the global, transnational and regional level where the uncheckedfnvironmental degradation from cumulative resource depletion and/orvaste generation might lead to severe ecological disruption and theollapse of human livelihoods. The next chapter looks at the problems ofmazonian deforestation and global warming as illustrations of the shortnd long-term scarcity effects depicted by the alternative view. Chapter 7ses the example of upper watershed degradatvn in Java to examine the 
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economic policies, incentives and investment strategies that mufht lerequired to tackle i specific problem of pervasive environmentaldegradation. Chapter bwill discuss more generally the policv impilcatrnnsof reconciling tradc-o'is between conservation and development goals inorder to achieve environmcntally sustainable development. 

APPENDL: A MODEL OF ECONOMIC-ENVIRONMENTAL 
INTERACTION"i 

Figures 5.1 and 5.2 summarize the process by which the reiativc andabsolute scarcity effects implied by the alternative view might arise in aneconomic-environmental system. The relationships depicted in thesefigures can be adapted into a more formal analysis of the optimalallocation of economic and environmental resources over time resulting
from these scarcity effects.

The following model analyses the prospect of irreversible damage tothe natural environment, arising from resource depletion and wastegeneration. The outcome is a steady decline in evironmental qualitypotentially leading to thc long-term disruption of important ecologicalfunctions and systems. In order to capture these relative and absolutescarcity impacts of increasing environmental degradation time,over
several assumptions are adopted.

First, in order to indicate the dependency of human welfare on essentialenvironmental services and ecological functions, a stock variable representing environmental quality X,is included along with consumption C,asarguments in the social welfare function U: 

U = U(C,, X), (I)
with U,(C,) > 0, U,,C. < 0, U, (X,) --0, U,,(X,) < 0. Equation (1)indicates that at any time t social welfare isa concave, increasing iunctionof consumption and environmental quality. To simplify analysis, the
welfare function is additively separable, that is, U,, = U,,= 0.
Secondly, it isassumed that at any time t any output Q,produced by the
economic system not for
and used consumption, or for providingenvironmental improvement services V,, or for replacing depreciatedcapital wK,, leads to a net accumulation in the -alpital stock, K. - K,-,: 

K,- K..= Q.- (C + V,) -wK. (2)
Capital depreciates at the constant rate w. Environmental improvement
services can be divided between those that directly improve environmental quality through, say, conservation practices, resource management,pollution clean-ups etc.; and those that indirectly improve X, by increasedrecycling and the abatement of waste residuals otherwise emitted into the 
environment. 

Thirdy, following the relative scarcity argument of the alternative 
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view, it is assumed that at any time t as the economic process extracts 
resources R, from the environment and generates (net) waste N,, 
increasing environmental degradation S, - S,., occurs causing environ
mental quality to decline: 

S, - S,-, = f(R,, N,) ,(3 

X, = X (S,, V) , (4: 

X, < X,-, ,(5 

with f,(R,) >;, 0, foN,) > 0, X,(S,) K 0 and X,(V,) 00. Equ.tion (4) show, 
that environmental quality is a decreasing function of environmental 
degradation S,, and an increasing function of environmental improvement 
services V. A crucial assumption is that, since S, - S, >0 thfoughout an% 
time period t, Lhen X, must also be declining (ccnditons 3 and 5).11 

Fourthly, in order to incorporate the absoiute ecological constraint 
discussed above, the life of the economic-environmental system is 
assumed to be finite, where terminal time T is that period at the end of 
which environmental degradation reaches some maximum level S, 
driving environmental quality to some minimum level X, and thus 
irrevocably destabilizing the entire economic-environmental system. 
This constraint on the system can be summarized as: 

= U (C , , X ,' t. <t < T, X <X, and U ) (6) 

lim t, lim X(S,) - X and lim U - 0. 
t-T S,-S 

Assuming population growth is constant, the remaining functional 
relationships of the model can be simplified to; 

Q,= Q(K,) , (7) 
with Q,(K,) > 0 and Q,(K,) < 0.36 

R,= R(Q,) , (8) 
with Rq(Q) > 0. 

N, = W(Q,) - B(V,) , (9) 
with B,(V,) > 0, B,,(V,) < 0 and Wq(Q,) > 0. That is, production is a 
function of the capital stock; resource use and waste generation W, are 
functions of total output; and net waste generation is W, less any recycling 
B,. 

Finally, the initial and terminal conditions of the model are 
respectively: 

K0 =K , S=S , (10) 

K >k>O , ST>S . (11) 
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The planning problem suggested by the model is how best to allocate 
economic and environmental resources over time given the current 
relative scarcity problem of declining environmental quality and the 
threat of' qu"ture ecological constraint on the entire system. A dynamic
discrete-time optimization problem can be constructed from the model 
with the aid of a few substitutions. 

Substituting (7)-t9) into (3) yields: 

S,- S,., = ftR'Q'K,)), W(Q(K,) - B(V,)) = g(K,, V,; (12) 

with g.0K,; ()and g V. 1 0. That is, as capital accumulation leads to 
growth and - in the absence of technological change - more resource 
throughput, whereas environmental improvement services reduce waste 
through recycling, then environmental degradation is essentially an 
increasing function of K. and a decreasing function of V, at time t. 

Expressions i12) and, t) can be substituted for X. in the social welfare 
function I1), which is now summed over the finite planning period It, T] 
and discounted at the rate 0 < r < 1: 

i= I U(C, X(S 1 + g(K,, V,), V,))+1t= I +r),- (13) 

A Lagrangean function, L*, can now be formed from (13), (2), (10) and
(11): 

T 

L* 1 U(C,, X(S,., + g(K,, V,), V, (14) 

T 
+ Z p, (K,., + Q,(K,) - (C, + V,) -wK, - K,)
 

t = I
 

+ p1(K - K.) + pT.i(Ki- K) + u(S - S,.) + a(S. - S). 

The Lagrangean multiplier p, can be interpreted as the utility value of
 
an additional unit ofcapital, that is the social value ofcapital accumulation
 
that becomes available in period t.
 

Similarly, the multiplier u represents the social value of an increase in 
the initial level of environmental degradation, S., whereas a indicates the 
social value of a relaxation in the binding terminal constraint, as 
represented by an increase in S. 

Thus the dynamic optimization problem is to maximize (14) by optimal
choice of C,, V, and K.. Assuming C,, V,, K, and S, '- 0, the first-order 
conditions are: 

dL*... IdC r U,(C, - p. = 0 ,dC, (I + rp,-, t = ,...,T (15) 
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dL* - 1 IX ) 0 
dV. 1 +ri. 

t 1,....,T (16) 

- ,(X,) X.:S,)g(K,) + p,., - p. + p,(Q(K) - w)
 
dK, I +
 

=0, t= 1,...,T (17) 

dL* -p - p =0, (18) 

dLL
 ) ) dS.,- UtX" X,(S,)(I "¢KI, %71 u =0 (19) 

d*_ IdST I U,(X,)X.,Si)+a = OdST I r), , (20) 

As has been specified, the complexity of the model prevents the 
characterization of a final solution to these equations. Interpretation of 
these conditions does however provide some useful insight into society's 
allocative choices when faced with the unique relative and absolute 
scarcity constraints of the model. For example, condition (15) can be 
substituted into condition !16) to yield: 

UC,- X,(S,)g,(V,) + X,(V,) ,t = 1,...T (21) 

This suggests that the marginal rate of substitution of X, for C, isequated 
in each period with the impacts on the environment of a marginal increase 
in environmental improvement services. These services either protect the 
environment directly, X,(V,), or indirectly b%recycling waste and thus 
reducing some of the negative impact of the economic process on the 
environment, X,(S,)g,(V,). Thus condition (21) defines the optimal trade
off between increased consumption and provision of services to improve 
the environment. That is, at any time t = 1,...,T any allocation of output 
between C, and V, must obey this rule. 

Condition (17) can be rearranged as: 

p.... p. = p,(Q.(K.) - w + r) U.'X,)X, S,)g,(K,) 

= 1.....T221 

which indicates that the social value of capital is changing in each period 
according to the benefits of marginal capital productivity net of 
depreciation p,(Qk(K,) - w), less the discounted marginal damage of the 
environmental degradation accompanying this increased productivity 
U(X,)X,(S,)gk(K,). Capital accumulation that is not replacing depreciated 
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stock leads to increased output and thus socially valuable consumption
and environmental improvement services. At the same time, however, the
increased output requires a greater use of resources by the economic 
system, which in turn increases environmental degradation. The former can be considered the benefits of capital accumulation and the latter, the 
costs. If in any period the costs exceed the benefits of capitai accumula
tion, then its social value will decline. If the costs equal the benefits, the 
value remains constant, that is: 

i: KI wp K, r U X,X.(S)g.i K,)
 
then p.. - p =
0. t= 1,...,T (23) 

Therefore, expressions (22) and (23) are the rules governing the optimal
rate of capital accumulation, and thus growth, in the economy.

Condition (18) states that the social value of additional capital in thefirst planning period and the period before are equal (i.e., the social valueof capital is unchanged up to the first period). Condition (!9) shows that
the negative social value ofa decline in tne initial state of the environment 
must be equal to the marginal damage of an increase in environment
degradation in the first period. Any such increase in S,, must be a social 
cost, for it both lowers initial environmental quality, X,, and it brings thesystem that much closer to the level of environmental degradation that 
causes its "collapse", S. In contrast, an increase in S would prolong thelife of the economic-environmental system and is therefore beneficial to
society. From condition (20), this benefit is equivalent to the marginal
utilitv of a decrease in environmental degradation in the last period.

This model has derived the optimal conditions for allocating economic
and environmental resources in an interdependent economic-environ
mental system where any resource depletion and waste generation by theeconomic process leads to deteriorating environmental quality and an
eventual ecological collapse. As the model has stressed that the state, or
quality, of the environment is an essential determinant of social welfare,

environmental improvement services are recognized as a socially valuable
 
component of economic output 
 and, in every period, society must

optimally allocate output between consumption and services to improve

the environment. Although the key to expanding output is capital

accumulation, the cost of capital accumulation and growth is increased
environmental degradation. If this cost exceeds the benefits of economic
expansion, then the social value of capital accumulation, and thus growth,
declines. Under certain conditions determining the social welfare func
tion (e.g., individuals' giving more weight to environmental quality thanconsumption, in their utility considerations), society may opt for slower or 
even for no growth and the allocation of an increasing share of output toenvironmental improvement services. Such allocative choices are clearly
consistent with a preference for ecological preservation over increased 
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aggregate consumption, a preference that is perhaps spurred by appre
hension over the type of future absolute ccologic.i constraint included in 
this model. 

NOTES 

1. Recent surveys of environmental and resource economics, such as those bv Partha 
Dasgupta. The Controiof Resourccs i Basil Blackwell: Oxtird. 1982, and Anthony C. 
Fisher, Resource and ErntvronmentalEconomics, Cambridge Universitv Press: Cam

bridge, 1981 ), have already demonstrated how ,pecific conventional theories oi 
optimal resource depletion, environmental preservation and pollution control all 
share a common analytical approach. The point made here is that these same 
analytical tools, suitablv modified, can and should be applied to the more macro 
problem of environmental degradation and the destabilization oi an entire economic
environmental system. Indeed, elements ot this more global problem can be found in 
these eclectic works by Dasgupta and Fisher. 

An even more important point in stressing this macro-micro analogy is that the 
alternative and conventional views of natural-resource scarcity are not mutually 
exclusive but complementarv. Both levels of analssis are needed to obtain a better 
understanding of environmental and resource problems and to design appropriate 
policy measures. Ther same micro-macro analogy was used by Talbot Page 
(Conservation and Economic Efficiency: An Approach to Materials PolicY Johns 
Hopkins University Press: Baltimore, 1977), p. 205 to reconcile the conservation 
criterion of keeping the resource base in tact with the present value criterion of inter
temporal efficiency: "The conservation criterion functions at the macro-economic 
level establishing acontext for markets; the present value criterion functions at the 
micro-economic level of market efficiency. For pohcv analysis and prescription both 
levels are needed." 

2. The fact that economic-environmental systems exist on all different scales, or 
hierarchical levels, breaks the analogy between the macro aspect of the alternativc 
view of natural-resource scarcity and macro-economics, which by definition is more 
or less confined to the analysis of the nationaleconomic system. As subsequent 
chapters will demonstrate, the economic consequences of environmental degradation 
isa problem for all economic-environmental systems, whether at the local, regional 
or global level. As discussed in Chapter 2, this point isalso emphasized by Gordon R. 
Conway, "The properties of agroecosystems", ArnculturalvSstems,Vol. 24 (1987) in 
his analysis of the sustainabiliry and other properties ofagro-ecosystems - one specific 
type of economic-environmental system. Note, however, that as one reduces the 
"scale" of the economic-environmental system, decreases its "elements"or to a 
simpler problem of interaction between one type of economic activity and one type of 
environmental function, the environmental degradation problem may resemble more 
conventional resource problems. In an extreme case, one such reduced economic
environmental system is the classic renewable resource problem of an open-access 
fishery (see Chapter 3j. In such a simple system, analysis of environmental 
degradation is the same thing as the conventional analysis of optimal harvesting, and 
die sustainability of the system isin turt deiermined by the long-term potential of the 
resource stock for regeneration in response to harvesting. As this chapter will discuss,
the value of the alternative view lies in illuminating scarcity effects in more robust 
economic-environmental systems, with more than one environmental function and 
where these functions are potentially threatened by ecological disruption. 
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9. As will be discussed bciow,, both the increasing relative scarcity of cnvirotnmcntal

services and the degree oi resource dependenc' of economic crowth ma% ticmitivatca
by technologicLI change. Note also that this view of the relationsnip betwecneconomic growth and the increasing relative scarcity of environmental services,analogous to the view of the "development versus environmental preservatioroption" with respect to a specific unique natural environment discussed in Chapter 

10. The terms ecological "stability" and "resilience" should be interpreted as defincd h%
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cxternaltc, to private production and consumption allocation decisions. 



6
 

Two Examples: 
Deforestation in Amazonia 
and the Global 
Greenhouse Effect 

In this chapter, Amazonian deforestation and the global greenhousewarming will be discussed as examples of the type of scarcity effectssuggested by the alternative view. In looking at these two cases we areinterested in two things: first, any evidence to support the alternative viewand to indicate that its short- and long-term scarcity effects are realconcerns; secondly, the potential impact of these effects on economic
activity and a discussion of appropriate policy responses.

For the Brazilian Amazon, current economic policies. incentives andinvestment strategies have played a role insignificant acceleratingdeforestation and forest degradation. Ameliorating the scarcity eftect.
caused by Amazonian deforestation will mean modit\'ing these policies.Similarly, there are a number of adaptive and preventive policy andinvestment strategies that should be considered if the consequences of aglobal warming are to be counteracted. The purpose of this chapter is toillustrate that the alternative view provides a logical framework foranalysing the economic impacts of these ,carcitv effects, and thus fordiscussing the policy options available for combatting them. 

DEFORESTATION IN AMAZONIA 
In the Amazon region of South America, increased economic exploitation 

isblamed for widespread deforestation and the degradation of the region'stropical forests. This is leading to further ecological disruptions throughchanges in soil quality and erosion, water run-off, rainfal! patterns ,andlocal climate. There may also be important consequences for thebiosphere if excessive Amazonian deforestation continues. To understand
the reasons for these concerns, it is necessary to appreciate the complexity
of the Amazonian ecosystem. 
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The Amazonian ecosystem 

The Amazon River Basin covers an area of approximately 5.8 million kin-. 
It is shaped like a horseshoe and lies along the 6,500-km Amazon River 
and its tributaries. Roughly 70 %of this surface area is covered by tropical
forest which extends into six South American countries - Brazil. 
Columbia, Peru, Venezuela, Ecuador and Bolivia. The Amazonian forest 
represents a significant proportion of the world's tropical forests, for 
example, Brazil - which contains around 67 %of the Amazonian tropical
firest - accounts for one third of the global tropical moist lorest.-

Together, its tropical forest and river system make Amazonia the 
wettest region of its size in the world, containing two-thirds of the earth's 
surface fresh water. Although the Amazon River system discharges one
fifth of all the river water that flows into the world's oceans and seas, more 
than half of the region's moisture remains within the ecosystem. IThis is 
due to high rates of rainfall, and equally high rates of solar evaporation and 
tropical forest evapo-transpiration. 

The vast Amazonian ecosystem can actually be classified into three 
distinct types: the terra firme (solid or dry ground) of the tropical forest 
proper; the z'arzea Iswampy areas and flood lands) along the river banks 
flooded during rainy season and rich in nutrients; and the tgapos
(submerged -reas) that are basically aquatic ecosystems fed by the various 
"black", "white" and "clear" water rivers. As tncse three ecosystems are 
closely linked, it is possible to view Amazonia as "a system that has 
achieved asteady state in its water cycle, nutrients, and energy balance ... 

'presently a svstem in equilibrium.' Thus, the Amazon River Basin can 
be classified as an extensive, subsidized climax solar-powered ecosystem
(see Table 2.1) which is virtually self-sufficient in material cvcbln and 
energy balance except for continuous inflows of solar radiation and a 
major influx of atmospheric water from the rade winds of the northern 
hemisphere. 

In the past, the vastness of the Amazonian forests has allowed abalance 
between the use of forest resources for economic activity and sufficient 
preservation to ensure ecological stability and sustainability. For centur
ics, traditional forest dwellers have developed sustainable productive
systems that minimize deforestation and degradation. Their economic 
activities have included hunting, fishing, crop growing, food gathering,
and the use of trees to build homes and canoes. Important cultural 
mechanisms have been employed to prevent this livelihood being
threatened by overpopulation. In Brazil, the forest-dwelling Indian 
population was estimated to be as high as six to nine million people in 
1500.
 

Similarly, traditional shifting cultivation - which involves clearing a
small area of forest, burning some of the felled vegetation and leaving the 
remainder to decompose and gradually leach nutrients to the soil - can be 
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a sustainable and selflcontInncd svystem that minimizes deforestation A,long as the population density remains at two or three people per Kn-, andthe land is left fallow for at least ten years, then farmers need only clear thesecondary tbrest that ha,,grown on the fillow land. Often, the secondaryforest is seeded with fruit or timber trees that make it valuable even wienlying fallow. Thus many oi these traditional systems have tremendouspotential lo not only mee.ing, subsistence needs but also for _,eneratinqmarketable surpluses of 'aluablc

requires crops. Realizing this potential. however,a commitment to improving and encouraging the sustainabledevelopment of these systems.'
Appropriate agro-ecosystems for the fertile, alluvial flood 
 iains havealso been successfully deveioped. Although the varzeas cover onily 2 ."ofAmazonia, with proper flood control, small-farmer production of irrizatedrice, tree crops, food crops and jute - as well as water buffalo and fishcould be substantially improved 
without damaging the environment.Assuming a generous allocation of ten hectares (ha) per farmer, the floodplains could support up to one million farming household, or more thanfive million people. However, the successful development of the z'ar.:-:aswould depend upon controlling the clearance of the natural ground co'er,drainage of the swamps and the excessive use of agro-chemicals.As Figure 6. 1shows, forest products from Amazonia can contribute toa number of important modern industries with minimuili deforestationand environmental disruption, provided that the trees of the ibret -reproperly harvested in order to limit unnecessary extraction and ecologicaldamage. The phvto-chemicals derived from some forest product,-, mayprove to be ideal renewable substitutes as the price of petroleum-based

synthetics increases. Although 400 of Amazonia's identified tree speciesare known to have commercial value, only 50 of them are being exploited.usually on an extensive scale without any regard for environmentadestruction.' Because of the complex and highly specializedinterdependence, speciessome borest products cannot be exploited unless theplants are allowed to remain fully integrated in their natural tropical
environment.
 

A preserved tropical forest ecosystem isalso a source of genetic material
for agriculture, industry, 
 medicine and science. Although the world'i
tropical moist forests contain some 40 to 50 %of the earth's estimated five
to ten million species, only I ' have been subjected to intensive screeningfor their potential benefits to humankind.
contain The Amazon is believed toat least 30,000 plant species - three times as much as in all of
temperate South America. Some species have already been identified as
possible sources of drugs to combat cancer, heart disorders, high blood
pressur, and other illnesses, and safeas contraceptivescompounds. and fertilityNew indistrial uses of forest genetic materialsdiscovered, such as are beingthe development of new hybrids for boosting cropproductivity and/or increasing resistance to pests." ' 
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Figure 6.1: Functions and Uses of a Tropical Forest 

This diagram shows the kinds of ecological functions and sustainable economic activities that atelatively undisturbed Amazontan tropical forest system can provide. 
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Amazania has traditionally existed, and could continue to exist, as a
highly diverse and stable ecosystem capable of yielding essential environ
mental services and supporting a number of important economic
activities. Exploitation of forest resources could increase even further
provided that deforestation and en. :roiimental degradation is minimized. 
On a human timescale, the !oss of such a highly developed ecosystem is
tantamount to the loss of an irreplaceable asset: even if favourable 
conditions allow for it the regeneration of an integrated tropical ecosystem
approaching the complexity and diversity of Amazonia would take tells if 
not hundreds of thousands of years. 

Increasing deforestation and degradation 
Only rough estimates of the total amount of deforestation in Amazonia
exist. For the Brazilian Amazon, official estimates from LANDSAT
imagery indicate that by 1980, about 124,000 kin of tropical forest had 
been altered. This represents 2.47 % of the total area of the "Legal
Amazon" region of Brazil, or 4.27 %of the original forest area.::. Other
estimates suggest that deforestation is proceeding at the rate of about 
23,000 km" per year, and that some 290,000 km- - or about 10 % of the
original forest - has been altered. Of the non-Brazilian forest in the 
Amazonian region, a total of 113,000 km - about 9%of the original forest 
- is also estimated to have disappeared. Thus a total of 403,000 km- of 
Amazonian forest has been deforested or degraded, which is almost 9.6 %
of the original -4.2 million km. The deforestation rates seem to be 
accelerating in all the Amazonian countries, with the possible exception of 
Venezuela. :2 

The pattern of deforestation in Amazonia is highly concentrated and
consists of two stages: road building, new settlements and the expansion
of cattle-ranching to secure speculative claims come first; clearing these
 
areas increases once they are established. 3 For example, forest 
 areas
undergoing major conversion at rapid rates include parts of Colombia's 
lowland rain forests, especially along the Caqueta and Putumavo Rivers,
and parts of Brazil's eastern and southern sectors of Amazonian lowland
rain forests, notably in Para, Mato Grasso and Rondonia. Both are due to
cattle-raising colonist settlement and forest farming. There are additional 
areas of Amazonia undergoing moderate conversion at intermediate rates,
such as much of Ecuador's Amazonian lowland and upland rain forest. 
Here the causes are colonist settlement, forest farming, plannedsome
agriculture and oil exploration. Much of Peru's Amazonian lowland and
upland rain forest is being converted by colonist settlement, forest 
farming and some planned agriculture. Other parts of Brazil's Amazonian
lowland rain forsts (notably in Amapa, Acre and sections along the
Trans-American Highway system, the varzea flood plains and the
Tapaias River area) have been converted by colonist settlement, forest 
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farming, cattle raising and timber exploitation. Only after settlement has 
been well-established with surveyed plots and boundaries (as in the older 
official settlement areas in Rondonia), does the rate of forest clearing show 
any sign of slowing. 

Cattle ranching assisted by generous official subsidies is probably the 
greatest single factor behind this increasingly rapid deforestation. 
Estimates of the contribution of pasture formation to the total altered area 
of forest range from 38 to 73 %.'s As population growth in the Brazilian 
Amazon has been increasing by 6.13 %per year - compared to a national 
rate of 2.78 - small-farmer settlements are considered the second 
major cause of deforestation. Small farmers are thought to have been 
both directly and indirectly responsible for about II% of the Brazilian 
Amazon's deforestation by 1983.' Yet despite extensive settlement, the 
Brazilian Amazon still contains only about 5 %of the country's 147 million 
people.:- Non-Brazilian regions of Amazonia are also suffering high 
deforestation rates as a consequence of small-farmer settlement; in Peru 
it has been estimated that some 3,000 new settlers destroy 20,000 ha of 
natural forest each year.'1 

Although the Amazon's share in national roundwood production 
doubled between 1975 and 1980, and the number of its saw mills increased 
from 194 in 1965 to 1,639 by 1982, the forest sector is more vital for the 
regional than for the national economy. "' Most of Brazil's timber exports 
consist of mahoganv, which is being heavily logged in Rondonia and snuth 
of Santaren. Given that only a few species of tree are commercially 
exploited and that the population density of any particular species i, 
extremely low, vast areas of tropical forest must be covered in order to 
make iogging feasible. There are other species of wood that either serve or 
could serve as substitutes for mahogany including virola, pau marfim. 
jacareuba, and jatoba or jutal. However, because there are adequate 
supplies of mahogany to meet current demands, there is little immediate 
incentive to commercially exploit other tree species.-" Thus, extensive 
damage to the forest, in order to exploit a limited number of trees, islikely 
to continue. Further potential timber earnings are also frequently wasted 
when forest land is cleared for agriculture, ranching, road building, 
mining, hvdro-electric schemes and other large-scale operations without 
any attempt to salvage commercially valuable trees. 

The recent opening up of Amazonian areas to extensive economic 
exploitation has been highly destructive to the region's tropical forests. 
Yet the benefits, either in terms of increased national economic growth or 
of providing sustainable livelihoods for growing populations, seem to be 
far from dramatic. For example, the Brazilian Amazon contributes only 5 " 
to the country's GNP (gross national product), and the region's forests 
account for only 10 %of the national output of industrial timber.-" These 
benefits look even less impressive when one examines the costs of the 
current pattern of Amazonian exoloitation - both in terms of the relatnve 
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and absolute scarcity cffccts caused by dcforcstation, and the economic 
distortions caused by poiicies to promote this pattern. 

Short-term effects: Declining environmental quality 
Amazonian deforestation represents a significant increase in cnvironmental degradation and ecological instabilitv, which has two importantscarcity impacts. First, as environmental quality declines, many naturalservices essential to human weltare and economic activity start todeteriorate or are lost. Secondly, cetnsive deforestation may eventuallydisrupt the crucial water, energy and nutrient cycles that link theintegrated Amazonian ecosystem. This potential destabilization can beconsidered the long-term, absolute ecological constraint facing currenteconomic exploitation of Amazonia. This second impact is discussed in

the next section.
General environmental quality losses occurring in Amazonia include: 
i) the loss of the pot :ntially useful genetic material of unique

Amazonian species:
ii) the decline of unique natural habitats and ecosystems that are the source of cultural, aesthetic and recreational benefits;'

iii) The disruption of the culture and livelihoods, and a decline in the
population of traditional forest dwellers;:2

iv) the spread of endemic diseases and pests;" andv) The loss of productivity and other economic damage due to thewater run-off, soil degradation and erosion accompanying deforestation. This often undermines the productivity of shifting cultivation, commercial cropping and ranching operations.2' Forexample, after converted pasture is worked for two or three years.rainfall easily leaches nutrients from the thin surface soil (see Table6.1). Soil run-off leads to the siltation of waterways and increasedflooding, which affects cultivation and fishing in the flood plains.-
These losses in environmental quality are difficult to translate intomonetary costs and few attempts have been made to estimate them in thisway. This means that they are routinely ignored by those who decide onthe policy for developing the Amazon. As a result, development projects,programmes and strategies do not consider the full costs of the ensuingenvironmental degradation, and hence fail to adequately compensate frthem. Allocation of the region's scarce natural resources is thusautomatically biased towards economic development that is less rather

than more environmentally sustainable. 

Long-term effects: Climate change and destabilization 
In the long term, deforestation may cause major disturbances in the 



Table 6.1: Changes with Time in the Composition of an Anlazonian Forest Soil Converted to Pasture (Paragominas
Region, Para State) 

Sample 
Organic 
Matter 

(%) 
Nitrogen 

(%) 
pt 
(a) 

Ca:'+ 
Ag' 
(b) 

A I 
(b) 

K" 
(ppm) 

lhos-
(ppm) 

,41uminium 
Saturation 

(%) 

. 
: 

Forest soil before clearing 
1 yr of pasture 
3 yrs of pasture 
4 yrs of pasture 
5 yrs of pasture 
6 yrs of pasture 
7 yrs of pasture 

2.79 
2.04 
3.09 
2.20 
1.90 
1.90 
1.77 

0.16 
0.09 
0.18 
0.11 
0.10 
0.09 
0.08 

4.4 
6.5 
6.9 
5.4 
5.7 
6.0 
5.7 

1.47 
7.53 
7.80 
3.02 
2.81 
3.84 
2.61 

1.8 
0.0 
0.0 
0.2 
0.2 
0.0 
0.0 

23 
31 
78 
62 
66 
74 
-17 

1 
10 
1i 
2 
3 
7 
i 

53 
0 
0 
6 
6 
0 
0 

Not!, No .Iddhtiorial 1p1I11t.Ilon (l Icriltcr of lc uincs io land 
(a) (11,O) 
(b) (mcq per lIWOg) 

S.our,e:Enos Salati ant '.1Vo'c, Aina/on Basin: A ystemninequilibriurn", Sticne, Vol. 225 (19M-), pp. 129-38. 
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climate of Amazonia and its neighbouring regions. There is a danger thatas a whole, it may be pushed beyond the limits of its ecological toleranceSuch ecological destabilization would severely constrain any economi.activity in Amazonia and would also affect human welfare.The threat of adverse climatic change in Amazonia arises from th,permanent loss of water from the region's hvdro.ogical cycle as deforestation spreads.-' The increased water run-tff and reduction in wate:absorption and retention by the disturbed soil means not only less evapotranspiration because of the eradication of vegetation, but less wate:stored in the soils as well. A 10-20 %reduction in the amount of recycle(water would be sufficient to cause major alterations to the entirtAmazonian ecosvstem.26As this system relies on the extra energy input o:frequent rainfall in order to recycle vital nutrients, even relatively smal,declines in precipitation could disrupt nutrient cycles and energ. flowsand cause fluctuations in surface temperature.2' The complex interdependence of Amazonian ecosystems means thatclimatic change in one part ofthe Amazon will affect the stability of otherareas. For example, as half the rain falling in Central and WesternAmazonia is generated by water recycled from the Central and Easternforests, defbrestation in these areas would decrease rainfall in the WestClimatic change and ecological destabilization in Amazonia may thereforcoccur long before the region is completely deforested - perhaps evenbefore 20 %of forest land is intensively altered."'Disturbances in the local climate of the Amazon River Basin are likelvto affect other South American regions. Although the South Americanclimate is largely determined by the general circulation of hemisphericatmosphere and oceans, there is a degree of continentality dependent on,the Amazonian climate and temperature. Anet loss of water in Amazoniacould reduce precipitation in the Chaco Paraguavo and in Central Brazil.shifting the climate towards increased continentalitv and affectingagriculture in south-central Brazil and other South American regions. Forexample, increased continentality could either extend the winter period orinduce lower winter temperatures. This could result in the loss of valuableexport earnings from sugar, oranges, soya beans and coffee productionand cause major setbacks to Brazil's import-saving biomass fue! 

programme.,:
The effect of Amazonian deforestation on the global climate is lessclear. As the Amazonian forests have a significant impact on the globallatent heat flux, in the early 1970s Newell argued that their destructionshould have major repercussions on the general atmospheric circulationon earth.2 Essentially, this would involve the expansion of the albedoeffect to a global level, as Amazonian deforestation would expose a largeportion of the earth's land surface, increasing the amount of solarreflection and generally causing worldwide temperature fluctuations. Thesecond impact would be a major shift in hemispheric, and even global, 

http:ecosvstem.26


129 Deforestationin A mazonia and the Global GreenhouseEffect 

rainfall patterns that could affect agricultural regions in North America 
and Europe.
 

Deforestation in Amazonia may contribute significantly to the global
climatic changes associated with the greenhouse effect (see p. 133).
Approximately 115 trillion tons of carbon are retained in the forest matter 
of Amazonia. Converting all of this forest biomass to pasture or annual 
crops would mean that, at most, 20 %of the carbon content of the former
forest matter would remain fixed in the new vegetation. There would 
consequently be a net increase of about 8 in the carbon dioxide (CO,j
content of the global atmosphere. Given that the 16 !, increase ill
atmospheric CO,since the last century may have already caused some 
global warming, the additional contribution from Amazonian deforesta
tion may be highly significant. Moreover, destroying the Amazonian 
forests may also further the global greenhouse effect by releasing
important trace gases (e.g., methane, nitrous oxide, etc.j into the 
atmosphere."1 

Economic policy and the misuse of Amazonian resources 
If the current pattern of economic development in Amazonia is leading to 
these environmental effects, as well as to increased social conflicts among
smallholder squatters, larger commercial farmers, ranchers, and other
developers and indigenous peoples, then clearly economic policies have 
not fully taken into account their cost. In the case of the Brazilian 
Amazon, this appears to have been a deliberate strategy: 

During the past 20 years official development strategy for the region
has been, except for a brief interlude in the earlh 1970s, almost 
exclusively directed at the expansion of corporate forestry, agricultu
ral and, more recently, mining interests virtually irrespective of any
negative social and environmental side-effects.... Thus, the 
increased level of state intervention in Amazonia has served to attract 
cheap labour to the region (to prepare the rainforest for agricultural 
use by later incoming livestock and other ;armers, as well as to supply
temporary wage labour on estates) without ahlowing substantial 
small-scale ownership to take hold in a "pre-emptive" process of 
settlement by government and allied business interests. ' 

Such a strategy is exemplified by the recently launched US. 1.18 
billion Grande Carajas Program in the Eastern Amazon region of Brazil. 
Based around development of the world's largest high-grade iron ore
deposit at Carajas, the 840,000 km-'Program zone would include the 
development of 238,000 ha of mechanized soya beans, 12,600 ha of sugar 
cane, 417,000 ha of cattle pasture, and "enough rice to feed all of north
east Brazil". As a result, most of the money and land will go to large
landholders for mechanized agriculture, cattle ranching and even silvicul
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ture they will also receivc the bulk of rural credit and an infrastructurnaimed at facilitating the export ofagricultural products, and the import ofarm machinery and other inputs. i 

Throughout the Brazilian Amazon, deliberate measures to promot,this kind of economic development are estimated to have accounted for alleast 35 K ofall the Ibrest area altered by 1980. Such policies include: 
i) private capital investment inl the Amazon region through tax

incentives;
ii agricultural production through rural credits;iii small-farmer settlement in the Amazon region through directedand semi-directed colonization; anaivj exports of Brazilian products through export subsidies. 

Over the past two decades, the Superintendency for the Developmentof the Amazon (SUDAAU, along with its sister organization Fundo deInvestimento da Amazonia (17 NAM), has been responsible for establishing incentive programmes for attracting private investment
Brazilian Amazon. Over the period 

to the

1965 to 1983, direct tax creditsubsidies worth U.S.S 1.4 billion were granted to 808 existing and newprivate investment projects. Of these, around 35 % went to 59 industrialwood producers (mainly saw mills), and over 42 % went to 469 livestockprojects (virtuallv all beef cattle production). Other incentivesadministered by SUDAM included tax 
tax 

holidays and deductions foroperating losses. 17 Such tax breaks have clearly accelerated delbrestationby subsidizing both the initial project development and the on-goingoperations of cattl anchers, as well as the torest-products industry in
Amazonia.

The cattle projects subsidized by SUDAM are estimated to havecaused over 26 %of all forest-cover alteration from 1972 to 1980. Not only
have SUDAM-financed livestock projects enjoyed generous long-term
financing but, at 49,500 ha, the average size of the projects is substantiall.larger than the average non-SUDAM ones (9,300 ha). Thus SUDAM
projects not only have agreater financial capacity to clear forest, but they
also cover larger areas. Yet because SUDAM tax-credit funds are notallocated for maintenance, much clearing is not to increase the total netarea in actual production but to replace already degraded fields. Perhaps20-25 % of the forest area of the Legal Amazon that has been cleared forpasture is economically inactive. >Without such generous subsidies, it is doubtful whether large-scaleranching in Amazonia would be economically viable. In tact, recentfindings suggest that such projects are increasingly plagued by a low rateof implementation and with a high abandonment of pasture, attributed tothe following economic factors: 
i) Without any real appreciation of the land, no form of traditional 
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ranching has a positive real rate of return in the -astern Amazon unless of course they receive the SUDAM incentive,.
ii) Without over-grazing, real land values must appreciate at the rate

of 30 %before the investments become economically viable.iii) Even with improved pasture technologies, a real appreciation of
land of between 15 and 30 ! a vear is required to make tile rate of
return to overall investment resources positive.

iv) Investors can maximize their private returns by overgrazing.
They cannot improve their returns by nvestin., in pasture
improvement. 

The financial analysis of a typical SUDA\1-financed ranch reveals thatthe discounted present value of net returns to the investor is USS
million, nearly 2.5 times the investment outlay. If all subsidies 

1.87 
wereremoved, however, the project would produce anet loss to the investor of 

US$ 0.65 million."'
 
Since 1970, the Brazilian government has subsidized 
 directed andsemi-diiected programmes for small-farmer settlement in Amazonia. Ingeneral, this approach has been portrayed as a politically more acceptable

option than the reform of traditional agricultural lands elsewhere inBrazil. While there are substantial differences in subsidy rates amongsuch programmes  for example, adirected programme might spend USS13,000 per family in direct benefits compared to US" 3,900 per family in a semi-directed programme  there appears to be a positive correlationbetween the consumption of subsidized financin2 and the area of forestcleared. Moreover, the impact on reducing rural population pressure inthe rest of Brazil has been largely superficial; the two largest programmes
are in Rondonia where, by 1980, only 48,117 families had been giveneither permanent or temporary land titles. Yet these two programmes
were responsible for an estimated 6.6 7 of the forest area altered in the
 
Legal Amazon. I!
 

Most of the extensive deforestation of the Amazon 
- over 15 million ha,by 1987 - can be directly related to government-financed programmes
and subsidies, particularly for ranching and colonization. In addition,certain general macro-economic policies - such as the income tax, the landtax, and land titling regulations  are providing economic incentives for 
deforestation. 

For example, aclaimant who lives on an area of land has first preferenceto title for three times the area which he or she has cleared. This right isobtained if the claimant has used and lived on unclaimed public land for more than five years or has squatted on private land for a sufficiently longtime without being challenged by the owner. Contrary to popular belief, 
as there are no vast areas of unclaimed land available for settlement in the
Amazon, small farmers have difficulty in finding "free" land forsquatting. Only corporations and large ranchers have the capital to build 
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their own access roads into the forest, whereas squatters n,:ec to stick clo,to public roads in order to reach health, education andfacilities. So not marketir.oniv do the rules of land allocation encourage rapideforestation by ran hers, as the final amount of land given legal title ismultiple of the area of forest converted to pasture, but clearing land al.provides protection against squatters. This "first come first servedtitling also ensures a rush to claim large tracts of land; plots oi up to 3,00ha are not uncommon. An unintended result of such land allocatioprocedures isthat squatters are more likely to invade small forest reservewhich the forest service is finding increasingly difficult to guard.;-'Similarly, as the land tax can be legallv reduced by a factor of up I 

containing forests is therefore taxed at a higher rate than one containin.only pastures or cropland. Consetouently, the land-tax system provides aiincentive to larger farms which are liable for the progressive tax to conver
their forests. " 

90,% by converting unused forest land for a more productive" use", a farr 

As agriculture is virtually exempt from Brazil's income tax laws, thes(laws provide additional ircentive for land acquisition in Amazonia b,wealthy individuals and corporations - in addition to the already higidemand for land as a hedge against inflation and risky financial marketsHowever, because small farmers or other poor individuals do not benefi"from this tax break but do have to face the higher land prices that resul:from it, they are increasingly squeezed out theConsequentiy, of land marketsthose without land have to resort to squatting on thtAmazonian frontier, and those who do own land are tempted to sell out t,larger landowners. As a result, the income tax 
i) tends to increase the demand for land in Amazonia, to speed upconversion of land for agricultural uses, and to raise the price o!

land;
ii) tends to increase inequality in land ownership holdings. andiii) increases the pace of migration ol poor people to the frontier area,

in search of land." 

SUMMARY AND CONCLUSION 

How soon, if ever, are we likely to see an ecological collapse in theAmazon? This is,ofcourse, extremely difficult to predict. At current ratesof deforestation, it may take 165 to 
 190 years before the remaining 3F
million km- of Amazonian forest is completely altered or defbrested. Thiscannot be considered a reliable estimate given the geographical concentration of deforestation - which has meant some areas experiencing anexponential growth in the rate of deforestation - and the unpredictableeconomic and social forces underlying Amazonian exploitation. 
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More alarming, however, is the prospect that any major environmental 
breakdown affecting Amazonia as a whole may be preceded by a series of 
severe, small-scale ecological disruptions in the heavily detbrested areas. 
"The consequence will be that total annual rainfall will decrease 
considerably when a certain percentage of Amazon fbrest has been 
destroyed, and the seasonaliy, o' rainfall will become more pro
nounced." 4 Given that, at current rates of deforestation, another 15 %of
the Amazonian forest will have disappeared within the next 25 years, the 
ecological and climatic threshold effects of rapid deforestation may
already start manifesting themselves during the next two decades. 

Certainly, for the Brazilian Amazon at least, current economic policies,
incentives and investment strategies are accelerating the pace oftdeores
tation and forest degradation. The two major sources of Amazonian 
deforestation - cattle ranching and small-farmer settlement - can be 
traced to direct government subsidy programmes. The same can be said 
for the new phase of Amazonian deforestation: large-scale agricultural
development based around increased mineral exploitation. At the heart of
this, however, is a whole economic strategy that is biased towards large
landholdings and commercial developments at the expense of small-scale
ownership. It is these complex economic and social roots that need to be 
tackled if the resulting short- and long-term scarcity effects to beare 

avoided.
 

THE GLOBAL GREENHOUSE EFFECT", 

The deforestation ol Amazonia may involve irrevocable disruptions that
could weU be catastrophic to the local ecosvstem and perhaps to many
interregional ecosystems, but not necessarily to the entire global bio
sphere. Di contrast, this sectioi focuses on what may be a globally
catastrcphic ecological disturbance - the so-called "greenhouse effect".
 
This effect is believed to result from an accumulation of carbon dioxide
 
(CO,) and trace gases in the atmosphere that trap the sun's radiation, thus
 
slowly causing the earth's temperature to rise.
 

Most scientists seem to agree that, of the total annual emission rate of 
5.5 to 7.0 billion (giga) tonnes of carbon, fossil fuels are the major source 
- accounting for approximately 5 to 5.2 gigatons.17 Land-use changes in
the tropics are a net source of at least 0.4 gigatonnes but not more than 1.6
gigatonnes, with tropical deforestation accounting for 0.3 to 1.3 giga
tonnes and decreases in soil organic matter for 0.1 to 0.3 gigatonnes.
Perhaps 0.1 gigatonnes is released from the kilning of limestone and 0 to 
0.1 gigatonnes from land-use change in non-tropical ecosystems."

As a result, atmospheric CO, concentration has increased exponentially
from the pre-industrial level of about 280 parts per million by volume 
(ppmv) circa 1750, to about 315 ppmv in 1958, and about 346 ppmv in 

http:gigatons.17
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1985. An upper estimate suggests that the CO, concentratia, [ight h1double the pre-industrial level by [h middle ofthe next centu:a lower estimate implies that this will not occur until after 2luu.

.wherea, 
Recent evidence suggests that the increased emission of trace gases willsignificantly add to any CO, greenhouse effect. Although their contribution is still relatively small, thle atmospheric trace gases that currently havethe largest radiative effects are methane 1CH,;, nitrous oxide (N:0,.tropospheric ozone 0) and the chlorotlurocarbons CFCs .Emissions oiCH, and N,0 are clearly linked to the growth of human populations andagricultural development, whereas the emissions of CFCs (as well as )are largely a by-product of certain industrial processes and products. Asa result of increases M these economic activities, the atmosphericconcentrations of these trace gases are expected to increase quickly. Thuswithin the next 50 vears, the radiative effect of the trace gases may exceedthat of the increasing CO, concentration. CFCs, in particular, will have anincreasingly important impact (second only to CO,, on the greenhouse

cffect. 41 
By including the warming effect of trace gases, the equivalent oidoubling in CO, could occur as early as 2030. By then, 

a 
most estimatessuggest that we could experience an actual increase in present temperatures of between 1.0 to 2. PC, and because the thermal inertia of the oceandelays the full warming effect, we could be subject to an eventual increasein temperatures of 1.5 to 3.11'C. ' 

The greenhouse effect and climatic change: Two scenarios 
Any global warming resulting from the greenhouse effect will probably beuneven, with an increase of only 0.5- I C at the equator, 2-30 at temperatelatitudes, and as much as 4-7"C in the polar regions." The result of suchadistribution may be to shift climatic zones and rainfall patterns. Changesin the seasonal distribution of precipitation within regions could also bsignificant.2 The polar regions could experience the geatest changes inthe long run, and there is the possibility that the polar ice-caps may meltsufficiently to raise world sea levels. It is worth distinguishing twopotential scenarios: the most likely scenario in the short term, of chances
in regional precipitation and climatic zones; and 
a more dramatic longterm scenario of a global sea-level rise.
Table 6.2 shows that, as a result of global warming, the most extremetemperature changes would probably occur during winter in the highlatitudes of the northern hemisphere. In contrast, temperature changes inthe lower latitudes will probably be less drastic and less seasonallyvariable. Although forecasting regional precipitation is full of uncertainties, the most likely outcome is increased winter precipitation in the highlatitudes, intensified rains in the low latitudes regions except in semi-arid- and a decrease in summer rainfall in the mid-latitudes.j; 
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Perhaps the most dramatic recent consensus among scientists has been
that global warming should cause a rise in the global mean sea level. The 
major cause would be the thermal expansion of oceans, possibly
aggravated by changes in land ice. I he sea level has probably already risen 
7 to 17 cm during the twentieth century, although it is not possible to 
attribute this solely t the greenhouse effect On the basis of these 
observed changes, it i- assumed that the predicted global warming of 1.5 
to 5.5°C would lead to asea-level rise of420 to 165 ca. The "best guess
for sea level rise by the year 2030 is 20-40 cm; however, the rise could 
conceivably he as much as 1.5 meters.1 

In an extremely pessimistic scenario, any rise in temperature o12-4'. 
due to an increase in atmospheric carbon dioxide to 0()0ppmv or more. 
may cause the polar ice caps to melt sufficiently to raise the sea level of the
major oceans by 5 m or more." However, disintegration of the West
Antarctic Ice Sheet is not thought to be imminent and, if it were to
happen, would take at least acentury. Yet some disintegration of the West
Antartic Ice Sheet has been observed: along a 1,200-km ice front on the
Sheet, some 500 cubic km of ice are being deposited each year into the sea
in the form of huge icebcrg-. This could result in arise in the sea level of
1.5 mm per year, which has in fact been observed bv independent studies
of global tidal patterns.' These recent trends are inconclusive, and 
further research isrequired before a reliable assessment of the possibility
and timing of this scenario can be made 7 

Short-term effects: Agricultural and ecological disruption 
The most likely impact of any global warming in the near future will be 
on world rainfall distributicn. As rainfall patterns chan~c, climatic zones
will shift and the earth's principal areas of agricultural cultivation and 
vegetation cover will be displaced. 

Agriculture 
As shown in Table 6.2, several major agricultural producing regions may
be at risk from global warming. These include: 

i) 	 the irrigated semi-arid areas of Northern mid-latitudes, particu
larly in the US MidWest;

ii) the lowland areas and island countries of the humid tropics in Asia,
the Pacific and Caribbean that are susceptible to excessive 
precipitation, violent storms and flooding;

iii) the arid and semi-arid tropics of Africa, South Asia and the 
Mediterranean climate of West Asia and North Africa that are 
already vulnerable to climate variability;

iv) rain-fed upland and highland regions, particularly with poor soil 
conditions; and 

v) livestock raising in extreme Northern latitudes " 
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Table 6.2: Regional Scenarios for Climate Change 

Rie on -MzpCrarure chan, Rainfall 
as a nultpl, of e!objf az'e,.. Chan, 

Summer IU'intcr 

High latitudes 0.5x - 0.7x 2.0x 2..I- Enhanced in(60-90 de, 
winter 

,lid latitude,, 0.8x- Lox 1.2x- *4x Possiblv(30-60 deg) 
reduced in 
summer 

Low latitudes 0.9x - 0.7x 0.9x - 0.7x Enhanced in 

pl-ces wah 
heavv rainfall 
today 

Source." Jill Jaeger "The development ot an awareness ol a need to respond to Clirat'- hanie".Expert Group (.i ChmatiLc (.lanc and Sea Lcvel Rise 1ieuer Intitute and Commonwcaith
Secretariat: London. I9-20 .Nav 1988. Table 1. 

Bryson estimated that the 0.1"C rise in global mean temperaturcsbetween 1957 and 1970 1due to ir,.rcased atmospheric C(), should haveled to an 86-mm decrease in annual rainfall levels in the Sahel of' WestAfrica. In fact, the actual decrease in the Sahel over this period was 96mm." Similarly, Glantz and Ausubel have argucd that it atmosphericCO, accumulation increases the frequency, duration and severity ofdroughts in the Great Plans of the U.S., more rapid depletion of watercontained in the Ogallala Aquifer - the underground geological formationof water-bearing porous rocks - would occur. The Aquifer's reservescurrentl, serve eight Western states. Depletion of these reserves couldhave serious consequences "Or agricultural production in the Great Flains,
one of the world's major food-exportinly regions.''
Table 6.3 summarizes the alterations in some of the world's maior riversystems that global warming has caused. All those affected, listed in Table6.3, form the basis of highly productive irrigated agricultural systems.Changes could occur in the flows or storage capacities of these rivers.There could be less surface and underground flow, or more frequentflooding both of which would be disastrous for irrigated agriculture. Inmany countries, these systems have been intensively developed incorrespondence with the precise seasonal variations of delta flooding andrun-off. Changes !n seasonal flows would mean severe disruptions incultivation. Moreover, many river systems do not have adequate watercontrol and management facilities to cope with any variations in flooding 
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Table 6.3: Major River Systems Affected by Carbon-Dioxide Induced 
Climatic Cha.ige 

A. Rivers Experiencing Decreases in Flows 
River Systvem Location 
Hwang Ho China 
Amu Darva Soviet Union 
Avr Darya Soviet Union 
Tigris-Euphrates Turkey. Syria, Iraq
Zambezi Zimbabwe. Zambia 
Sao Francisco Brazil 

B. Rivers Experiencing Some Flow and Storage Loss 
River System Locarton 
Congo Central Africa 
Rhone Western Europe
Po Western Europe
Danube Eastern Europe 
Yangtze China 
Rio Grande United States, Mexico 

C. Rivers Experiencing Increases in Fiows 
River System Location 
Niger Africa 
Chari Africa 
Senegal Africa 
Volta Africa 
Blue Nile Africa 
Mekong Indechina 
Brahmaputra South Asia 

Source. Roger Revelle, "Cirthon dmioxdc and %orld ci mate."Sjewtt, ,Am'rr, n, \ ! 217 1 982' 
pp. 753-9 

or underground storage. For example, in the lowlands of the humid 
tropics, the result could be destructive floodin, in the vast delta networks 
of Thailand, Laos, Cambodia, Vietnam, India, China and Banizladesh. 

A more detailed analsis of the itnpact of temperature rises on the river 
systems of the semi-arid Western and mid-Western states in the US 
suggests that only modest changes in temperatures are necessary ftor
Severe agricultural disruptions to occur. For example, a 2'C warmine 
combined with a 10 T,decrease in precipitation would cause surlace run
off into rivers to decline by betwen 4I0 and 76 ",. For the Rio Grandc,
Colorado and Missouri Riv*ers in particular, the result could mean water
requirements exceeding supplies by 20 to 270 . In the region of the 
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Colorado R,,.er, such climate chanc woulda he particularly severe.Currently in :-s area..- S ,of the rainfall evaporates and only 15 "',(asrun-off')1eds the Colorado River. Even this flow has to be backed up bylarge volume- of reservoir water in order to meet the present agriculturaldemands or t- region.": As noted above, however, tie region's mainreservoir sour;ce - the Ogallala Aquifer - cannot be expected to sustain any
long-term inirase n demand.

With the 'ossible exception of' semi-arid irrigated agriculturc in theWestern and mid-Western US, tile overall impact of ,iobal warming ontemperate aur:.:uiture in tile meid-latitudes of the northern hemisphere isunclear. For example, manv crops tsuch as rice, .vheat. alfalfa, maize,sugar cane arn sorghum suffer productivity losses due to a decrease inrainfall and an.increase in evaporation; this problem may be alleviated bythe increased -hotosynthesis and improved water effic,:Lncv of plants thatcan result from raised CO, leveis.' :.thigher northern latitudes, risingtemperatures may iead to a longer growing season and so to tle possibleexpansion of rain-fed areas. In tile lower latitde zone of the 30 to 60"Nband, agricuiture might be adversely affected because of the increased
evapo-transpiration."; 

It is clear triat farmers in the mid-latitudes of the northern hemispherewill have to respond to any greenhouse effect by modifying seed varietiesand cultivatio: methods, changing crops, and moving agriculturaloperations away from the %orst affected areas. As Oram has pointed out,this in itself may cause significant declines in productivity: first, becauseit is by no means certain that a rise in temperature would enable large newareas of land a: higher latitudes to be brought into cultivation - land athigher latitude, is at thle margin of cultivation and often of very lowfertility, with iow p-I and anaerobic conditions due to low drainage; andsecond!y, as modern agriculture has become more sophisticated, there hasbeer a trend awav from trying to breed for wide adaptability towardtailoring varieties to favourable aitro-climatic conditions."
Similarly, a study by the US'National Academy of Sciences has
concluded that. although the direct impact of CO,enrichment in the US
(to 400 ppmv by the year 2 5 0 0 

i may be to increase yields of well-tended crops by 5 ""the accompanying IC rise in temperature and 5-10decrease inprecipitation may actually produce a negative net effect oiiagricultural production."" Other crop impact analyses also show thatwarmer average temperatures are detrimental to both wheat and maizeyields in the mid-latitude regions of North America and WVestern Europe.Given current technology and crop varieties, a sudden warming- of 2 (with no change in precipitation might reduce average yields by 3to 17 %*rThe sensitivity of the maiginal agricultural lands in the developingworld to climatic change is of the greatest concern. How aglobal warmingmight interact with the increasing desertification of both rain-fedcroplands and rangelands is particularly uncertain in the arid and semi
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arid tropics. At present, 1,300 million hectares (ha) of rangelands (35 %ot 
their dryland total) and 170 million ha of rain-fed croplands (30 % of their 
dryland total) are severely or very severely desertified. That is, they
have lost more than 25 ", of their productivity and require extensive 
reclamation. The areas most vulnerable are the semi-arid and arid humid 
tropics - the regions at great risk from the greenhouse effect. Bv the year
2000, desertification is expected to have accelerated greatly in the 
rangelands of Andean South America, in Africa south of the Sudano-
Sahel region, and, to a lesser extent, in the Sudano-Sahel region and parts
of South Asia. For "'in-,,d croplands, desertification is accelerating in 
tropical Africa, South Asia and South America.' 

Any worldwide impacts on agriculture and human welfare from a 
global warming will undoubtedly be unevenly spread. As Oram has 
pointed out, in analysing these impacts, "the first step would be to look at 
global supply and demand for food with emphasis on cereals for food and 
feed, and on the naJor consuming and exporting countries." The two key 
groups to look at would be the major Northern food-exporting countries 
and the low-income, food-deficit developing countries. Clearly, theability to adapt agriCILUC tu changing climatic and environmental 
conditions will also be distributed unevenly between these two groups.
"In a tight grain situation prices would rise and richer countries would 
have the first call; little might be left for concessional sales or aid. 
Internationally, the major food-exporting countries would probably
benefit substantially; and importers with weak bargaining power, and the 
poor in those countries, especially the landless laboarers, would be the 
chief sufferers."" 

Although the wealthier n;a.ions of the northern hemisphere could face 
drastic changes in areas of arable land. the distribution of water resources 
and the type of products cultivated, these countries tend to have a surplus
of land available for production as well as accumulated surplus stocks of 
some produce, highly developed agricultural R & D infrastructlire and
techniques, efficient marketing, credit and ilformation systems and 
extensive water management and control systems. It is tiore likely,
therefore, that Northern nations will be able'to meet most of their own 
agricultural and food needs despite any adverse climatic and environmen
tal changes. It is also likely, however, that the need for ,,ese countries to 
adjust their agricultural production to such changes may involve less 
production for export and thus fewer global supplies of many essential
agricultural products. In addition, any adjustments to major changes in 
climate, precipitation and temperature will require extensive modifica
tions in existing patterns of cultivation and water management. For 
Northern countries, this may mean diverting resources from other areas
of economic activity and a corresponding rise in the costs of agricultural 
production. 

The most serious repercussions, however, may be on the export and 
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distribution of world food and feed supplies, particularly cereals. Cerealsare the dominant crop in the global agricultural system, and wheat isthemajor surplus food commodity both in world trade and aid. As shown inTable 6.4, the majority of global cereals (including wheat) are produced inthe temperate northern hemisphere. Given the surplus production insome of these countries (e.g., the US, Canada and Western Europe), it isnot surprising that wheat has become a major feed crop in industrializedcountries, and the main fallback for much oi the world in terms of reservestocks and contingency aid. Wheat and barley are also extremelyimportant staple crops in the developing countries of North Africa and theMiddle East, as well as in Pakistan. Northern India and China.By contrast, in the semi-arid tropics - the region of high climatic risk maize, sorghum, millet, pulses and groundnuts are the major staples.However, countries of this region are also heavily dependent on cereal(mainly wheat) imports and food aid.7" Although many countries of thelowland humid tropics - especially in Asia - are major producers of riceand other crops, some of them may cease to be self-sufficient if their mainfood crops (e.g. rice, cassava, sweet potatoes and yams) are adverselyaffected by a greater intensity of rainfall, tropical storms and flooding.This suggests that during periods of global climatic instability, the failureor unwillingness of the food-exporting northern hemisphere producers tosupply, at reasonable prices, the rest of the world with cereal imports oraid may have important implications for global food security.The food-security needs of the very poor in all developing regions, andthe food-deficit low income countries in particular, are vulnerable to theagricultural shocks and stresses posed by climatic instability. Between1980 and 2000, increased total food demand is projected to exceed thegrowth of food output in all developing regions except Asia. This isdespite increases in per capita food production in Latin America, NorthAfrica and the Middle East. Even though Latin America is expected tohave the highest food production per capita growth rate, demand isprojected to increase even more rapidly. With its fast population growth,Sub-Saharan Africa's food consumption is estimated to grow by 3.6 %ayear, substantially outpacing the projected growth in food output. Percapita food production in the region is expected to continue to decline.'Even in the absence of disruptions to agriculture from climatic change.many developing regions will continue to be dependent on food imports.and in some instances external assistance, in orderconsumption needs. The lack of food security 

to meet domestic 
- defined as the access byall people at all times to enough food for an active, healthy life - may,therefore increasingly arise from a lack of purchasing power on the part onations and hua~cholds rather than from inadequate food supplies.,: Thedisturbing facts are that food security is alreadv worsening in manydeveloping countries, despite higher per capita food production; despiterecord levels of world food production and excess supplies, about -0 



Table 6.4: Share in Principal Crops and Livestock of Major Producers in Affected Regions 

(.'Crcds Soi, lkans AMaiz; I1'at Barley ()ats Rice l'otatoes Coffee Cocoa Livestock 

1. 30-50ON 
Canada 30 0.7 1..1 5. 1 8.4 8 1 - 1.0 -  0.7United State, 20.1 62.8 46.1 16.6 6.6 16.8 2.0 5.9 - - 6.2Europe 1.1.7 0.6 11.9 20.1 41.8 32.6 0.4 43.3  - 14.0Soviet Umion 10.1 0.6 1.8 19.2 27.1 34.A 0.6 28.0 - - 10.4(.hina 17.2 9.1 13.6 12.A 2.1 1.4 35.4 5.8 0.2 - 15.26i 1 73.8 74.8 73.8 86.0 93.0 38.4 84-.0 0.2 - 36.2 

1. 0-200S 
Brazil 1.9 17.0 i 7 0.9 .- 0.2hId,on,.,i., 2.2 0.7 0.9 -

2.0 0.7 32.1 20.7 4.8 
- 8.0 0.1 .1. 0.6 0. 1 

.1.! 17.7 5.6 0.5 - 0.2 10.0 0.8 36.6 21.3 5.2 
TOTAl. 60.2 91.5 75.4 71.1 86.0 93.2 48.4 81.8 36.8 21.3 -11..1 

. l. ird II I.rbict,. ".coIIIlIL .iid cm iroiitictitalr a'pcL,, t% I rimg ariSNm doxidte Iccis", paper presented m11the Input (. )LIput RCI IthAssik latin("ote'etcltc. 'hc (;rL-I11 I I I-lEI|e . dih" I'f'niir m[nti .nh1 Input ( )%is, Aal s, I'eiul'rnkc t ullcgc: I 'uml~r tv ti t ( .nlhtidgc. 21)Jtluc 1'ux . 1i.thlc 2 
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million people in developing countries do not obtain enough energy fromtheir diet to allow them to lead an active working life. About two-thirdsof the undernourished live in South Asia and a fifth in Sub-SaharanAfrica; four-fifths live in countries with very low average incomes.:,Although all 65 iow-income tbod-deficit countries identified by theFood and Agricultural Organization of the United Nations FAG) arepotentially vulnerable to climatic instability,: those that have failed toincrease per capita food production are especially at risk isee Ta- ., 6.5).Increasing food production in these countries is essential in ordc: , meetlong-term food needs, as their extremely limited ability to purchase foodimports is unlikely to improve in the near future.Aloreover. data collectedup to 1982 suggest that adequate growth in domestic cereal production inlow-income food-deficit countries and a healthy growth in exportearnings generally go together; both are important determinants of theability of a country to ensure food security.7 Yet, most of the countrieslisted in Table 6.5 have substantial agricultural lands in arid a..: "emi-aridregions or at high altitudes - areas at the greatest risk fro::, a global

warming.
The economic impact of any greenhouse effect will most likely be interms of the rising costs of agricultural displacement and adaption in theface of climatic instability, with potentially grave consequences for thepattern and distribution of global food production and for food security inmany developing regions. As a result, sustaining even minimal nutritionalstandards for millions of people in the Third World will require agenerous surplus of world agricultu.al supplies to be made availablethrough food imports or aid. In recent years, the demand for such asurplus has been steadily rising - during the frequent drought crses it hasshot up. 


rtg
Any decline in production in Northern countries may either perpetuate
a global food shortage or raise food prices beyond levels that many' lowincome importing countries can afford. In either situation, the ability of
millions to survive in the Third World would depend on the political will
ofNorthern countries to ration existing global supplies at lower prices and
to establish an international system 
 of food security for the world'spopulation. Northern countries would not only have to set aside more
economic resources 
 for adjusting their agricultural systems to thechanging global climate and environment, but would also have to be
willing to expend further resources 
 to support a global food-securitysystem and to expand agricultural inv.stment in developing countries.The alternative is to allow developing countries to bear the brunt of thecosts of global warming. 

Forests 
Any. impacts that climatic change had on the world's major ecosystemswould also affect human welfare. This may be particularly true for the 

http:agricultu.al
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Table 6.5: Low Income Food Deficit Countries with Low Food
 
Production Growth'
 

I I'alue added in 
acrcuhture Cereaj imerti .-Ii'erace index oifood 

(millions o 1980 I thousanas ,,I Food atid in cercals I proauctin per capita 
dollars trmne '(thousandsof tonnes 197Q9'q =/00 

1970 /q - 1974 1085 /07417i 1VH4/FH 1983-85 

Ama
 

Angola x .119 177 0 7S 102 
Burundi .68 ;Q S 7 20 1s7 106 
Cen.Afri.Rp. 25t 333 7 17 i 12 10 
Chad -16 x 7 34 20 163 106 
Ethiopia 1,634 1.531 118 986 54 869 97 
Guinea x 805 (,3 140 49 -17 102 
Kenya 1,198 2.263 15 365 2 4W 99 
Lesotho 88 49 118 14 72 93 
Malawi 258 126 17 23 x 5 105 
Mauntania 200 222 115 240 48 135 94 
Mozambique x .177 62 426 31 366 98 
Niger 1,466 1,070 155 247 73 218 96
 
Rwanda 295 h14 1 24 19 56 106
 
Senegal 603 ()i5 3-11 510 27 130 105 
Somalia 589 911 42 344 111 248 102
 
Togo 238 325 6 79 11 23 103
 
Zambia 473 659 93 247 - 112 107
 

Near Eait 
Afghanistan x x 501 10 50 104 
Sudan 1.75.11.511 125 1.082 .16 812 103
 
Yemen,1DR x 119 357 25 100
 

FarEast 
Philippines 5,115 9.I0.1 817 1.524 89 68 103 
SriLanka 812 1.29.1 951 1,071 271 276 98
 

Latin America 
Bolivia 380 196 209 459 22 II 101 
El Salvador 740 8-17 75 224 -1 194 100 
Haiti x x 83 227 25 101 104 
Honduras 477 702 52 9 1 3 1 118 104 

Notes" ' Low-income food-deficit countries as defined b%FA( 11985 ,belos 
x= figures not available 

Sources. FAO. Committee on tommoditv Problems. 5cth Session, /nternational i'rar and 
World Food Security. Rome, 21-25 October 1985. and WI'orld W"rid lDeelopmestBank. 
Report 1987,Washinit. D-. 1987 

http:Cen.Afri.Rp
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major torest systems which are so crucial in stabilizing regional climates.For example, the boreal forests found at higher northern latitudes acrossthe continents of Eurasia and North America are particularly vulnerable.However, current evidence is inconclusive. Some studies indicate thatrising temperatures might cause the boreal forests to be replaced either bycool temperature forest or by steppes, depending on the accompany'ingchanges in precipitation. The generallv warmer conditions at these highlatitudes could possibly lead to large reductions in the areal extent ofboreal forests and a shift toward the North Pole in their boundaries.:7 Incontrast, a study based on Iceiandic conditions estimates a net increase inthe growth of boreal forest systems as the climate warms.-- Nevertheless,any major change in the boreal forests, whether a net growth or adecline,will most probably affect the overall ecological balance of higherNorthern latitudes and lead to important feedback effects between localclimatic zones and vegetation cover.
For the mid-latitude temperate forests in the northern hemisphere, ahigh rate of warming 0.8 to I C, per decade will cause major impactsincluding large-scale forest dieback between 2000 and 2050. The resultwould be that more and more production forests would need replantingand increased management. The additional costs may not be economicallyworthwhile for lormerly unmanaged forests. 7"Furtbermore, there will beimpacts on recreational values if important national parks and wildlife

habitats are decimated. 
There could also be dramatic impacts on the maior tropical forests ofthe world, such as the extensive Indonesian, Amazonian and CentralAfrican tropical forest sYstems. A typical rain forest system such asAmazonia is dependent on oniy small variaTions in averagetemperatures (such as 3 C) and high annual rair*all i:%tich as 

annual 
1,500 to 3,000mm). Changes in these conditions would destabilize the unique climateand nutrient-cycling systems of tropical forests, and may also affectneighbouring ecosystems and climatic zones. As tropical deforestation iexpected to increase over the coming decades, tropical forest svstemr, willbecome even more vulnerable to an,- additional climatic stress induced by
the greenhouse effect. Thus, not only will tropical deforestation contribute in a major way to this greenhouse effect but tropical forest themselves
 

may fall victim to any resulting global warming.'"
 

Long-term effects: sea level rise 
Although the pessimistic scenario ofthe collapse of the West Antarctic Ice 
in global sea 
Sheet may not occur for a century or two, if ever, the possibility ofa riselevels has been taken seriously by many scientists. Even a 
modest sea-level rise could have grave implications, particularly for low,lying, island and coastal nations. This could occur in the following way: 
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The primary effects on coastal environments result from increased 
rates of coastal erosion, salt intrusion into surface groundwater 
systems and coastal ecosystems, and temporary and permanent
flooding, including the risks from storm surges. These, in turn, have 
secondary impacts on agriculture, water resources, commercial and 
residential property, energy systems, transportation systems, and so 
on. These effects can then be evaluated in terms of their -down
stream' tertiary impacts: on human health (e.g., mortality and 
morbidityj, economic loss (e.g., loss of agricultural production), loss 
of valued environments (e.g., recreational beach) and social disrup
tion Ic.g., from storm surge disasters). The evaluation of policies and 
strategies to reduce the potential adverse effects depends on impact 
assessments which integrate these first, second and third-order 
effects.", 

Almost every country with significant regions near sea level would be
affected. For example, even a one-meter rise would require expenditures
of between USS 10 to 100 billion to maintain threatened beaches and 
coastal areas on the eastern coast of the US. A study of the Delaware 
Estuary has shown that over the next 40 years, an additional upstream
reservoir capacity of 136 million m will be required to protect
Philadelphia's domestic water supply from salt-water intrusion.i2 

In particular, low-lying, densely populated countries - assuch
Bangladesh and the Netherlands - will be affected. In the Netherlands, 
existing dikes and other protection against storm surges would have to be
reinforced at a cost of USS 3.1to 8.8 billion for a 70- or 200-cm sea-level 
rise respectively. In contrast, the densely populated and mainly agricultu
ral low-lying Ganges-Brahmaputra-Meghna River Delta in Bangladesh
has always been poorly protected from frequent tropical cvciones, storm 
surges and flooding. If rising sea levels increase the risks of storm surees 
and intensified land degradation, the consequences could be disastrous: 
the combination of sea-level rise and subsidence of the river system could 
flood the Delta region and threaten anywhere between 8 and 24 million 
people?' 

A rise of half a meter would also severelv affect small oceanic islands,
particularly the low-reef islands and atolls. The result could be a 
substantial reduction in island size, and shifts and reductions in 
shorelines. Other direct impacts include decreased fresh-water capacity
due to salt-water intrusion, greater exposure to salinization, and the 
increased risk of sea surge and storm damage. This would mean less land 
available for food production, more extensive food shortages, and ii 
greater risk of malnutrition and other health problems. The eventual 
consequences tor human populations would L-ertainlv be the movement of 
settlements from coastlines, possibly with mass migrations from low to 
high islands, to urban centres, and to continental countries." 

http:intrusion.i2
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The above evidence suggests that a major sea-level rise over the nextcentury, could entail the most signilicant change in global economicsystems and standards of living since tie Industi-Ial Revolution. Any shiftof coastal populations to the remaining land mass areas would lead to anintensification of population densities. Increased population pressurewould in turn place greater stress on the people-nature balance of theseinterior regions, and many areas of pr:-vious;v undisturbed ecosystemswould be converted to replace lost areas of cultivation and industry. Theresulting stress on the biosphere may he unsustaiable. Many regions,

particularly the most overpopulated ones, could suffer from severedrought, lamine and shortages ot essential raw mateiials. The net globalimpact may he a drastiL lowering of standards of living, physical wellbeing and even substantial loss of life.On the other hand, if the rise in sea level is a more gradual process that 
takes over acenur to happen, and one that is carefully monitored andaccurately forecast, then some of the consequences could be a%constructing extensive dikes and water control systems, and by moving 

oided by
populations and economic activities to unaffected areas. Nevertheless,this would still involve major global economic and political co-operation,at significant costs. As always, wealthier nations with better resourceendowments - especially fertile land available further inland and/or abovesea level - will be tempted zo 'look after their own' rather than to assist lessfortunate regions.For all nations, careful monitoring of the sea-level rise- particularly the process of ice-cap disintegratioi - would at least helpthe necessary planning effort and reduce some of the economic costs andsocial burdens of an' future catastrophes. 

Approriate policy responses 
In considering appropriate policy responses to global warming, it isnecessary to keep i mind two additional aspects of the problem: theenpredictable discontinuv of climatic changes and the way in which theymagnify the likelihood of so-called 'natural" disasters.' For example,commenting on the greenhouse effect, Broecker makes the case thatchanges in the earth's climate are more likelv to be sudden than gradual: 

Earth's climate does not respond to forcin n smooth and gradual
way. Rather, it responds in sharp lumps which involve large-scale
reorganizaion of Earth's system. I this reading of the natural recordis correct, then mustwe consider the possibility that the mainresponses of the system to our provocation of the atmosphere willcome in iumps whose timing and magnitude are unpredictable.
Coping with this type of change isclearly afar more serious matterthan coping with a gradual warming y a
Similarly., "in terms ofenvironmental and socio-ec( ,,omic impacts, the
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slow changes in mean climate or sea level may often he manifested as large
changes in the risks of extreme events." For example. "threats from 
future sea level rise and salt water intrusion are linked to cxtreme drought 
occurrence, since existing water resource supply systems are. based on 
past experience, already adjusted to only comparatively moderate 
fluctuations in precipitation and resultant salt intrusion. ' "" Both these 
aspects of climatic change need to be carefully considered in the design of 
policy measures to counter the greenhouse effect. 

Figure 6.2 shows the likely range of policy responses to global warming
and their appropriate stage of intervention In the greenhouse effect"causal chain". Note that the essential trade-off is between doing nothing 
now - which obviously involves smaller current costs but obviously may
incur greater futur, -osts in terms of reducing vulnerability and 
modifying effects - and investing heavily in the control and reduction of 
fossil fuel emissions, or in the more sustainable management of tropical
forests, in order to avoid anticipated future costs. This trade-off is also 
illustrated in Figure 6.3, which indicates that a concerted effort to limit 
the greenhouse effect in advance through reducing emissions for example,
would involve higher relative costs in the present but would avoid the 
costs incurred by forced adaption and residual impacts in the future. 
However, a concerted effort to reduce emissions would at least lower the 
costs of an anticipatory action, such as the building of dikes, water storage, 
irrigation and so forth. 

We are only beginning to understand the nature of the policy options
available to us in the face of aglobal warming; a full assessment of the costs 
and benefits ofeach option isnot yet possible. Nevertheless, several points
crucial to this analvsis arc worth highlighting: 

i 	 There is clearly a 'attingcost tor doing nothing; the best guess is that 
we are already committed to some global warming in the near 
future (e.g., 1.5 to 4.5'C). The longer we do nothing, the higher
will be the future costs of forced adaption and residual effects (see
Figure 6.3). The crucial questions are how large is this waiting cost 
and how fast is it growing over timer 

ii) 	As Figure 6.3 shows, there is also a hi'h cost attachedto the surprise
of an extreme event suddenly occurring. Both the unpredictability 
surrounding the impacts of the greenhouse effect and the tendency
of these impacts to increase the risk of extreme events Suggests that 
we should be careful not to underestimate the probability of I 
surprise occurring or to make inflexible assumptions concerning 
the timing of these events. 

iii) 	 As a result, convetional discounting assumptions may need to be 
modified in analysing the policy responses to the greenhouse cfelct. 
For example, using a positive discount rate in project or policy
analysis virtually eliminates the net present value of cffects 
occurring 30 or more years in the future. The policy analysis must 
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Figure 6.2: Schematic Diagram of the Greenhouse Effect, Impacts
and Policy Responses 
Source: 
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Figure 6.3: Relative Costs of Four Differc-, Types of Effort 
Undertaken in Th ree Different Strategies foi Responding to Climate 
Change
 

LIMITATION ANTICIPATORY FORCED RESIDUAL 
ADAPTATION ADAPTFION 

reduce fpnmaris adius: ic eftects, absorbed costs 
emissionsj 

Pusincss 
asUsual V xx yy'y zzzzz 

Moderate 
Efforts ww .xxx yyy 

Concerted 
Efforts wwww'X y / 

Surpnse yyyyyyv zzZZZ, z 

Comments long lead time vatying lead time no lead time 

Notes: The relative costs are ind:cated bs ss, xV z In addition, th, relative costs ota surprise 
occurrence are shown. 

Units ol Costs: different types ot costs symboizd t)%th, use of -A.x, ,,and z are ucd to 
emphasize that the costs of limitation and of anticipator, adaptation can he monetized Forced 
"iaptation. howeer., would tnvolve both monetized costs ,c4.,costs otrehuildin a Iooded 

village) and unmonetized costsc g.,loss of human tle, ensronmental damae Residual cost, 
will he almost entirely rimonetized 

Source. Jill Jaeger, 'The developmen otan aaareness ol J nreul :o respmnd to climatLc Lhanitc 
Expert ;roup on (Jimatic Chani.e and Sea letcl Rie li iter Institute and L(Ammonwealtti 
Secretzriat London, 19-20 ,Mas 19HH',Fizure 

not always be biased by such a standard result and automatically 
reject options that involve future costs and benefits. Rather, in 
addition to using sensitivitv analysis with different discount rat. 
assumptions, there should a modification of the benefits and costs 
under various contingencies concerning risk, as well as a full 
assessment of the costs of maintaining the sustainabilitN o:" 
economnic activities and essential natural resources." 

iv) The analvst of policy options will need to le aware of both 
monetized and unmonetzed cos:, a'd not to be automaticallv biased 
to consider the former alone. For example, in Figure 6.3, the cost, 
of limitation and anticipator-,- adaption can bc monetized. Forced 
adaptation, however, would involve both monetized costs (e.g., the 
cost of rebuilding a floo&ed village) and costs that are more difficult 
to monetize (e.g., environmental damage, human mortality and 
detrimental effects on health). Residual costs will also be extremely 
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difficult to monetize. A fair assessment of the trade-offs amongpolicy options will therefore require a thorough analysis of bothmonetized costs and those that are less easily monetized. 

The purpose of such an analysis should be to determine whether it isworth investing today in a number of important anticipatory, adaptiveand preventive measures for controlling aglobal warming and limiting theimpacts Of its effects. 
Important adaptz'ie measures would include: 
i)the development of a global food-securitV system while Northerncountries are still able to generate an agricultural surplus atrelatielv low costs;


ii) the provision of additional financial 
 assistance to developingcountries, especially those in semi-arid and flood-prone regions, twhelp them establish a self-supporting agricultural infrastructure,appropriate techniques a.ld improved water management and
control;

iii) the allocation of d'.velopment funds in Third World countriesto expanding food production and sustainable agricultural
development;

iv) a greater international effort to halt the trend of accelerating global
desertification; andv a commitment to humane methods of curbing population growthwhere it inhibits development. 

To some extera, these adaptive measures would lessen the more severeimpacts of the economic and environmental disruptions of human welfarewhich would accompany any global greenhouse effect. They would alsoinvolve economic costs that would necessitate the diversion of resourcesfrom other economic activities. On the other hand, some of these options(such as the commitment to sustainable agricultural development in theThird World; have long been advocated in their own right; thegreenhouse effect just adds force to the arguments in their favour.The total economic costs of all tanse options arc just one estimate of theconsequences that climatic inst-bility and change would mean for humanwelfare. The alternative to paving these costv may be to face the full bruntof these consequences. 
Pre'entivcmeasures would essentiallv involve: 
i reducing fossil-fuel burning, particularly through the developmentof non-fossil fuel energy-source, through improvementsefficiency of exiracting useful 

in the 
energy from fossil fuels, inand

pollution control;
ii) reducing the emissions of trace 
gases from other anthropogenic 
sources;iii) developing technological processes to ",crub", recover and recycle 
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the carbon and other trace residuals emitted after fossil fuels are
 
burned. 

iv) halting unnecessary tropical deforestation through alternative 
development strategies and incentives; and

v) increasing the rate of replanting in deforested areas, encouraging
afforestation and improving forest management. 

To make any major impact on reducing carbon and trace-gas emissions assoon as possible would again mean rapidly instigating these measures bydiverting resources from economic activity, with possibly some sacrificein short-term ecrziomic growth. This may not necessarily be the case,however, for measures that improve the efficiency of fossil-fuel consump
don and thus simultaneously allow overall savings in energy costs.The effective implementation of these preventive measures willeventually require their acceptance by developing countries, whoseconsumption of fossil fuels is continually increasing. However, thesecountries expected invest suchcannot be to in measures withoutassistance from more advanced industrialized nations, either in the form
of specific investment flows or by making the appropriate emission
reduction and non-fossil fuel technology available. With the possible
exception of investments to improve energy efficiency that directlyinfluence costs, one cannot expect developing countries to go it alone inimplementing such preventive measures. Indeed, without a substantial
commitment to adopting such measures in their own countries, advancedindustrialized nations have little moral authority in persuading thedeveloping and newly industrializing countries to adopt them. On thepositive side, these same preventive investments are being linked tocontrolling other global and transnational problems (such as acid rain andthe impacts of CFCs on the ozone layer) which are Influencing public
opinion and policymakers in advanced industrialized countries.

Such problems are vital and plagued with uncertainties over the extent
of climatic change and rises in sea level, and over the sustainabilitv of ourcurrent pattern of global economic activity. This means that there is
usually a rudimentary call for further research. 
 In the case of thegreenhouse effect, the need for research is absolute and, fortunately-,research in this field isgrowing. The next iand most urgent step, however,
is more rigorous analysis ofthe policy options currently available. This, inturn, requires the continuation of three major thrusts of international cooperation in future research. The first is the monitoring of climatic
changes, ocean and atmospheric circulations, biogeochemical and otherecological processes, and changes in the sea level and ice caps. The second
is research into and the development of warning systems for predicting
sudden disasters from climatic and sea-level changes. The third is theanalysis of the costs and benefits of both the impacts of global warming
and the adaptive and preventive measures necessary to ameliorate them. 
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SUMMARY AND CONC:.USION 

Both deforestation in Amazonia and the global greenhouse effect are 
generating the type of short- and long-term scarcity impacts depicted by
the alternative view of natural-resource scarcity. In Amazonia, the loss of 
environmental quality due to forest alteration which is severe in some-
areas - has already led to a deterioration in many of the environmental 
functions essential to economic activity and human welfare. Eventually,
the disruption of the crucial hydrological, nutrient and energy cycles that 
link the integrated Amazonian ecosystem may destabilize the climate in 
this and neighbouring regions. In contrast, the greenhouse effect will alter 
climate on a global scale. In the near future, climatic instability and 
ecological stress could significantly affect world agricultural production
and distribution, as well as disrupt major terrestrial ecosystems. In the 
long run, sea levels might rise - with devastating consequences for island 
countries and low-lying regiuns.

This chapter has also shown how these scarcity effects might be 
ameliorated I'N appropriate policy responses. For example, behind 
Amazoman deforestation is a whole economic strategy that is biased 
towards large landholdings and commercial developments at the expense
of small-scale ownership and sustainable forest management. This 
strategy and attitude towards forest exploitation needs to be reversed if 
the resulting short- and long-term scarcity effects are to be avoided. 
Similarly, to avert the climatic disturbances assciated with a global
warming, a range of preventive and adaptive policy measures may need to 
be implemented. The benefits and costs of twe various policy options, as 
well as their trade-offs with the costs of doing nothing, must be analysed 
further.
 

In short, economic analysis has quite a lot to say about the type of 
scarcity effects depicted by the alternative view - once it isrecognized that 
such effects are real phenomena and truly constitute an economic 
problem. Amazonian deforestation and the global greenhouse effect are 
,ust two examples of the increasing number of environmental degradation 
problems that economics will need to come to grips with in the near 
future. As demonstrated in this chapter, the alternative view of natural
resource scarcity can provide the proper economic framework for 
analysing such problems and their impacts. The next step is to build on 
the insights affordod by this view in order to establish the appropriate 
policy responses ano.strategies. 

NOTES 

1.Norman Myers, 'onser'atn of Tropical Moist Foresiv iNational A..adcmv of 
Sciences: Washington. DC. 1980), defines tropical forests as 'forests that occur in 
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areas that have amean annual temperature oi at least 75 degrees Fahrenheit and arc
essentially frost-free - in areas receiving 2,000 mm or mor, of rainfall Per %earand not
less than 100 mm of rainfall in any one month for two ou. of three %-cars.Thev aremainly, if not entirely, evergreen." Norman Myers, The 'rrmarv ,ource. Tropical
Rain Forestsand Our Future(W.\V. Norton: New York, 1('84), notes that all tropicalforests arc commonly called "rain forsts". However, he :uggc.,, s rbhr true rain forests 
are only those tropical forests that receive at least 4,000 mm of rain annually and atleast 200 mm in 10 months of the year. The more appropriate term ior most tropical
forests is "tropical moist torest".

2. See David W. Pearce and Norman Myers. "FEconomic values and the environment ofAmazonia" in David Goodman and Anthony Hall ieds,, The Future or Amaz'nta:
Destruction or Sustainable Derelopment? (.Macmillan: London), forthcomin2; E-nos
Salati and P.B. Vose, "Amazon basin: A system in equilibrium". Science. Vol. 2(1984), pp. 129-38; and Daniel Vidart, "Amazon roulette: DestrucTton or develop
ment" in IDRCReports, Vol. 10 (1981), pp. 	10-11. The "Legal Amazon- remton olBrazil includes the country's traditional "Northern Rezion" plus \Iato (;rasso and 
parts of Goias and .Martanhao States, It comprises an area ot around 5 million km-,or around 57 % of the countrv. In 1980, the tropical forest zone was almost 3.7 million
km2, or about 67 , of the Legal Amazon. Moist forest proper covered almost 2.9
million km;, or about 57%. There are another 1.3 million km- of tropical forests
located in Amazonian regions outside of Brazil. Venezuela has 0.31 million km.,Colombia 0.27 million km-, Ecuador 89,000 km- and Peru 0.6 million kin. This
makes a total Amazonian forest area of about 4.2 million km. See Pearce and Mvers, 
op. cit. 

3. Myers, The PrimarvSource. op. cit., p. 280. 
4. Salati and Vose, op. cit., p. 129.
5. Catherine (.aufield, Tropical Moist Forests: The Resource, the People. the Threat

(Earthscan: London, 1982); and Darrell Addison Poser, "Indigenous management oftropical forest ecosystems: The case of the Kavapo Indians of the Brazilian Amazon",
Agroforestry Systems, Voi. 3 (1985), pp. 139-58.

6. Cauhield, op. cit.; Philip M. Fearnsidc, "Agricultural plans for Brazil's Grande
Caralas Programme: Lost opportunitv tor sustainable local development?". lr"oril
Development, \'ol. 14 (1986), pp. 385-409; Anthony Hall, "Agrarian crisis in BrazilianAmazonia: The Grande Caraias Programme",.7ourna 'ofDevelopment ) tuah's. Vol. 21
(1987), pp. 522-51; and C. Padoch, J. Chota Inuma, \W. l)e jong and 1. Unruh,
"Amazonian agroforestry; A market-orinted system in Peru", .'lT'rotorestr- S'stemi,
Vol. 3 (1985), pp. 47-56. 

7. Christopher J. Barrow, "Development of the Brazilian Amazon", Alazmink'ra, Vol. 5
(1981), pp. 36-471; Hall, op. cit., and Pearce and Myers. op. cit.8. Dieforestation and Dei'elopment, a newsletter for 	environmental and de,,.iopment
organizations iEuropean Economic Bureau: Brussels, 1982); Norman .Myers, "The 
present and future prospects of tropical moist torests' L:m'ronniental(Cnsemrtation.
Vol. 7(1980), pp. 101-14.

9. For example, although attempts have been made to develop commercial brazil-nut
plantations, many pilot protects have failed because the trees are pollinated bv one
species of bee that, in turn, requires other tree species for feeding when toe nut trees are not flowering. Moreover, as the trees depend for germination on a particular
species of rodent that chews and softens the seed coat of the rit, er zr brazil-nut 
reserves need to be large enough to support abreeding population of this rodent
the seed coat has to be softened artificially. See (lautield, op. cit.10. 	 Myers, "The present and future prospects", op. cit.; Pearce and Mvers. op. cit.; and 
Deforestation and Development, op. cit.

I1. John 0. Browder, Subsidies. Deforestation, and the Forest Sector in the Brazilian
Amazon (A Report to the World Resources nstituie: \Washington. DC., December, 
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1985); and Philip .M. Fearnsidc. "Spatial concentration of delorestation In the 
Brazilian Amazon", .Amob. Vol. 15f1986;, pp. 741-81. See note 2 for the definition of 
Brazil's "Legal Amazon" region.

12. 	 Pcarce and Myers, op. cit. and Salati and Vo,e, op. cit. Pearce and ,Myers, op. cit.,
estimate the amount of deforestation in Non-Brazilian Amazonia to be: 19,000 km' 
f7 %)ofColombian Amazonia; almost ".000 kmi 12 %)ofPcruvian Amazonia; 7,000 
km-' 8 ) of Ecuadorian Amazonia and 1,,000 km 14 ",'bof Venezuelan Amazonia. 
The authors note that the comparatively low rate of deforestaticn in Venezuela is most 
likely due to the countrv's oil revenues, which reduce the incentive to maximize 
revenues from forest exploitation. 

13. 	 Fearnside. "Spatial concentration~. op. cit. 
14. 	 See Food and Agricultural Orcanization t FAOj, TropicalForest Resources Assessment 

Protect FAO/UNEP: Rome, 1982), Fearnside, "Spatial concentration", op. cit.; and 
Myers (1980a, 1980b and 1984). The extent and rate of delorestation and degraaation
in these nuclei of intense activity can be dramaticallv illustrated bv the case of 
Rondonia in Brazil (see Pearce and Myers, op. cit.). It isavast State of244,000 km', 
and in 1975 only 1,200 km of forests had been cleared. From 1975 to 1986, however,
colonial settlement and other economic activities had increased the population by
almost ten-fold from 111,000 to over one million. Thus, by 198"7 a total of at least 
147,000 kin- of forest had been either degraded or deforested - roughly 60 5. of the 
State. If this exponential rate cf destruction ::ontinues, the entire forest of Rondonia 
would disappear by the year 2000. 

15. 	 Browder, op. cit., p. 21; Caufield, op. cit.; FAO, op. cit., and Myers, op. cit. 
16. 	 Robert Repetto, The Forests.1rthe Trees. Gin,ernmeit l'ohicIcs L'nd the Misuse ofForest 

Resources (World Resources Institute: Washington DC, 1988), pp. 74-5. 
17. 	 Pearce and Myers, op. cit. 
18. 	 Vidart, op. cit. 
19. 	 Repetto, op. cir., p.74. For example, wood products account for more than aquarter

of industrial output in four of the region's six states, exceeding 60 % in Rondonia and 
Roraima, but the entire Brazilian sood industr, of which the Amazonian contribu
tion is relatively small, accounted for only 12.9 %of industrial output and 4.9 -' of 
foreign-exchange earmings in 1980. 

20. 	 G.J. Dowling, "Growing goodwill in Ilrzil", Timber Trades .7ournal Hardooi
 
.Supplement, August 1981, pp. 27-9.
 

21. 	 Pearce and Myers, op. cit. 
22. 	 For example, Harald Sioli, "The effects of deforestation in Amazonia". Th;

Geographical,7ournal, Vol. 151 (1985), pp. 197-203, argues that when a certain 
percentage of Amazonian forests has been destroyed, the environmental threshold 
effects "\ ill probably have a disastrous effect on the survival of spared forest areas 
which are intended as *nature reserves' or tie like.' 

23. 	 For example, according to Caufiel.,op. cit., although Brazil's Ildian population was 
an estimated 6- i) million in 1500, it had dropped to one million by 1900, and to under 
200,000 by the carlv 1980s. Ofthe 230 tribes living in Brazil in 1900, onlv 143 survive. 

24. 	 See Vidart, up. .:it. E.H. Butler and C.J. Schofield, "Economic assault on cha as 
disease ",'c'w' Scientis., 29 Octob-r 1981, pp. 321-4, have also established a link 
between the conversion of forest land to pasture and the spread of chagas disease. 
which has already affected 10 million South Americans. 

25. 	 For example, Sioli. op. cit., reports that the carrying capacity of converted pastures 
near the Belem-Brasilia highways decreased from 0.9 to I head of cattle on young 
pastures to onlv 0.3 head after some six 'ears. Because of the declining phosphorous
in soil combined with compaction and weed invasion, cattle pasture is not sustainable 
under the low-input svstem that is generally used among ranchers in Amazonia. By
1981, over 50 % of the pastures established in the Paragominas area were degraded,
and the observed trend is tor ranches to become uneconomic after 5 to 8years under 
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standard low-input conditions, and after 12 to 14 years with adequate manaiemen. 
See Fearnside. "Agricultural plans", op. cit. The same problem of nutrient loss lace, 
cultiation on converted forest lands, especially a,,inan colonists are lnorant o: 
traditional tropical cultivaton skills, do not have sufficient land to practice shiltm 
cultivation sustainablv and olen cannot afford appropriate fertilizers or crops. 
However, Fearnside. cit., mat por economnics pasture fromop. notes the ot 
converted Amazonian forest land is overridden by the use ot cattle pasture as a rap:, 
and cheap means of securing claim to the land for speculative Purposes in the advanct 
of anticipated development and farmer settlement. As will be dilscussed below. u;t: 
economics o cattie ranching are also distorted hv tiscal incentives tl:roueh nutnerou, 
subsidies. 

26. For example, there is evidence that the annual lloo)cjs cpcrilenced i .'\mazonia sim.: 
1970, est'cciallv the high peak flows o 1981 av:d 1982. and tile ciimmnlv reportece 
incid,:nce of river iioodlnt, are connected with tile increasecd dol.orestation o upianm 
areas. See Salati and Vase, op cit. 

27. 	 G.L. Potter eia., "Possible cimatic impact oi tropical detorestation", Naturc. Vol.
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"Albecio rMman, 

(1981 , p. 291 Salati and Vase, op. cit.; and Siolo, op. cit.
 

28. 	 Salati and Vose. op. cit. 
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Salati and Vose, op. cit.
 

30. 	 Delorestanon aria' l-veiupmet, op.cit., and Sioli, op. cit. 
31. 	 Salati and Vase, op. cit. 
32. 	 R.E.Newell. "The Amazon Forest and atmospheric general circulation" il W.H. 

Matthew, ct al. (eds), Man's Impact on te'(CiatU' IMIT Press: C~ambridgc. 
Massachusetts, 1971 . 

33. 	 Sioli, op. cit.. and American Geophvsical Union, 7ournalt iC,,PnvsicalRcscarti, Vol.
 
93 (1988), pp. 1389-99
 

V). Anthony I. Hall, "More of the same in Brazilian Amazonia: A comment of,
 
Fearnsidc". rord 1)cv'Iepmen, \'ol. 1I l9 , pp .111-14
 

.5.Fearnside. Agricultural piaxs"', op. cit. See also Hall, op. ci:.
 
36. Browder. op. cit., p. 0. 
37. 	 Ibid. 
38. 	 Ibid., pp. 21- and 29 Browder note 7i acknowledees that other esumates ol the
 

average size of SUDAM livestocYK protects ranee from a low o 18,126 ha rv
 
SUDAM itsell'i to 28,860 ha. O(n the other hand, for the traditional North region ana
 
Mato Grasso, the average size of cattle ranches is 872 ha.
 

39. 	 Hans P. Binswanger, "Fiscal and leital incentives with environmental effects on ine 
Brazilian Amazon", Discussion Paper !World Bank: \Vashington, DC,May 1987,, 1 
1l. 

-10. 	 Repetto, op. cit., pp. 79-80. It is also notedi that only 20 'of SUDA,'M-lmanced 
livestock proiects market their timber, compared to .17 " of non-subsidized ranche, 
For all projects, this equates to apotential loss o nearly 50,00,(W, in, o roundwood. 
or an opportunitV Lost of t!SS100-250 million. [his isequivalent to "ne eighth to one 
third of all SUDAM tax credits distributed to Amazonian livestock protects from 
1966 to 1983. 

I1. Browder, op. cit., pp. 53-62. 
'12. 	 Ibid.. pp. 10-20. Binswanger p. 18) also notes that "small scale squatters are 

frequently accused of contributing in amaior was to the delorestation. While this may 
be of local importance in several regions, it is probably less of a problem than the 
ranchers ... for the en:: legal Amazon area the bulk o delorestation isaccounted for 
by large private and corporate ranches." The except,mn would be in Rondonia, which 
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isthe revi'on for the major colonization programme,,.43J.Ibid., p. -I 

4-4. Ibid., pp. o.-7 
415.Sioil, op. cit. See also, Salati and Vose, op. cit.
4o. ,in eariier version of 
 this section appeared as Edward B.Barbier, "Economic andtinvironmental aspects o0 rising carbon dioxide ievels", paper presented at theInput-Output Research Association Conterence. lhe Greenhouse Effect, theEnvironment and Input-Output Analysis PIlembroke College; n'nversitv ot Cam

bridge, 29 June 198i17. In 1980, tile deviloping countries accounted for only about 13 ',of global carbonemissions. %%nereas the mdustriali.zc market economies of North America, WesternEurope and Asia accounted for anout 57 ':At current annual growth rates of 0.5for industriahLied countries and b.2 " 
- for dcveloping countries, tiledeveioping worldwould become the major source o(]). emissions by the year 2007. Thus tie policiesand straiceics for development in tilc Third World, particularlv the expansion ofenergy-use for economic development, may be the most signihcant determinant otfuture global carbon emissions. See J. Darmstadter, "Energy patterns - In retrospectand prospect in W.C. Clark and R.E. Munn ieds,, Sustainable )e-eioptcnt oftthe
Btosphtrc Cambridge University Press: C.ambridge, 19861 and R.A. Warrick, P.D.Jones and J.E. Russell, "The greenhouse effect, climatic change and sea level: Anoverview", Expert Group on Climatic Change and Sea Level Rise, (Commonwealth

Secretariat: London, 19-20 May 1988).48. On the different sources otcarbon emission see B. Bolin, B.Doos, J.Jaeger and R.A.Warrick icds, The (reennouse t:jfect, Chmaitc Chance atnd Ecossierns, SCOPE 29'John \Viiev: New York, 1986:; R.P. I)etwiler and Charles A.S. Hall. "Tropicalforests and the global carbon cyclc", Science. Vol. 239, I January 1988, pp. ,12-7; R.M.Rottv, "Data for global CO. production from fossil fuels and cement" in B. Boln*ed.,, Ldrf''n C.vclt. 1loJ ', SCOPE 161 John Wiler: New York, 1981), UnitedStates National Academy ot Sciences iUSNAS,, Chan'tn Chmate: Report of theCarbon Dioxiac Asscssment -om'rnttCe INational Academy Press: Washington, DC.1983); World Climate programme. "Report of the International C)nference on theAssessment of the Role of Carbon L)ioxide and of Other (ireenhouse Gases inClimate \ariations and Associated Impacts" World ,Meteroogical OrganizationVillach, Austria. 9-1; Octoner 1985,. The biggest controversy appears to be over thecontribution that land clearing, particular tropical deforestation, makescarbon emissions. Initial estimates placed it at 
to total 
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cit., cite four reasons for the Lrowm importance to the vreennou.e .tiect of C(.,.
(1)molecule I-or molecule, some are as much as ten tnousand times more effective than 
CO,in terms o their radiative efects '2,most are bhne-inved" i t; c atmosphere. 
t3) they destroy stratospheric ozone, which in turn ma% enhance the preenhouse
effct; and (4 the annual growth rates in atmospheric concentrations ot C:Cs are 
high.
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senously, complicated by uncertainty about the role of the oceans as heat reservoirs.
See John Maddox, "Jumping the greenhouse gun". Nature. Vol. 334 (19881, p. 9. 
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52. 	 T.M.L. Wiglev, P. D. Jones and P.M. Kelly, "Scenario for a warm, high-CO: world".
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Jaeger, "'The 
change", Expert Group on Climatic Change and Sea i.evel Rise .Commonwealth 
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54. 	 See Bolin er al., op. cii.; Jaeger, up. cii.; James Levis. "The implications 1 sea level 
rise for island and low-lying countries", Expert Group on Climatic Change and Sea 
Level Rise Commonwealth Secretariat: London, 19-20 Ma' 1988i: Warrick, eta'. 
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Climate Programme, op. cit. 

55. 	 J.H. Mercer. "West Antarctic Ice Sheet and CO. greenhouse effect: A threat ot
 
disaster", Nature, Vol. 271 (1978), pp. 321-5; Roger Revelle. "Carbon dioxide and
 
world climate",Scintific American,Vol. 2.17(1982", pp. 753-9; USNAS, op. cit.,and 
Woodwell et al., op. cit. 

56. 	 See Bolin e al., op. cit.: Revelle, op. cit.; World Climate Programme, op. cit. 
57. 	 For example, the USNAS. op. cit., study concluded that any polar ice-cap meltini: 
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123-31. The eight Western states are Colorado, Kansas. Nebrasxa. N:w Mexicu,Oklahoma, South Dakota, Texas and Wyoming.

61. 	 USNAS, op. cit. 
62. 	 Revelke, op. cit.
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7 
Upper Watershed 
Degradation in Java' 

On the densely populated island of Java in Indonesia, the area of severelyeroded upland is increasing at the rate of I-2 7; per annum and now coversa total of over 2 million hcctarcs, ha,, approximately one third of Java',cultivated uplands. The population of the uplands isroughly 12 million.Population densities in these areas average 600-700 people per kin,holdings avc;::ging and.4 ha or less. In some areas, up to 20-25 ' of thepopulation are landiess. Yields for upland rice and con average 0.9 to 2.itonnes per hectare. The general pattern is one of poor, predominantlysubsistence households struggling to Ied themselves and to meet othc.rbasic needs by using inappropriate cropping pattems that result in highlevels of soil crosmin on :heir -ainfed lands. Significant erosion is alsocaused by ahsentee and better-off farm owners who cultivate highlyprofitable but erosive crops such as vegetables. .\n additional cause is thefailure to police state-owned tree plantations properly, particularly ir:preventing illegal fueiwood collection and agricultural cony -rsion.-Although natural-erosion rates on Java iresulting from the interactim-.oi climate, bed-rock geology, soils and vegetation, are among the highestin the world, human-induced erosion through inappropriate land use,particularly the continuai cultivation and expansion of annual cropping,
systems on erodable soils) is clearly significant. A recent World Bankreport suggested that upper watershed degradation has led to concernover three dominant cycles of interaction: 

i the on-site effects of' land-use patterns and practices in upperwatersheds on the natural-resource base and on the livelihoods o!upland peoplce
ii) the off-site effects of upland activities on the environmentdownstream and the agricultural, industrial and urban livelihoods

of lowland people; anJiii) the impact of policies. programmes and projects, both governmentof Indonesia ,GOI) and foreign-donor funded, and of privateinvestment on these on and off-site effects. 
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The on and off-site effects of upper watershed degradation on Java arc very good examples of the type of natural-resource scarcitv problems that concen- the alternative view. Instead of focusszng on these effects, th,chapter will concentrate on the third concern - the role of uconomICpolicies, incentives investmentand straterei in controlling uplanderosion on Java. The chapter will examine two aspects of this role inparncular: the incentives for upland farmers to adopt soil-conservatioiz
packages as a means of combating erosion and improving long-term landproductivity and agricultural growth, and designthe of appropriate
policies and incentives to facilitate the control of soil erosion on upland
farms. 

ON- AND OFF-SITE EFFECTS 

Usually, the on-site effects of soil erosion on farm productivity aredisnnguished from the off-site impacts of downstream environmentaldegradation. Both need to be studied and evaluatc,. in any complete
economic analysis -f erosion control." 

The on-site impacts consist ola decline in the yields ofagro-ecosystemsarising from mass wasting, soil and nutrient losses and changes in thewater-holding capacity of the soil. The use of the term "on-site" todescnbe these effects seems conceptuallv appropriate, as they are the usercosts that farmers must eventually lace 1or their choice of land-usepatterns. Bv improved land management and the application of farm andsoil-conservation techniques, farmers be tomay able reduce on-sitceffects, but will generally only do so if the oenefits appear to exceed thu
costs. In addition, however, the erodabilitv or the land and thus the
effectiveness and appropriate choice of land-management and conservation techniques will depend a great deal on the soil's charactLrstics, It'interactions with the climate, slope and topsoil depth. On Java, the recentvolcanic soils are generally less erodable than the more shallow, poorly
drained sedimentary (limestone i soils.

Soil erosion in the uplands of Java is thought to be the maindeterminant of downstream environmental degradation that results Iromoff-site siltation, water flow irregularities and agzro-chemcal run-ofl.Again, the term "'off-site", or "downstream", is appropriate as the cost,of these impacts are external to the upland farm; that is they are not borncby the farmers whose upland agro-ecosystems are causing the problem,.
As erosion from cultivation often takes tne form of sheet, rill or gullkerosion, the off-site effects may be pervasive. They genierally include: 

i) increased sedimentation in reservoirs, rivers, channels, irrigation
canals and other waterways;

ii) the increased irregularity of river flow, resulting in greater flooding 
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after rains and reduced flow during dry periods;iii, human lives, livestock and crops as athe loss of infrastructure, 
result of flooding;

iv,shortage of domestic, industrial and irrigation water supply as aresult of reduced water flow in the dry season;. generai pollution and eutrophication'of water in reservoirs andrivers with resulting damage to water supply systems and inland 
fisheries; andvi progressive obstruction of navigation in rivers, ch,,tinels and
estuaries.' 

To the extent that farmland erosion isa major factor, the on- and off-siteimpacts of upper watershed degradation on Java are one illustration of theeffects, suggested by the alternative view, of natural-resource scarcity. Inthis case, improper land management in the uplands not only leads todeteriorating soil quality and formation in the upper watershed but alsodegrades important environment functions downstream. The result is,onthe one hand, less sustainable agriculture and lower yields in the uplandsand, on the other, a decline in environmental quality in the lowerwatershed with adverse consequences for various economic activities and
welfare.

As upper watershed degradation continues, agro-ecosystems in someupland areas will eventually become destabilizedi and finally unsustainable. This may cause the widespread collapse of tagricultural livelihoocAt the same time, the frequency of flooding, drought and other off-siteeffects may severely disrupt economic activity and populations downstream. In general, the cumulative costs of upper watershed degradation
may be very high.

Arecent study'estimated that the on-site crop productivity losses fromhuman-induced soil erosion on upland farms on Java were USS 324million annually, compared to the additional off-site sedimentation costsof USS 25 to 91 million., However, the authors stress the difficulty inestimating the off-site impauts accurately - paictilarly in separatingsedimentation arising from l"natural" geological and non-farm erosion
from erosion caused by unlahd farming. The'study estimated the off-site
costs of damage to irrigation systems, sedimentation of reservoirs and
harbour dredging; insufficient information was available to assess other
off-site effects. Nevertheless, as 
 a rough order of magnitude, theseestimates suggest that the downstream costs of upper watershed degradation on Java are currently relatively less important than the costs of on-site
productivity.

Whatever the exact costs of soil erosion, it is clear that to reduce themand to encourage sustainable agricultural development in the Javanuplands, a major change in economic strategy is required. There are threeparts to such a strategy: 
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i) Directing increased'investments in,upland weerbhed projects to

reduce soil erosion and raise agricultural productivity through
developing and improving farming systems _.or specific agro
ecological zones and the physical ifrastru%'eurc serving these 
zones. 

ii) Improving the incentives for the adoption of soil conservation
packages, improved farming systems and bertcr land-management
techniques through essential economic policy rcfiwms.

iii) Designing the necessarv institutional framework and plar.ning
K capacity for implementing the desired policy and investment 

strategies. 
The rest of this chapter will focus on the first two parts of this strategy. 

INCENTIVES FOR SOIL CONSERVATION 

The effectiveness of economic policies and investment strategies incombatting upper watershed degradation and sustaining agriculturaldevelopment depends crucially on the incentives for upland farming
households. It is therefore necessary to understand the key economic
factors which influence the decisions of upland farmers about the best way to manage their land and, in particular, about whether or not they seeupland watershed management projects as beneficial and so adopt theavailable soil-conservation practices and technologies demonstrated on
model farms.7 The development of farming systems appropriate toupland conditions and capable of improving soil and water conservation
will not succeed unmess economic incentives are sufficient to encourage
farmers to change their existing systems end land-use patterns. This
section examines the technical packages advocated for upland soilconservation on Java aiid the various economic incentives given for their 
adoption,

The predominant te'hnical approach for combatting upper watersheddegradation on private'lv owned land has evolved from the FAQ-funded
Solo Watershed project (1972-78). In upper watershed areas of tip to 509,%slopes, the basic approach involves subsidizing bench-terrace construe
don through cash wages and/or free agricultural inputs, either directly oron credit. After the terraces are built.( food crops are planted on thehorizontal surface and grasses on the risir and lip to support livestock andhelp control erosion. Farmers are also encouraged to adopt improved
cropping patterns which, together with the introduction of new varieties,
increased inputs (e.g., fertilizer and pesticides) and better technical
information, are intended to improve the net returns front cultivation, For
example, in the Citanduy II project in West Java, farmers were advised
not to monocrop corn and cassava but to switch to growing higher valued crops, As a result, increased returns from terracing have been largely 
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associated with changing crop panerns: cassava production fell from 42.4 
to 12.4 %of the average value per plot, while rice production inereased
from 7.1 to 26.8 %and peanut production rose from 3.4 to 17,8 %,h

Dependence on a single technical package to reduce soil erosion and
improve the livelihoods of upland farmers throughout all the watersheds
of Java isunrealistic. There is agrowing recognition that approaches have 
to be more varied, given the great variability in topographic, soil, agro
ecological and even socio-economic conditions across these watersheds. 
For example, a study of bench terracing and related farming practices in
the Citanduv basin revealed that model farms based on recent and
pliocene volcanic soils have the lowest relative erodabilit, index and the 
highest net returns, whereas those located on the sedimentary derived
(limestone) soils have low returns, and in some cases, actual losses. This
isdue not only to the generally lower fertility of the limestone soils but also,
to the greater amount of labour involved in building and maintaining;
terraces, the higher rate of topsoil lost through erosion and, finally, thl
frequent collapse of tcrraces built on these soils,' During periods of peak
rainfall, inappropriately bench-terraced fields can lose just as much if not 
more soil than adjacent fields cultivated using traditional methods 
(sirpalar to ridge terrac ng),IO

,',,he livestock component of upper watershed projects isalso intended
toincrease household inmome and nutrition, reduce vulnerability to crop
f;jlure and to encouragt farmers to maintain a grass cover on their 
trraces. In general, the intention has been for aproject to provide smallruminant: (sheep or goats) for pifticipants, who are then expected to giveback one or two of the first offspring for distribution to others. In practice,

several projrcts have had difficulty in implementing a jivestock credit 
programme and/or have been unable to make livestock avilablc on site.
Consequently, farmers have had no incentive to maintain 9't'orage cover
crop." The Kali Konto Project in East Java has had more success in
implementing goat and sheep schemes, which are aimed at increasing the
income of the poor, landless farmers. Participants are expected to plunt
fuel and fodder trees in their homeyards and/or on forest land, which they
could also use for their own needs. Some farmers prefer goats to sheep,
biecause the manure isused in onion production, and also because of their
quicker reproduction rate and higher sales prices. Others have chosen
sheep because they require less maintenance, can be fed with low quality
fodder and are considered to be more resistant to disease." 

On slopes greater than 50 %,the basic approach has been to persuade
farmers to grow tree crops rather than annual crops. These would includecloves, fruits, coffee, cocoa and tea, fuelwood for domestic consumption
and sale, fodder trees, and grass under the canopy for livestock, All ofthese would contribute to a cash income. As the main constraint on
developing agroforestry based systems is the long wait before trees 
mature, the usual strategy (as employed in Citanduy II), has been to 
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intercrop food crops and tree species. It would be becttr to LiCelop
farming systems that incorporate a mix ol trees which can he harvested or 
produce fruit at different times and ,ospread income flows throughout
the year. This would gradually induce the phasingt out of annual croppin,
in the mcdium and long run.: In the Kaii k1,tao Protect, a key 
compnnent in the establishment of perennial crop gardens and aizrofore
try systems on steep slopes was seen to ticIhe development of village-evel
nurseries. These are backed up by central forestry and perennial cropnurseries at a sub idistrict level which supplypiantine material requred 
for village land. Thev also train and Cncoura,,e lartners in the establish
ment of nurseries for their own requniemlents aid denonstrate the succc's 
of high yielding varieties. In order to increase the production o fuelw{od.
fruits and fodder in watershed areas, it was considered essential to provide
high quality seedlings in adequate Luantities. at reasonable prices, and 
from nurseries close to the farming population. ' 

In spite of some input subsidies, the introduction of many soil 
corservation techniques to upland farms may require a substantial 
investment of time and money by farmers. For slopes of 50 ' or less, to 
introduce bench terracing often reaures tsignicant input of human 
labour, ranging from about 750 to over 1800 ptc son-days PD) per ha 
depending on the slope. This implies construction costs of between US
420 and ULSS 2,060 pc- ha 1979 prices). In addition, costs of plan,.ng
material, tools and the fertilizer needed to build a terrace and establish a 
crop in the first year average _S 112 per ha (1979 prices;. So the total 
labour and material costs would ran-e from US" 560 to USS 2,075 per ha 
(1979 prices). These estmates do not include tile additional costs to the 
farmer of periodic maintenance of terraces, waterways and drop struc
tures. For farmers to add an intensive livestock svstem to terracing, the 
cost of establishing a 'grass cover on terraces is approximatelv ,'SS 72 per

ha for material (1979 prices) and 
an extra 2-5 PD per ha, if120 ofeach 
hectare is in terrace risers alld lips .\ mature temale sleep or goat costs 
about USS 70.-

It is generally assumed that the iabrour for constructing the terraces i,
provided by the farmer durini the dry season. :\ssuning a four-monh 
dry season and a holding of 0.5 hectares, a single Larmer could provi'e a 
maxinum of 100 PD each dry season. This is tar short of the terracing
requirements of approximatel' 7, low slope to over 900 isteep slope,
PD per 0.5 ha holding. Alternativels, during a 100 working-day period, a 
farmer could only terrace 0. 1.1 ha of low slope and 0.06 ha of steep slope. '
 
The total labour requirements for terracing may therefore mean addi
tional cash expenditures on hired labour. Thus from the farmer's point of 
vIew, the costs of terracing not only imply forgoing his own income
earning opportunities - either in off-1arn employment during the dry 
season and/or less labour time devoted to crop and farm production - but 
also additional expenditures on material and possibly livestock costs. This 

http:plan,.ng


I6(m I:'cc tpomid, .\',auri-l'~cs,:; .' cJr~lt ' ,wziI)cz eli 'P',n,:' 

;uggess that the adoption oI terracin.-based technology for soil conser
vanon may he limited to nousenolds with the cash available to hireadditional labour, to those with more than one adult male member tosupply labour and wealthier households that can atord to forgo wage
employment during the dry season. 

In Gubugklakah, Java. theEast only relatively wealthy farmersengaged in pre, iraole commercial apple production iapproximately USS3-6,000 per .%Lar profits, 1986 prices) are able to afford to construct theextremely effective back-sloping tied ridges capabl, afconserving topsoiland reducing erosion rates to less than 10 tonnes per ha (voicanic middlesoils with a slope profile oil4 to 8 decrees'. "Similarly, a survey of farmerswho ,lid not aUopt bench-terracim te,:hnology in the Citanduv watershedof WNest Java revealed that 87 ' of the . cspondents cited lack or money asthe reason fbr not constructing terrace.; Calcujations of the net presentvalue of the gains from terracing in th Citanduv II project suggest that,to the extent that terracing costs are around US.S 500 or less 1984-85prices), farmers could be expected to adopt terracing without subsidies,'"
One advantage of a livesto-k-based is thatsystem owning smallruminants provides an opportunity tor the household to use its own, oftenchild, labour which has a low opportunity cost. On the other hand, inorder to feed small ruminants by cutting grass along roadways and onother public land, the household must devote one hour/animal/day in thewet season and two hours/animal/day in the dry season. Under theseconditions, flock size seldom exceeds four to eight animals per household.By establishing grass intensively on terraces, households are able either toraise a greater number of animals with the same labour input or to raisethe same number or animals with perhaps only 20 %of the labour requireduider the extensive cut- and-carr- system." With terraces alreadyestabliaiicu, a farming household can significantlv raise prodcictivirv fromamimal husbandry with a relatively small additional investment in terms of

labour and material costs. 
As noted above, on slopes greater than 45-50 K, the recommended soilconservation strategy is for farmers to take land out of annual food-crop


production and adopt an agroforestr.-based system to produce tree crops
for a cash income. For upland farmers, however, there is an additional
wr-ing cost of three or more years to be bome between the initial year oflaid preparation and planting, and the eventual maturing and harvestingof the trees. For example, although ,ltliziu falcata is considered arelatively fast-growing tree with economic potential for fuelwood, sawnlumber and supplementary dry-season forage, harvesting for fuelwoodcannot begin before three years (five years for sawn logs), and it takes fiveyears or more for cumulative returns to exceed the initial preparation andplanting costs of around USS5 100/ha (1982 prices). Similarly, thepreparaticn and planting of Glvncdia requires 7.5 PD per ha andsubsequently 3.5 PD per ha for maintenance, as well as a material cost of 
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around USS 45 per ha 1982 prices). Farmers, however, have to wait until 
the third year before making the first cut, and it is not until the fifth year 
that harvests reach their full economic potential around USS 300 per ha 
per year - 1982 prices)."2 This suggests that adopting agroifrestry systems 
may be extremely difficult for poorer farmers who are dependent o,, 
extremely small landholdings for food production and who have no 
alternative cropland or employment opportunities. On the other h'mnd. 
farmers wt'.. are relatively well-off, who have sufficient lower sloped
cropland to grow food on and/or who have access to off-farm employment 
opportunities may he able to afford the "waitim cost- associated with 
agroforesr-. investments. secuitv of land tenure i', an additional 
determinant as to whether upland farmers are willing to bear this "waitin-, 
cOst".
 

Given that upland farmers face significant costs in adopting soil 
conservation measures and changes in farming svtcms, they arc unlikely 
to make changes in their }and management unle!: they can see an
 
economic advantage in d,)ing so. In addition, the more productive or
 
profitable the land use, the more farmers will be willing to maintain and
 
invest in better land-management and erosion-control practices. Higher
 
productivity and returns will also mean that farmers can afford to
 
maintain terraces and other conservatic: structures and to continue with
 
labour-intensive erosion control measures. On the other hand, poorer

upland farmers dep.ndent on l1w-return cropping systems, such as maize
 
or cassava, may be aware that soil erosion is reducing productivity but
 
may not be able to afford to dopt conservation measures. At the other
 
extreme, farmers with very prufitable crops that are extremely erosive,
 
st,.h as temperate vegetables on steep upper volcanic slopes, ma, not
 
consider soil conservation measures if their returns do not appear to be
 
affected by soil erosion losses. Thus tie relationship between the 
erodability and profitability of different framing systems on different soils 
and slopes is an important determinant of whether upland farmers adopt 
a soil conservation strategy. As shown in Figzure 7. 1, this relationship 
varies widely across Java. 

ECONOMIC POLICIES AND INVESTMENT STRATEGIES 

The main factors in determining the willingness of upland farmers to 
invest in improved land-use management practices are: 

i) They are not wil'in to modify their land-management practices 
and farmiig systems unless they see an economic advantage in 
doing so. 

ii) This -economi: advantage" is largely determined by increased 
prodilctivity, and thus net rc;turns from working the land, although 



other ractors may also be significant. For examplc, the abilitearn greater returns Irom off-arm employment, the insecurit, ofto 
land tenure, poor transportauon and marketing facilities andinadequate intormation on available technology, inputs and facr-
Ing methods.iii) Wherc the, see a direct economic advantage :n doing so, farmersappear responIsive to new information provided by research andextension services on optimum input and output mixes to achievegreater productivit\.. 

In general, some scope exists or complementary economic policies andinvestment strate,-ies that both enhance agricultural development in the 
Uagrculursuplands by inctrcsig larmers' incomes and productivity, and so reducedeelpmn intasntheersthe economic pressures to deplcre the land and accelerate soil erosion. Tointroduce them, howe'er, may require a re-orientation of agriculturalpolicies and resources directed iowards lowlands rice production in order 
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to meet the very specific needs of upland agriculture. It is also clear that
for such a reallocation of resources to be successful, it must also be
efficient. The input-subsidized and production-oriented targeting
approach for each commodity that, as part of the Green Revolutioi,. was
successful in achieving rice self-sufficiency in the eariy I980s, would be
costly to replicate for the uplands of Java.

The highiy diversified soil conditions. topography, and agro-ecological
zones that comprise the uplands, which are often characterized by non
contiguous smallholdinzs with mixed cropping patterns, are not ideal for
mono-cropping rice, maize, soya beans and other maior crops. Gonse
quently, instead of trvin, to direct cropping patterns and areas to be
harvested on a single commodity basis, attempts should be made to
control soil erosion effectively, and to boost the productivity of the varied
and appropriate mixed cropping, agroforestrv and silvo-pastoral systems
that would be appropriate under these di,'ILrse upland conditions. That is, 
a more flexible approach to farming systems may also be the most cost
effective. To complement this approach, the immediate priorities for
investment in the uplands are for research and extension to support the
development of appropriate upland-farming systems, and for nuilding up
the physical infrastructure of the uplands, such ruralas transport,
integration of markets, and post-harvest technology and proccssing

Given the current climate of slower economic growth, rising external
debt servicing and reduced development expenditures in Indonesia,
increasing government investment and subsidy programmes (for -rriga
tion, fertilizers and pesticides, higher yielding varieties (HYVs}, m--age
ment and credit) which currently are predominantly for rice production,
 
are becoming a financial burden. Extending these policies to the uplands

would :ncrease this financial burden, which, in any case, may be an

inappropriate and costly way of achieving agricultural diversification and

upland agricultural development. \With Indonesia now producing rice

surpluses that have resulted in high storage costs and subsidized exports,

there is ciearly acase for introducing a phased reduction of these subsidies
and reallocating futds towards research, extension and infrastructure for 
the uplands.22 

To understand this need for a reorientation in policy requires a brief
review of existing agricultural policy and its impact on the uplands.

Agricultural markets in Indonesia are complex, and although govern
ment management is pervasive, the degree of intervention varies signifi
cantly from market to market for the various crops cultivated. For
example, the rice market is tightly regulated, with the government of 
Indonesia (GOI) procurement agency, BULOG, maintaining floor andceiling prices through its accumulation and control of inventory stocks
and imports. BULOG has been active in the markets for sugar, corn, soya
beans and wheat, although mainly in restricting imports. In addition,
exzremely' i.igh effec.,ve protection rates exist fOr fruits, vegetables and 

http:uplands.22
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dairy products as a stimnulus to local production, which tor the most partis not traded internationall i contrast, there has traditionally been littlegov'ernment intervention in the markets for cassava, groundnut:. sweetpotatoes and minor legumes mungbeans, pigeon peas, ctc. ), "w'hicharealso predominantly non-tradcables. However, the GOI is currentlyencouraging the expansion o .cassava so as to fulfil its EEC export quota,and increased production of-groundnuts to substitute for import-. \Withdeclining world prices, the (30 has relaxed its export taxes on tree crops,whose domestic prices are heavilv infiluenced k' world market,. Themaior export crops in Indonesia are rubber, palm oil, coffee, te Imaccoand pepper.

One indicator of the incentives 
 to domestic production afiordcd bygovernment intervention is the nominal protection rate (NPR i- tne ratioofdomestic producer prices to border prices. The NPRs for rice and cornvaried considerably between positive and negative levels over the 1972-85period, whereas over the more recent 1980-85 period, the real protectionrate for rice did not change, and for cassava it only increased by 8 Y.Despire the var'ing degrees of GOI market intervention for these crops,the implication is that price distortion in these markets hassignificant. In contrast, the mainly positive NPRs, for soya beans, andparticularly for sugar over 

not been 

1972-85, suggest that import controlslifted domestic prices well haveabove world levels. The collapse in worldcommodity prices has significantly eroded the nominal and real incentivesto domestic producers of export crops. In the past, effective protectiverates for dairy products, and fruits and vegetables have been as high as221.4 and 208.9 ', respectivelY.'Current GOI pricing policies and general market trends have reinforced the profitability, of horticultural crops and, to a lesser extent, ofsoya beans, livestock products and groundnuts. Rigid import controls, aheavily protected domestic pricing structure and stringent area targetin,,have all been used to expand smallholder sugar production on Java. Ilcontrast, incentives for increased rice production have come less fromproducer prices, which have been declining in real terms, but from inputsubsidies. This in turn may have depressed prices for the less desirable
staple substitutes produced mainly on rainfed lands, such as corn and root
crops. As these three basic staples are strong substitutes in consumption.especially among the rural poor, the declining price o. rice during the
1980s in turn depressed the demand for the two less-preferred substitutes.
In recent times, however, the price of cassava has rebounded, doubling in
1985 and again in 1987. T"his largely reflected the GOI's determination to
overcome domestic shortages and to procure sufficient supplies to meetthe EEC export quota.-; Although export crops have suffered fromdeclining world prices, the revaluations of 1983 and September 1986 havesomewhat restored Indonesia's relative competitiveness in many export
markets. 
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This agricultural pricing structure has significant implications for thesustainable development of the uplands on Java and the economicincentives for upland farmers to improve their cropping systems and landmanagement. Although there are important regional variations in trends,on the whole over the period 1976 - 86 across Java, the farmer terms oftrade for paddy have declined sharply. For secondary food (palawtjacrops they risenhave unly marginally, except for more significantincreases in Central Java. For commercial crops, the fall in worldcommodity prices has generally depressed farmer terms of trade whereasfor fruits and (especially) vcgetables, farmer terms of trade have increaseddramatically. With the exception of the recent price rise for cassava, thesetrends may, in the long run, encourage upland agricultural production tomove from less profitable, relatively income-inelastic basic starchy staplesto more profitable, income-elastic commodities such fruits, animalas 

products and tree crops.
As noted above, the increasing profitability of agriculture is animportant incentive for upland farmers to invest in soil conservation measures and improved land-management techniques, althoughincreased profitability alone may not be sufficient to induce conservation.Farmers may also be encouraged to adopt agroforestrv and livestock

based farming systems that protect steep slopes as fruits, animal products
and tree crops become relatively more profitable.

In contrast, the higher farmer terms of trade and tnerefore profitabilityof vegetable crops and suga: cane may actually be a disincentive to soilconservation. As the average returns to these highly commercialized andinput-intensive crops increase, share tenancy and absentee ownershipbecome more common, which can reduce the incentives for long-terminvestments in improved land management if tenancy arrangements areinsecure and if the objective of absentee owners is short-term profitmaximization or land speculation. In addition, the increased profitabilityofvegetable crops means that farmers are encouraged to cultivate them onsteeply sloped volcanic soils, where water run-off, and therefore soilerosion, are grcater. Similarly, although the system of controls for sugarhas stabilized prices, eliminated imports and increased productionIndonesia has no comparative advantage in this crop. Consumer prices to,refined sugar are three times the international price, and sugar productionoccupies a significant proporion of the scarce irrigated land on Java. Theextra costs of expanding domestic sugar cultivation to about 1.8 milliontons are estimated to be USS 125 a tonne, or USS 225 million per ycar.--Finally, the recent and rapid rise of cassava prices is worrying, as someupland farmers are switching back from more protective farming systemsbased on livestock rearing, agroforestrv and annual multi-cropping, to 
cassava grown on highly erosive soils.

A key factor contributing to environmental degradation and lowproductivity on marginal uplands is the failure of farmers to adopt the 
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appropriate farming and cultivating systems for diversethe agroecological conditions found here. In ord-r for such diversified smallholder production systems to be viable on marginal lands, improvements 
in tile ,uairv and marketing of smallholder production, particularly ofpotentially traceibl, crops and of import substitutes, are necessarv. T'heability of farmers to make these improvements and investments, particularly in agroiorestry and livestock based systems, will in turn depend on
the returns from their marketing efforts.

Although the combined effect of the 1983 and September 1986devaluations has substantially improved Indonesia's relative competitiveness in a number of important agricultural exports, current evidencesuggests that improvements in terms of trade are not directly benefitingupland farmers. The considerable market power of exporter associations,licensed exporters and approved traders and other marketing intermediaries means that the farmers, despite the devaluations, are paid littlemore for their coffee, corn, cassava, spices, pepper and other smallhoidercommodities. " , In general, the farmers of the rain-fed dr-lands whichpredominate in the uplands of Java, tend to have lower producer marginsthan those growing crops on the irrigated lowlands. For examplc.producers receive 80 to 85 ")of the retail price for rice, 70 to 75 K of theretail price for sova beans and only 60 to 65 % of the final price for corn,which is predominantly a dryland'crop.-
Not only have farmers in lowland irrigated areas benefited substantiallyin the past from disproportionate investments in marketing and transportation, but because in the upiands farmers tend to have holdings that aresmall- scale and scattered over small and isolated plots, transportation andmarketing inefficiencies are increased. In addition, as they have limitedlabour and capital, very limited market irzformation and more mixedcropping systems yielding smaller volumes of inCividual crops, uplandfarmers are less likely to engage in marketing activities and more prone toprice discrimination by marketing intermediaries. In the Citanduv RiverBasin, West Java, only 10-20 % of clove and peanut farmers either dry
their crops or transport them to sub-district sellers.-"


Agricultural input subsidies in Indonesia amounted to around USS 725million in 1985. The current effective subsidy for fertilizers rc farmer, i
about 38 % of tile farmgate price (a weighted average of the subsidy rntcs,
for TSP and urea). For pesticides, the rate is more than 40 %. Irrig4i:,:h
attracts as 
much as 87 K, and credit is given at an implicit rate of 8 "' (based on 1985 average commercial rates and outstanding public credit to 
agriculture).

The policy of heavily subsidizing agricultural inputs was one of thehallmarks of the Green Revolution rice self-sufficienzv strategy of the1960s and 1970s. Thus, the bulk of these subsidies has benefited thelowland irrigated, mainly rice-producing areas of Java, South Sumatra.South Sulawesi and Bali. As a result of maintaining high input subsidieS 
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over the period 1970 to 1984, the area of hiigher yielk.ng varieties rl-IHYs 
has expanded from t08 to 6.8 million ha. On Java, the averace area planted
with HYVs has reached 94 '; the irrigated area has increased from 3.7 to 
4.9 million ha; the distribution ei subsidized fertilizers from 0.2 to 4.1 
million tons; and the distribution of subsidized pesticides from 1,080 to 
14,210 tons.-

With the current emphasis on agricultural diversification, these 
subsidies are increasingly being used to stimulate production of non-rice 
crops - notably sugar, cassava, maize, palm oil and sova beans. Assuming 
no change in policy, the total costs of these input subsidies is anticipated
to increase as they are gradually extended to airiculturai cultivation on 
marginal lands, including upland areas. F:r example, rain!cd crops on 
Java (with the exception of high-value veget.bles, fruits and estate crops
still tend to use relatively lower subsidized inputs than irrigated rice and 
sugar. On the other hand, rainfed (drvland) crops appear to use relatively 
more organic fertilizers. ' Although the yields and net returns of intensive 
irrigated rice on Java are substantially higher than those for drvlard crops,
this does not necessarily imply greater efficiency in the use of inputs. For 
instance, with the exception of fertilizer use on maize, non-intensive 
irrigated paddy and the predominantly rainfed staple c-rops appear to have 
lower per unit costs of pesticide and fertilizer usc than does intensive 
wetland paddy. This would suggest that subsidies are encouraging the 
over-i cof these inputs in intensive wetland rice cropping. Moreover, per
unit irrigation costs for wetland rice are strikingly low, given that 
irrigation accounts for 91 % of the water use on Java. Finally, the greater
availability of HYVs for irrigated rice may account for the much higher 
use of purchased seeds in intensive irrigated rice cultivation compared to 
other crop production.I' 

Over-use of fertilizers as a result of the subsidy is a substantial problem.

particularly in lowland irrigated areas. With the consumption of fertilizer
 
increasing on average by 12.3 % per annum over 
1980-85. the current rate
 
of fertilizer consumption - 75 kg per ha of arable land - is much higher

than in other Asian countries (e.g., 32 kg in the Philippines and 24 kg in 
Thailand). In some areas of indonesia, applications of urea can reach
200-250 kg per ha. Given that fertilizer comprises less than 10 % of the 
production cost of rice and that the largest production response is
achieved at relatively low levels of application, the current high rice
fertilizer pricz ra:io of 1.5-2 will continue to encourage inappropriate
application and waste, with little increase in the output of rice." 
Moreover, providing subsidized fertilizers to cultivators of marginal lands 
may be counter-productive. These farmers will apply relatively cheap
fertilizers so as to increa, 2 their yields thanrather consider more 
expensive but environmentally sound methods such as green manuring,
niulching and composting to maintain soil fertility. Thus fertilizer 
subsidies are a disincentive, at least in the short run. They discourage 
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farmers from lacine tie lull cconoicll costs of dechnin,. soil lertilitvparticularly from ,,oii erosion, and Iroill responding witi sound landconservaton measures. For example in N adas. East lava. farmers anpresently usinz over 1.000 ke of subsidized chemical fertilizer,, per hectarito produce tvo lO-tonne potato crops. These y'ields arc less than one halof what could be attained wih improved soil-management technique,
and green manuring. Recently, as farmers come realizehave to thaiincreased fertilizer use was not oflsetting.yeld ,eductions, the- havL 
returned to using organic iertilizers.' 

The (1OI has recently hanned the use of 57 pesticides and is NLann1 an inteizrated pest-rnanagement programme with the World Bank and theFAO_. However, the current subsidy lcvels will probably continueencouraize inappropriate ar'J excessive 
to 

use o pesticides. In fact, the banwas a belated response to the latest plague of rice brown planthopper.
This was associated with the misapplication of pesticides which havewiped out natural pest predators, parasites and pathogens. .\ majorconcern is that the pesticide subsidies will discourage traditional methodsof eradicating pest_ and make integrated and biological pest controlrelatively less attractive to farmers. Subsidized pesticides encouragefarmers to treat fields prc, 'ntively even before an economically damaginginsect population is present, causing natural enemies to be killed andfreeing pests le.g.. brown planthopper, from natural control. Even ricevarieties normally resistant to the brown planthopper, such as IR-W6,have been known to be "hopper-burned" (severe;v damaged by brownplanthopper feeding) when treated too often wih insecticides.

In Northern Sumatra, the population dersitv of brown planthoppcribetween 0.5 and 40 per plant) rose directly as the number oi reportedinsecticide applications. In live areas experiencing hopper-burn, farmers 
were treating fields sEx to twenty times in four to eight weeks without anysuccess." Although fiscal outlays lbr pesticide subsidies have beenreduced, prelimnarn. indications suggest that the costs of these subsidies are being shifted from the official budget to the operations of parasta.alproducers, who are financing it through additional borrowing.

The high level of subsidy for irrigation - USS 401 million spread overapproximately 4 million ha - is also causing problems of over-use. Totalspending on operation and maintenance 10 & \1 has been reduced bbudget cuts, and the supply n, work has been jeopardized by the failureto recover any significant amount of the costs of irrigation. Failure to
maintain the irrigation network will, in the long run, translate into lossesof agricultural productivity, which will be exacerbated by any waterscarcity problems caused by over-use. As municipal and industrial usescontinue to expand, the allocation of scarce water supplies will become iipressing problem in the near future. 

Despite implicit credit subsidies, public liquidity credit is estimated tomeet only 15 Whof the demand for credit by farmers; the other 85 This 
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obtained informallv at an interest rate i around W "'.Small iarmers. 
particularly those outside the lowland irrigated areas, are cspeciallv 
dependent on such high cost, informal sources of fund. .Moreover. 
although sugar production accounts for only 1.3 ",of the value of totai 
crop production in Indonesia. in 1985 over 50 ",of subsidized liquiditv 
credit went to sugar growers. : 

These distortions in the credit market and the general lack of muiti
purpose credit at affordable rates with medium- and long-term payback 
periods, are seen to be major constraints on the sustainable deveiotmen: 
of agricultural lands. They limit particularly the adoption oi impro-ed 
soil-conservation and land-management techniques on marminal iand-
For example, investments in bench terracing re*uire amecdium-tcrm roan 
for at least two years and short-term loans ior succeedim vear,. 
Agroforestry requires long-term loans Ior at least seven w :,s. Differen: 
rates and terms are required for various private smallholGr investmept, 
in marketing, transport lacilities. post-harvesting rechnoiogie. and 
quality improvements. " 

As the producer prices for the major food crop,, (rice, corn, and until 
recently, cassava) in Indonesia have generally followed the underlying 
trend in world market prices, there seems little need to change pricing 
policies for these crops. Improvements in quality and yie!d in upland soya 
bean production and of other higher valued upland crops may. in the long 
run, be a more effective way oi increasing farmer incomes than the current 
practice of maintaining domestic prices well in excess of world levels. On 
the other hand, high effective protection rates for vegetables and sugar 
production arc counterproductive in terms of promoting improved soil
conservation practices in upland area,, and may benefit the richer rather 
than poorer upland farmers. 

To encourage the spread of agroforcstrv and livestock-based foraze 
systems, particularly in the uplands of Java, may mean a continuation of 
some restrictive import control for perennial fruits and animal hu,
bandry products. Hlowever, in the long run, Indonesia will need to 
develop export markets for certain products, such as tropical fruits. This 
will require a gradual dismantling of policies to protect domestic 
production. In general, for all export crops vital to sustainable upland 
development fe.g., coffee, cloves, tea, cocoa. ctc.), not only must 
international competitiveness be maintained by aa effectivLe exchange
rate policy, but monopolistic trading practices must htciemoved to allo% 
the benefits of improved terms of trade to reach upland smallholdcrs. 

Current agricultural policies - particularly input subsidiv, and invest
m-nt strategies for research, extension and infrastructure - are still largely 
biased towards lowland irrigated agriculture, especially rice cultivation. 
Nk\t only does this imply an under-investment in other agricultural areas 
that are currently absorbing labour and could potentially yield higher 
growth and incomes, but it also artificially overvalue- the contribution to 
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agricultural development of the lowlands, compared with :he contribu
tion of these other areas. The high-input subsidies also encourage 
wastetuincss which is the direct cause of some environmental problems. 
They also act as disincentives to the proper management of land and water 
resources. Moreover, as Indonesia now produces rice surpluses that result 
in additional higvh costs for storagve and subsidized exports, there isclearly 
a case for introducing a phased reduction of these subidieds and 
reallocating funds towards more urgent agricultural investments, such as 
sustainable agricultural development in upland areas. 

Reducin, or eliminatim, input subsidies and reallocating research and 
extension funds could, in the short term, release ti SS 275 miion annually 
for investment in more sustainable agriculture Assuming a gradual 
phase-out of the tertilizer subsidy and a fourfold increase in both research 
and extension ,udg.ts, this could increase to as much as US'. 525 million 
per y'ear. Thus, the bllowing investement programme would be leasiblc: 

i S 35-40 million - Integrated pest management IPM, for 
brown planthopper control, gradually to 
be extended to IPM for other pests. 

ii) S 40-45 million - Increasing the availability of general rural 
credit, particularly to marginal farmers, at 
affordable rates and with multiple terms. 

iii) S 60-240 million - Research and extension to develop and 
support new farming systems and land
management techniques appropriate to 
the marginal (mainly drvland and swam
pland) sedentary agriculture in the Outer 
Islands and the uplands of Java. as well a, 
shifting cultivation. This would include 
tth. development and dissemination ot 
new varieties appropriate to diverse agro
ecological conditions, research into pest 
and. disease outbreaks, and improvement, 
in smallholder estate crop systems. 

iv) S 140-200 million - Investment in: a) further improvements in 
farming systems for specific agroecologi
cal zones; and b) improvements in the 
physical infrastructure serving these 
zones, including rural transport, integra
tion of markets, credit i..ilities, post
harvest technology and ;rocessing, and 
produce qualitv. 

Such an agricultural strategy does not necessarily mean sacrificing the 
overall government objectives of food self-sufficiency arid agricultural 
diversification. On the contrary, it may be crucial to the achievement of 
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these oblectives. Indonesia rice production. whih accounts zor about 70"' 
of the total tood-crop area harvested. alreadv occupies the most iertile 
lowland areas on the islands of Java. Bah. Southern Sulawesi and 
Southern Sumata. he lmts on expandIn'_' :rrIated rice production and 
increasinig vield, on these fertilc lowiand, ,ug1_cst that ;azricultural 
resources there are alreaJy being exploited at or near thcr *uli potential in 
production levels. 

In contrast. the low yields in the upiand areas w* Java "tem froni 

cropping systems, land-manaizemnt 1eCIILIuLlC',. linput package', and, 
above all, research and extension advI nappropriate 1or thL morc 
diversified and fragile aro-ecoioincai condit ion , Iound WI tnc',e I-nd' 
Nevertheless, drvland - mainly upland - ioo, production accounts, tW 
nearly two-thirds or more o1 naize cassava. '.wect potato and peanut 
production, and around 40 ",of ,oya bean production on lava Ce "Fable 
7.1). The tota' drvland area plantc.. with paddy and secondarv crop, oI,, 
Java amounts to about one-fifth oi the total harvested 100d p'rLUtIOnI 
area in Indonesia. Food production on the marinnal drvlands ofJava alone 
may contribute over 3 ", of' GDP and aihout 15 ".of agricultural GDP 
Moreover, Table 7.2 indicates th: yields In .0od production could he 
substantially increased, particularly on dryiand areas,. by overcomine 
inappropriate land-management, c:opping-svstem, and research and 
extension techniques, as well as other constraints. 'his suggests that the 
potential food production on Java's drvlands ,ould he almost 25"'.greater 

Table 7.1: Area Planted of Paddy and Secondary Crops. Java 19Si 

II t'tianJ 1)rvta,: 1",ta. /lnj(rdon .., 

(ha iII ha 

Paddy .1756.i 129.7 508.2 9902.-
M aize 541.9 1403 1, I ,15 _, 2-139 t) 
Cassava 25. 7tQ 7)2.; 1291 ' 
Sweet Potatoe, J0.1,1 5, 2 256 
Peanuts 123.8 2.'57 ;69 10. 1 
Sova bean, "78 f, 23h 0 t,17 5 496.2 

TOTAL "86.> ;0.13 So 10 .; 15296, .1 

a 2 Area flar.enied 

' S. ur-. BPS, I'rtsuCti,,n ,t C'rragiI 7,1 1na, 94, d '" Sru.tmr,II O l f ', I ldd and 

Palawita, 1985. Jakarta 
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Table 7.2: Indonesia - Main Constraints on Production and Potential 
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than current output (See Table 7.3), On highly erolable _'.#is (c.g.,
limestone clays) and on slopes greater than 50 5, switcig fr m annualfood cropping altogether to perennial tree crops a-id livvtock-based 
systems would significantly Increase the economic po ential or severelN 
degraded uplands. 
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or Increasing the Yields of *taor Food (rops 
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SUMMAlR 1'A'ND) CONCLULSJON 

The on- and off-sire ipacts or upper watershed degradation on Java 

illustrates the relative and potential absolute natural-resource scarcityreffects suggested by t aaltrnative w s thi s chapter has emphasized. 
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Table 7.3: Actual and Potential Production of Major Food Crops, 
Java 1985 

A, "Vii r,)douct, n rodul4 ,,: 
'00f) h" : n, 'nm's' 0., I '0011 '11)(7 tnn,)'i ' 1 

;29 7 1 7, '.I, 576.97i h39.6l,
M aize I..0 I., 17 2.1 2, sb. 12 2.9.17. i. 
S.assavj 70n 1' 12 7.592. ! ' .4 32.87 
""eel i'taia .l., "7 -, h .6sI5 ,

Peanut. (1) 
 I 2" 23 . 1 , '07.12: 
'sovreai,, 2 t 1, 215 01 2,2.7'. 

'Iold] ., - I.0.1 I.I. I77. tI1.4 2.47 

Fron i'rederick C. Rocl. "Sustamiahle tarm devcbopment in lava'%critical land%: i, a -reei. 
revolution really necessarv"' l):vimn ol Nutritional Science,, Cornell Univerjitv. I9 7 
"Fable 12, p. 11) 

Assumes a II "' increase, as suggested hv Table 72 

,Sourc,': Tables 7.1 and 7.2 except where maicated. 

it is necessary to understand the economic incentives determining
farmers' decisions over choice of crops, farming systems and land-use 
patterns in order to design an appropriate investment and policy strategy
to overcome these impacts. A ma;or reason for the failure of the current 
strategy is its disincentives for upland farmers to invest in improvements
in their land management and in agricultural systems, and soil Lnd water 
conservation techniques that control erosion. Moreover, isolated soil and 
water conservation proiects are not sufficient to deal with the problem of 
upper watershed degradation. What is required are complementary
policy reforms as part of a positive strategy for sustainable agricultural
development in the uplands. 

Thus, the key to sustainable agricultural development in the uplands o1 
Java is appropriate marketing, post-harvest technolog. and processing.
rural credit, research and extension, seeds for high-yielding varieties 
(HYVs). transport, and other infrastructure and institutional invest
ments. Therefore, what is really needed is a commitment to integrated
rural development combining economic incentives through appropriate
pricing policies, physical infrastructure and institutional investments. 

The additional value of investments in physical infrastructure in rural 
areas is their capacity, directly and indirectly, to generate off-farm 
employment. For example, in the lowlands of Java, the rural infrastruc
ture built to accompany the rice-based development strateg allowed for,
additional employment in trade, transport, private construction and 



Upper lFatershedD,,gradaizon in 7aza 181 

services that especially henefited the landless and those with marginal 
holdings. Greater investment in infrastructure in the uplands of Java 
would also have important income-gencrating and employment multip
lier effects. So, too, would the establishment of' more processing and 
transportation in rural areas. This would allow local produce to be stored, 
moved to nearby or distant markets, sorted, graded and packed for 
domestic and export markets, and processed into both food and industrial 
products. "" 

Although there is some evidence that the availability of off-farm 
income may lessen farmer)' attachment to the land and hence their 
willingness to invest i:"improved land management. tne effective co
ordination of physical infrastructure invc tment with a-ricultural and 
rural development should expand overall incomes and employment 
opportunities sufficiently to ensure that the maioritv of households would 
use these addition,,, resources to invest in and improve their land. 

NOTES 
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USAID: Citanduy, Ciamis, Indonesia, May 1v861.5. World Bank, Indonesia - Java WI-atersheds, op. cit. Off-site sedimcn.ation mav alsoyield some benefits, notably the provision of .en' trt!e silt for agricultural activity'downstream. Although there is anecdotal evidence of these benefits for the lowerwatersheds of Java, this effect has not -en formally studied and valued. It may beextremely important in some areas. A, i result, an, evaluation oithe otf-site costs ofupper watershed degradation should aiso look at this and any other potential benefit 
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Conclusion: An Economics 
of Sustainable 
Development 

The implication,, oz Natural-Resource Scarcity Ir welfarc have alway,been considered an economic problem. As,at different times. economist,have seen scarcity in different functions of' the environment. economicperspectives or views of it necessarily change.This book has primarily been concerned with these changing economicperspectives. The main theme has been that the emergence ofa new clas,of scarcity problems - products of cumulative andenvironmental degradation often irreversibi - demands an alternative view ofresource scarcity. Therefore. naturalmost of the book has been taken up withexploring the main differences, as well as the similarities, between morcconventional approaches to envircnmental and resource problems, and an
alternative approacti. The previous two chapter.
specific illustrations have tried to provide
of the
welfare, and 

type of scarcity effects, their impacts onthe policy implications to whichparticularly applicable,. the altcrnative view i,The last chapter, discussingupper watershed degradation the problem oton Java, focusses mainly on appropriatepolicy responses. The ultimate aim of such a response must cearly be tocounteract environmenTal dceradation and foster more sustainable economic
But development.

what exactly constitutes "sustainable" development and whatmodifications and resrtrnts does it require of economic-environmentalinteractions? What new developments in economic analysisrequired to help policvmakers are in turn ensure that a developmentinherently "sustainable- path isHow far are we along the road towards aneconomics of sustainable development and how much further do we have
to go?
 

SOME DEFINITIONS AND CONDITIONS 
The broad objective of sustainable economic development is to find theoptimal level of interaction between three systems - the biological and 
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resource system, the economic system, anu the social system - through a 
dynamic and adaptive process of trade-oils.1 This optimal level would 
therefore be the most sustainable development that these three crucial 
systems can support. To be truly useful and operational however, 
sustainability must be applicable to all forms of economic and social 
activity, ranging from agriculture and torestrv to industry and human 
settlements. At the moment, this goal needs to be made more concise. 
systematic and rigorous before it can usefully be applied inpoilcvmakg 
and planning. 

Nevertheless, a broad consensus does exist about the conditions 
required for sustainable economic deveiopment. Two interpretations are 
now emerging: a wider concept concerned with sustainable economic. 
ecological and social development; and a more narrowly defined concept 
largely concerned with environmentally sustainable &elopment (i.e..
with optimal resource and environmental manaizement over time . 

The wider, highly normative view cf ,ustainable development 
(endorsed by the World Commission on Environment and Development,
defines the concept as "development that meets the needs of the present
without compromising the ability of future generations to meet their own 
needs".' More specifically, a sustainable development approach 
particularly as applied to the Third World - requires that 

the strategies which are being formulated and implemented are 
environmentally sustainable over the long-term, are consistent with 
social values and institutions, and encourage "grassroots" participa
tion in the development process.... In general terms, the primarY
objective is reducing the absolute poverty of the world's poor 
through providing lasting and secure livelihoods that minimize 
resource depletion, environmental degradation, cultural disruption. 
and social instability. 

In contrast, concern with optimal resource and environmental manage
ment over time - the more narrowly defined concept of environmentally 
sustainable development - requires maximizing the net benefits of 
economic development, subject to maintaining the services and quality of 
natural resources. 

The term "natural resources" should be interpreted in the broad sense 
used by the alternative view of natural-resource scarcity isee Chapter 5.. 
It includes renewable resources such as water, terrestrial and aquatic 
biomass; nonrenewable resources such as land, minerals, metals and fossil 
fuels; and semi-renewable resources such as soil quality, the assimilative 
capacity of the environment, and ecological life-support systems." 

Note that maintaining the services of a natural capital stock does not 
necessarily imply maintaining the physical stock intact which, in any case, 
may be neither desirable nor feasible. By definition, any positive-use rate 
for exhaustible resources will physically "deterioratethis total capital stock. 
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However, it is possible to maintain tile value of the services at some 
approximatcly constant level whilc allowing the stock of exhaustible 
resources to decline. This calls for increased technological change to 
enhance ervironmental quality and the level of environmental serViccs,
and the removal of incentives to deplete resources in an unsustainable 
fashion. 

Sustainable deveiopmenr also implies caution in assuming that an 
irreversible loss of the natural capital stock is justified if it results in the 
formation oi more reproducible , manufactured) capital. As stressed 
throughout this book, some of the functions of the environment are not
replicable. such as complex life-support system',, biological diversit',
aesthetic functions, micro-climatic conditions and so forth. Others might
be substituted but not without unacceptable cost. In addition, degrada
tion ofone or more parts ofa resource system beyond some threshold may
lead to a breakdown in the integrity of the whole system, dramatically
affecting recovery rates and the resilience of the system. The total costs of 
such a breakdown may often exceed the value of the activity causing it. 

Harvesting tropical forests is a valuable activity. Continual depletion
and degradation of a forest system, however, might impair nutrient and 
water cycling, soil composition and run-off and energy flows. The 
cumulative result may be a breakdown in the ability of the forest system
to recover and regenerate sufficiently to avoid damage to micro-climatic 
conditions, soil and water conservation, and to the general ecological
stability and resilience of the forest system and neighbouring agricultural
systems. Clcarlv, developing economic indicators of sustainabilitv - or 
alternatively, improving economic analysis of this type of scarcity effects 
- isessential to the goal of sustainable development.

To ensure environmentally sustainable development, economic 
decision-makers must design policies, investment strategies and incentive 
structures that can deal effectivelv with the type of scarcity effects 
emphasized by the alternative view. In general, there is a need to 
recognize the importance of the irreversible effects of development and of 
the valuation of any benefits lost through the reduction of the natural 
capital stock in such a way that its flow of services is affected. Thus, the 
first step in devisimg economic indicators of sustainability is the proper
valuation of the economic consequences of natural-resource degradation 
over time isee below,. 

Ultimately, the lull integration of environmental considerations into
development obiectives must a convergenceimply between the two 
interpretations of sustainable development. Then one can clearly consider 
as sustainable dcveloment any economic activity that raises social welfare 
with the minimum amount of environmental degradation allowable
within given economic, social and technical constraints. This is not to 
argue that the wider interpretation is superior to the narrower or v'icc 
versa. However, it is clearly apparent that tackling the problem of 
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environmentally sustainable development is a necessary precondition to 
understanding the conditions required to achieve overall sustainable 
development. lhis is particularly true for economies and economic 
systems in developing countries which arc dependent on the exploitation 
of natural resources. In these countries, the efficient use of natural capital 
stock is essential for maximizing current efforts towards development. At 
the same time, sustainable use must be the foundation upon which 
emerging structural developments i,industry and services can safely and 
continuously be built. 

Simiiarlv, in the case of agriculture - or more accurately agro
ecosystems - the application of the concept isself-evident as these systems 
are directly dependent on environmental resources and essential ecologi
cal functions for sustainabilitv. This becomes apparent if we take 
Conway's more specific definition of agricultural sustainabilitv as 
discussed in Chapter 2: "the ability of a system to maintain its 
productivity when subiect to stress or shock". The unchecked abuse of 
resources within an agro-ecosystem (whether as a result of the inapprop
nate use of agro-chemicals and fertilizers, the overcropping of crodable 
soils, poor drainage, etc.) can affect the overall sustainability of the agro
ecosystem by increasing the susceptibility to stress, shock, or both. The 
key lies in reducing the degradation of resources and, therefore, the 
stresses and shocks associated with it,to a level where the natural 
processes and functions of the agro-ecosystem - appropriately subsidized 
by human-made inputs and innovations - can counteract these disturb
ances and so preserve overall sustainabilitv." 

Of course, the crucial clement in all this is that the productivity of the 
agro-ecosystem isessential to human livelihoods. In developing countries 
in particular, we are really talking about sustainable livelihoods. 
Chambers points out that this requires "a level of wealth and of stocks and 
flows of food and cash which provide for physical and sociai wellbeing and 
security against becoming poorer."" This quickly gets us back to the wider 
concept of sustainable development, in which the appropriate balance is 
struck between the need for the poor to gain better livelihoods against the 
needs of future generations. Consequently, especially in rural settings in 
developing countries where livelihoods are dependent on the productivity 
of agro-ecosvstems and its equitable distribution, we come back to 
Conway's view of agricultural sustainability. We must therefore consider 
the appropriate trade-offs among, on the one hand, ensuring the long
term sustainabilirv of such agro-ccosysters and, on the other, the 
potential sacrifices tif any) in short-term pioductivit., stability and 
equity. 

We are also back to Page's conservation criterion for ensuring 
intergenerational equity: if the opportunity of equal access to natural 
resources is a condition for each generation's survival, or at least a 
condition for achieving "sustainable livelihoods", this suggests a perman



188 lEconomics, ,\aturai-esourct Scarcity and DiceIiopmcnt 

ent livabilitv criterion cnsuring that the resource base is kept intact. Thatis, unless all generations can bc made better off by degradation of the resource base, then it should be managed as though it were jointly owned 
over time..:
 

This implies that the resource base 
 itself must be equal across
generations. In physical terms, such a rule is clearly self-defeating as anycurrent extractions of non-renewable resources will reduce the stockavailable to future generations. On the ether hand, as argued by Pearce,if the resource base is viewed as a composite of renewables and nonrenewables, if users are indifferent about which is 	 used, and if therenewable-resource use rate never exceeds the regeneration rate, thenexhaustab!es can safely be diminished by current generations.': Limitinguse of renewable resources within regeneration rates should allow thesteady substitution of renewables for non-renewables over time, as stocksof the latter decline and increase in relative scarcity. As a result, thecomposite stock of resources can be maintained across generations.

Maximizing the benefitsnet of economic development, subject tomaintaining the services and the quality of the stock of natural resources over time, is an essential criterion for sustainable development. As Pearceand others have consistently argued, this criterion means observncertain biophysical constraints.''That is, if the resource base is acomposite of exhaustables and renewables rincluding semi-renewables
and waste-assimilative capacity), sustainabilitv requires: 

i)utilizing renewable resources at than orrates less equal to the
natural or managed rates of regeneration;

iiu 	 generating wastes at rates less than or equal to the rates at whichthey can be absorbed hy the assimilative capacity of the environ
ment; ar

iiii 	 optimizing the efficiency v"'h which exhaustablc resources are
used, as determined by the rate at which renewable resources canbe substituted for exhaustables and by technological progress. 
Failure to obey these constraints will lead to a process of environmentaldegradation as the resource base is depleted, wastes accumulate
natural ecological processes 	

and 
are impaired. In turn, this will lead to thekinds of natural-resource scarcity efiects suggested by the alternative 

view. This of course assumes that: 
ii 	the services, or 	functions, of the environment are essential to the 

economic system:
ii) there are insufficient substitution possibilities between reproduc

ible capital and these environmental functions; andiii) these environmental functions are not augmented by a constant 
positive rate of techniral Profress. 

The conditions governing the optima; trade-off between environmen
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tal quality and consumption over time have been analysed in various
models of economic-environmental interaction.; ' Although these modek assume some form of environmental degradation, and thus implicitlyassume the transgression ot biophysical constraints by the economic 
system, no attempt is made to examine explicitly how an economy migh:
respond to the limits imposed by tnese constraints and hence the optima;
conditions for sustainable economic growth.

In contrast, a simple model developed in the appendix to this chapter
characterizes the conditions necessary to 	 maintain the environmentai
sustainabilitv of an economic system over time. The results of the modcI
indicate that the initial level of environmental quality as well as the rate o:social time preference are significant factors in determining the optimal
choice between sustainable and unsustainable zro' th. For example, with

initial low level of environmental quality and a highan 	 rate of socia!
discount, environmentally unsustainable economic growh may be anoptimal strategy, as the benefits of increased consumption occur in thepresent whereas environmental degradation and collapse is a future
problem. Moreover, the initial level of environmental quality influences
the minimum bound on discount rates, so a historically lower initial levelof environmental quality leads to a high rate of discount and vice versa. 

SUSTAINABLE DEVELOPMENT AND ADVANCED 
ECONOMIES 

The concept of sustainable economic development is certainly relevant toadvanced industrialized countries. That is, the continuing emphasis onresource-intensive, growth-oriented development in these countries has
culminated in the following pattern of resource allocation: 

* 	a decrease in the labour/output ratio (less labour per unit of output,:
* 	an increase in the capital-intensity of production (requiring more 

investment per unit of output);
I 	an increase in the long-term use of energy and raw materials per unit 

of output; and 
• 	 an increase in environmental degradation and ecological stress.' 

In short, the continued substitution of capital and natural resources
labour Ii the production process is a 

for 
pattern of economic development

that may be unsustainable, in the long run. If advanced economies seek toincrease economic growth in this manner %,ithoutadequately analysing
the trade-offs in terms of lor u-term sustainability then problems of high
unemployment, resource scarcity, environmental degradation and misal
location of capital resources may"get worse. 

In fact (as Chapter 6 illustrates in the case of the greenhouse gasproblem), even if the advanced industrialized economies manage to slow 
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down or steady their current rate of use of zlobal resources. this May nobe sufficient to avert the damage ah-bad inflicted on the maosrynAlready, with grlobal problems eu had in.iw othbisherc
such as the greenhouse effect, acici raintropical deforestation and so forth, face crucial choices of trade-off,between resource-intensive 

we 
growth and more sustainable resource useWith the current global economic development path modelledresource-intensic, on th,growth-oriented development of the handful nisuccessfullh' industrialized advarnced economics, the world is hard]-,ensuring the criterion of intergenerational equity.Moreover, this resource-internsive growth path is hardly equitable forpresent generations either. As Table 8.1 shows, the advanced economics- with only 26 '!'of the world's population  consume a disproportionateshare of global resources. To bring developing countries' energy consumption up to industrialized country levels by 2025 would rccuiincreasing global energy use by a factor of five. In terms ofindustrialization, a five to tenfold increase in manufacturing output - and therefore aninevitable rise in resource demand - will be needed just toconsumption of manufacturing goods by 

raise 
Third World countries toindustrialized -world levels.17 The crucial question is whether the globalresource base - including its assimilative capacity - can sustain theseincreased demands as long as the advanced economies continue to hang onto their disproportionate share.Certainly, it is desirable that the industrialized nations contin1erecent shifts in thethe content of their growth towards less material andenergy-intensive activities and to use their technological capacity toimprove the efficiency of energy and material use. Neverthe!ess, it is clearthat profound transformations, i.e. committed policies to and incentivesfor resource-saving development, are required beyond what has alread\ 
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been achieved. For example, between 1973 and 1983 - during the era ofhigh natural gas and oil prices - energy consumption per unit of GDP inOECD countries dropped by 1.7 %annually, and the general productivityand efficiency of resource use has improved over the last two decades. IIAtthe same time, however, total energy consumption in OECD countries
still grew by one per cent between 1973 and 1983," which means thatthese countries' per capita energy consumption has hardly been dramat
ically reduced (see Table 8.1). With energy prices now falling in realterms, an even greater policy commitment is required if energy saving is 
to be accelerated. 

The key issue is that there appears to be no automatic economic
mechanism on the horizon for ensuring a more sustainable pattern oi energy use in advanced economics. There have been no technologicaladvances to produce energy (e.g., backstop technologies or the discoveries
of new resources), nor do the present market mechanisms for fossil fuelswork properly to curb consumption. Hence, there is an economic
rationale, from a sustainability point of view, for a greater policy
commitment to energy saving.

Such a commitment - if it is seriously to be about shifting advancedeconomies to a resource-saving development path - will inevitably requirethe reallocation of economic and environmental resources to differentpatterns of use. This will cost more than simply stimulating the samepattern of resource use (i.e., the current structure of growth-oriented
development) simply to produce more. There is no magic solution. Thereallocation of' resources called for involves real opportunity costs that 
cannot be avoided. 

The costs of reducing resource use and pollution in advancedeconomies - marginal though these reductions may seem - has been high.In the US, pollution abatement expenditures for manufacturing

amounted to 3.3 % (iftotal new expenditures (S 4.53 billion) in 1984; for
chemicals it was 3.8 (S 580 million). For steel in Japan, suchexpenditures accounted for 21.3 % of total investment in 1986 and for
around 5 % currently. 2uClearly, much more new investment in improving

resource efficiency, pollution abatement, 
 materials recycling, wastetreatment and environmental improvement services is required inadvanced economics, even though it may come at the expense ofstructurally neutral investment to stimulate economic growth. Forexample, technologies to remove sulphur and nitrogen emissions from
coal combustion may increase investment costs by 15-25 %, which is
bound to affect the end-use price of energ, and thus the costs of economic 
production in general.

The crucial question really becomes whether advanced industrializedsocieties are willing to pay these costs for a transition to a more resource
saving development path. On the one hand, public concern for theproblems of environmental degradation and - perhaps more importantly- the increasing acceptance by more and more individuals of the need topay for measures to overcome these problems, suggest that advanced 
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economics may willing makebe to a more rapid transition to a
development path that conserves resources.
 

On the other hand, 
as has been stressed throughout this nook, thescarcity effects generated through environmental degradation tomanifest them3elves outside market forces as 
tend 

ecological stresses and
shocks. They are not easily amenable to -the measuring rod of money".Moreover, these effects are often cumulative and interactive. As a consequence, we still know very little about their impacts on ecological
functions and resource systems and therefore about their implications foreconomic activities and human welfare. Given such uncertainties, it iNdifficult to sort out the economic costs and benefits of alternatie choice,
for investment. For example, whether the sulphur emissions of coalburning plants should be reduced by 30 ' or more, whether research into
renewable energy supplies should be subsidized, whether recvcling would
be encouraged by a selective tax on raw materials, and so on.

These and other key economic questions need to addressedbe ifadvanced industrialized countries are to commit themselves decisively towhole-scale structural changes for a more resource-saving economy.'Up
to now, such political will has been lacking. This is not surprising because,
until very recently, for the populations living uvithin the advanced
industrializsed countries, the permanent livability criterion for inter
generational equity has more or less been met. That is, each subsequent
generation living within these countries has been assured access to arelatively intact resource base. However, it has been kept intact
through conserving resources 

not 
but through extending consumption tinclude more and more of the elobal resource base. In the absence ol

conservation, the disproportionate consumption ofworld resources is theonly means of guaranteeing an effectively intact resource base. Upon this
foundation is built the alluring dream of material wealth that advanced 
countries have always offered their citizens.
 

In the last decades of the twentieth century, 
we now know that further
extensions of the resource base may no longer be possible. The first albeit only brief- indications of'this were probably the energy crises of the

19 70s. Perhaps the real lasting indications are the scarcity effects 
 o
cumulative environmental degradation highlighted in this book. To thi>
must now be added the increasing - and necessary - resource demands of
developing countries. 
 lutting all these concerns together may vet induce
sufficient political will in the advanced economies to make the transition
 
to a more resource-saving development path. Let us hope that this is the
 
case.
 

SUSTAINABLE DEVELOPMENT AND DEVELOPING 
ECONOMIES 

The growing recognition that environmental considerations must be
incorporated into development strategies is starting to have some 
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influence on policymaking and planning in developing countries. This 
may appear to be a curious (and dubious) trend, given that the resource 
demands of these countries are increasing and that purely economic 
development goals - such as generating foreign exchange earnings,
increasing agricultural production, servicing debts, etc. would suggest-
a short-term policy horizon. 

On the other hand. direct dependence on natural-resource exploitation
to sustain economic livelihoods ismost evident in the Third World, where 
in some regions the combination of poverty, unequal distribution of land
and other resource assets, and demographic pressure have led to over
exploitation. Moreover assuming no change in the distribution of land 
and other resource assets) the number of subsistence farmers, pastoraii!,ts
and landless - groups that represent three-quarters of the agricultural
households in developing economies - will increase by 50 million to ncariv 
220 million by the year 2000. Without opportunities for adequate
livelihoods, these resource-poor households will be caught in a poverty
trap that induces them to over-exploit existing resources simply to2survive.e

The problem faced by these resource-poor millions is neatly summar
ized by the model presented in the appendix to this chapter: a low initial 
level of environmental quality forces resource users to discount the future 
heavily. That i,, poor people faced with marginal environmental 
conditions often have no choice but to opt for immediate economic 
benefits at the expense of the long-term sustainability oftheir livelihoods. 
This particularly holds for the marginal lands of the Third World. which 
are areas characterized not only by lower quality and productivitv but also
by greater instability, especially in terms of micro-climatic. aizro
ecological and soil conditions.-' If economic development is to offer the 
resource-poor the opportunity of sustainable and secure livelihoods, then 
sustainable-resource management must become a primary development
 
goal.


At the national level, a large number of low and lower-middlc income
 
economies are directly dependent on natural resources for the 
 over
whelming majority of their exports (see Tables 8.2 and 8.3,. In many
instances, export earnings are dominated by one or two primary
commodities. These economies are therefore hcavilY dependent or. their 
resource stocks for current and future development efforts. Efficient use 
of their natural capital stock is essential for maximizing current develop
ment efforts, and sustalnable use is necessary the foundationas upon
which emerging structural developments in industry and services can be 
safely and continuously built. The danger of an unsustainable path is the
risk tl,.t the successful transformation from a resource-dependent to a 
fully developed economy may not be complete before the resource ba,
and its essential environmental functions are irreversibly degraded anu 
depleted. 

For lhw and lower-middle income resource-based economies, the 
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Table 8.2: Low Income Economics with Hligh Export Concentration 
in Primary Commodities

(morntribution (,t' 33 main 
"0'PM0,1dties5 to toild/ MUMt Ex-port Comi~tiest/H/ 

Zaire fS 170 
Angola 5270 
Burundi i .230. 
Uganda 230 
Zambia 390. 
I'quatorial Guinea 
Rwanda 1,S280; 

Malawi, 5170, 

.uba 


Burma i 5190, 

Togo 5,,230, 

Ethiopia I 110, 


Chad 
Solomon Island, 
Nepal, - 160 
(.cntral Ar. Rep. 15260 
Tanzanma ':290, 

Guinca i5320, 
Benin,-260 
Burkina Fao, - 150 
Vanuatu 

, ( alculated in term, 

epori: 

(f'er 910 
IO.o 
1C).0 

..5 

96.8 
0... 
94.7 
91.9 
90.2 

n'er O" 
81.2 

(P','r 70",', 
7.t.9 
71.7 

a''r6d 
o5.1 
63.7 
)3.5 

t3.2 
60.0 

o;'cr 50 
z5.6 
50.b 
50.6 
i0.6 

I 

Copper i58.5, 
Petroleum 911.1 
Coffee !.2 

I.cottee IQ.1.0 
kopper 02.A 
Cocoa 71.'. 
Coffee If6.6 
Tobacco (49 8. 
Sugar 188.5 

Rice A3.2) 

Phosphate t16.5 
Coffee (o 1.5 

Cotton (60.7, 

Timber t ;,.I.: 

Rice t26.0 

offee 28.7 

Coffee (29.8, 

Bauxite 152.2 
Cotton 20.7, 
Cotton 15.0. 
Copra (38.4, 

Petroleum 19.0, 
oftfe [0 

1otton2., 
Coron 

Zinc, 2.7
 
Timber i,.5
 
" 17.0
 

. . 

Tin 

Sugar t 19 S
 
Tobacco 0.8
 

Timber, 29.0,
 

Cocoa I11.0
 
Hides and skins '6.8,
 

Hides ana skin, 1-1.5 1
 
Copra, I iLn
 
Hides and skins, lol.

Timber 25.A
 
Cotton 1 ,
 

(otfece 2.2 
Cocoa 11.2 
Hides an. skins .1.0, 
Cocoa 4.4 

in 19)-S; ',S. dollar itiure aitr each country listed indicates GNI' per capita in 194i
l.ow-inciimc CLn.ionon:L' .irrilic vith 6NP per pcron ii ".I(h) or les, in Its ; 
GNP per c;pita in 1lsI 

,tre, \\'orld hank. i ',mm,':tiI ra. APht I'rltc Irenas, 1Os cdii. Washinton. IV:. 4 andWorld Bank. Wr/d/Dei,pmentt, r,,,rt 19 ) and 1987 cdnj j,, World Bank. \\ashininon. )(',
1986 and IN'7 

o: percenat.e contrioutin,, to the valuC (11total rn.rchanie t'rptri
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Table 8.3: Lower Middle Income Economics with High Export 
Concentration in Irimarv Commodities

ont ntttont 3Inamn1 
LOMMOjitd[I's t0tord, ,lMain I:.vport (,'Ofllll~ih 

eAport. 2 

,cr 90' 
Congo, P.R. (I, 10) 07. Petroleum .9,.1 Timber 3.1 
Liberia, S470) ).5.2 Iron ore (3.i Rubber I.5k0 
Nigeria z800) Q2.n Petroleum 90.. lcoa, 1.7 

n'r 70' 
Guvana 1 580)1, 76.t) sucar -14 Bauxite .29A 
Papua New Guinea $680 76.1 opper ,'0.9 -e I1.9-Cofl 
Nicaragua ($770) 74.0 Coffee 28.i (ot ton, 23.9 
Honduras (S720) 71.8 Bananas 28.2 Cotfec 122.7 
Egypt $610) 70.9 Petroleum ' 5.8 (.otton 113.7 

in-er 607, 
Syria $1,560) 69.4 Petroleum 59,8, Cotton 7.2 
Ecuador (51,160) 69.2 Petroleum 9i1.8, Bananas ,8.1
El Salvador S;820) 67.3 Coffee, 96.9, Cotton 17.0 
Ivory Coast ($666. 67.1 Cocoa .2-1.2, Coffee ( 19.1 
Mauritius (.1,090) 61.8 Sugar 9. lea 11.91 
Paraguay (S8601 60.9 Cotton 37.0 Timber 17.7 
Costa Rica S1,300) W0.6 Bananas 25.2. Coflle 125.0 
Chile I1,4 30) 60.0 Copper 4j. I Fish meal 10.t) 

ir'er
50",.
 
Colombia (S1,320) i9.9 Coltee 49.2, Bananas .l.6 
Indonesia ($530) i8.9 Petroleum (.17.9, Rubber ,3 
Dominican Republic 5790 98.; Sugar 38.0, Colt-tce 19. 1 
Mauritania ($420) 97.2 Iron ore i91.7 Fish meal 2.9 
Guatemala $1,250, 9'0. Coffee 28.9 Cotton 16.6 

Xiii -'(Caleulated Initerms olperccntaize, 'ontrilutiin%to the alc(ittotal[ierclhandic export, 
in 1981-83. LS dollar Iicure alter ea'h countr\ Ivtcd indicates GNI' er capili iot)1" 
Lower middle income economies are tho* ,ithGNP per person (it I.6( or le', in 
1985.
 
'GNP per capita in Il1. 

S ur,,..s ISee l'able ,i. 

http:Dvcelopnm.nt
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failure to manage resources sustainably undoubtedlv means increase,vulnerability to the economic stresses imposed by external debt. Sinct.1970. external debt as a percentaue of GNP Ior these economics ha,increased dramaticall' Sec Tables-8.4 and 8.5). Debt servicinz, as both apercentage ol GNP and ot exports, has also risen substantially in virtually;all of these economies. In some cases. debt servicing in 1985 consumedmore than 10 " of export earnmngs. For these economics, tile ability' tomeet debt repayments for some time to come and sinuitancousx ind'ucL.further economic development will depend upon continued successfu;exploitation of their resourc.e-, base. Unless this is managed efficiently an,:sustainablv, the debt burd ". may become a severe constraint on

development efiort .
In general, the desIVIn of effective natural-resource managemen,policies for sustainable development will require more substantive andextensive analyses. These analyses must examine the natural-resourceimplications of macro-economic, trade and sectoral policies; betternationally aggregated and co-ordinated informationeconomic decisions affecting 

on the micro
natural resource use (particularlvvillage, at thefarm and agro-ecosvst em leveli; and greater investment iMenvironmental-institution building, especially the development of intersectoral co-ordination. The failure to carry out these analyses mayperpetuate erroneous assumptions about the relationship between economic policy objectives and the environment, such as the belief thatexport-oriented agricultural development is inherently less sustainablethan production aimed at achieving food self-sufficiency..24 More importantly, however, it will lead to the design ofeconomic policies that, in thelong run, promote the inefficient use of both economic and environmenta! 

resources.
 
At present, 
 fbur important initiatives are being explored that couldmake a potentially substantial contribution to integrating sound naturalresource management principles into all levels of economic policvmakine
in developing countries. These initiatives will be referred to as environmental cost-benefit analvsis, resource 
 accounting, macro-economi,
policy-making and applied sustainability research.
As pointed out by the authors of the classic LUIDO Guideil'Ies, the
main rationale for conducoing social cost-benefit analyses is "to subject
project choice to a consistent set of general objectives of national policy"..
As perceptions 
 oi national policy objectives in Third World countrie>have changed for example emphasizing the need for scarce foreiLr.exchange and equitable income distribution, project appraisal andplanning have expanded to reflect the new objectives." Consequently, therecent emphasis on the role of environmental quality and the iong-termproductivity of natural-resource systems in sustaining economic development has toled further extensions of social cost-benefit analyses toinclude environmental impacts.~ That is, in contrast with traditional 
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Table 8.4: Debt and Debt Service Ratios in Resource-Dependent Low 
Income Economies 

External publi l),'t .Serc,' as percenteat,, ,t 
deht' as 7,of (;A'71\' Export' 

1970 1985 1970 198i /970 1985 

over 9097,
Zaire (100.01 9.1 111.8 1.1 7. 4.4 .

Angola 100.0) x x

Burundi (98.5) 3.1 19.7 0.' 

x x 
2.0 2.3 0Uganda (98.01 7.5 x 0.4 x 2.9 XZambia 196.8 j 36.0 1 
 "OA .4.01 h.3 10.2Eq. Guinea 95.4, x x X xRwanda 194.7; 0.9 19.1 0.1 0.9 1.2 4.3Malawi (91.9) 44.2 75.7 2.2 7.A 7.7 xCuba 190.2) x x x x
 

over 8W,
Burma (81.2) 5.0 12.1 1.0 2.8 17.2 51.A 

over 7097 
Togo (74.9) 16.2 121.0 0.9 13.7 3.0 27.5Ethiopia 171.7) 9.5 37.1 1.2 2.2 11.,4 10.) 

" oer 60 . 
Chad 165.1, 9.9 x 0.9 x 4.2 x

Solomon Islands (63.7, x % X
x .
 
Nepal t63.5) 0.3 22.i 0. 0.5 x 4.0
Cen. Ar. Rep. (63.2 13.5 44.9 1.7 2.0 5.1 11.8Tanzania 160.0) 20.1 .18.5 1. 
 1.0 5.2 16.7 

over 50 " 
Guinea 155.6) 47.2 70.2 2.2 3.6 x NBenin 150.81 15.2 66.9 0.6 2.2 2.3 x
Burkina Faso (50.6i 
 6.6 46.4 0.7 2.5 6.8 x
Vanuatu (50.6, x x. X 
 X
 

Notes.. 'I'rcentage tigure aiter each country listed indicates contribution ol31 main primar%
commodities to total exports as indicated in [able ) 1.ow-iome cconomic, are tliocwith GNP per person of S400 or less in 1985
 
*!External pubhli: debt outstanding ana disburcu
 
x= figures not avail.ibl
 

Sources. World Bank, (.ommodot. Trade and Pricc 'r,'j, 1986 edn j,iWashington DC. 1980,,and World Bank, World Development Report1 1987 edit. 'World Bank: Washington. )C. 1987. 
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Table 8.5: Debt and Debt-Service Ratios in Resource Dependent
 
Lower-Middle Income Economies'
 

External pubhc Debt Service as percentace of 
debt' as of GAP GA' Exports 
1970 1985 1970 IQ8; 1970 1985
 

mer 90'. 
Congo, P.R. 97.31 52.4 86.5 3.4 15.0 x 19.6 
Liberia ,95.2 39.4 85.3 4.4 1.7 x 3.8 
Nigeria 92.6 -1.6 17.2 0.0 .1.2 30.8 

,r7oer 7(V" 
Guvana, 76t, X X x x x x
 
Papua New ,amea 6.2 49.0 0.2 6.0 x 10.4
 

(76.4,
 
Nicaragua1 7-1.0 19.5 185.2 3.0 1.6 10.5 
 x 
Honduras :71.8, 13.6 68.8 0.9 5.4 3.1 17.6
 
Egypt i70.0 23.1 61.9 4.6 7.8 36.8 30.9
 

(n-r60' 
Syria (69. 10.8 16.9 1.7 2.2 11.2 14.8
 
Ecuador 69.2' 11.8 60.9 1.4 8.0 8.6 28.8
 
El Salvador t67.3 8.6 39.6 0.9 5.1 3.6 16.3
 
lvory Coast r67.1 18.8 88.5 2.9 9.0 7.0 17.4
 
Mauritius 61.8 14.7 39.8 1.4 6.0 3.2 11.5
 
Paraguay ,60.9 19.2 55.8 1.8 5.0 11.8 12.9
 
Losta Rica (()0.6. 13.8 !05.1 2.9 13.3 10.0 36.6
 
Chile 160.0 25.0 90.3 3.0 8.7 19.1 26.2
 

n'er 50' 
Colombia, 50.0 18.5 28.5 1.7 .1.3 12.0 29.2 
Indonesia 8.0 25.2 32.0 0.9 4.S X 19.0 
Dominican Rep. 5S.3, 1.4.5 58.6 0.8 i. 1 4.4 16.1 
Mauritania t57.2 13.9 208.2 1.8 12.0 3.3 19.0 
Guatemala '90.5 5.7 19.8 1.4 2.3 7.4 21.3 

*Votes. 'ercenitae ivure alter each country listed indicates contribution o 33 main primarx 
commodities tototalexports as indicated inTable 8.2. [.ov,-middle income economics arL 
those with GNP per person of S1,6(N)or less in 1985
 
'External public debt outstanding and disbursed
 

igurcs not availablc
 

Sources. World Bank. (.,mmoditv Traae and 'rce T',nd 11980 edn .,Washington, DC.1986,. 
and World Bank. V",,rld 1987 ednl. iWorld Bank: Washington. DC, 1987,Development Report 
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project evaluation. which considers onlv the direct project benefits and 
costs, "the expanded approach includes the external and environmental 
improvement benefits iplus the benefits from environmental protection ;, 
as well as the costs of external and/or environmental damages and of 
environmental control measures".-' The basic methodologv is first to 
identify and measure the environmental effects, and then to translate 
them into monetary terms .or inclusion in the lormal proiect analysis. 

Extending cost-benefit analysis to incorporate the environmental 
impacts of projects involves a number of problems. First, physical 
estimation of environmental effects is often difficult. Secondly, as most 
environmental resources arc non-ma-keted common-property goods, 
economic -,dluation of their servsces isnot straightforward. Thirdly, little 
consensus exists regarding methods !or monetary valuation of intangible 
environmental goods, such as the need to preserve unknown species tor 
their intrinsic value." 

As this expanded approach inevitably raises issues of inter-temporal 
choice, the interest rate chosen to discount the future mav determine 
whether environmental degradation is optimal - as demonstrated for
mally in the model in the appendix of this chapter. It isoften stressed that 
the appropriate discount rate should emerge from the project appraisal 
process. ' In practice, imperfect capital markets, inconsistent data on the 
productivity of capital and large variances in domestic borrowing for 
investment make it difficult to establish an economic accounting rate of 
interest for developing countries.,, 

Introducing environmental considerations further complicates the 
picture. As Markandva and Pearce observe, natural resources are more 
likely to be over-exploited at high discount rates than at low ones, whereas 
low discount rates discriminate against projects with an environmental 
dimension that have a long gestation period.12 Given the additional 
problems posed by environmental risk and irreversible impacts, these 
authors conclude that it isgenerally preferable to adjust the project costs 
and benefit values and adopt additional sustainabilitv criteria, than to 
adjust the discount rate. 

As discussed above and demonstratcd in the appendix to this chapter, 
in many examples of poverty-induced environmental degradation, the 
sacrifice of long-term sustainabilitv for immediate economic returns 
implies a high discount rate. For example, one of the consequences of 
deforestation and the depletion of fuelwood supplies is that it forces poor
households to use dung tor fuel rather than for fertilizer. The present 
value of the dung as fuel ishigher than its value as asoil nutrient, but "the 
context isone where there isno choice anyway since there are neither fuel 
nor fertilizer substitutes to which household,; can gain access." Therefore, 
this behaviour is itself "the result of the resource degradation process
which compels actions to be taken which imply high discount rates"." In 
other words, the apparently high discount rates are a reflection of the 

http:period.12
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constraints imposed by environmental dearadation rather than the 
desired social choice.
 

The second initiative, usually referred to 
 as resource accountinu. 
involves adjusting national income accounts to register both tie direct 
costs inflicted by environmental degradation and the depreciation o: 
natural capital to allow for losses in future production." Although the 
national accounts record the income earned from harvesting resCourcc 
stock, e.g., fish catch, timber. meat. etc. . the loss of future income 
through declining resource stocks and deteriorating environmental 
cuahtv Is excluded. BVy allowin for such depreciations in the naturai 
capital ,took, the net contributions of resource degradation to national 
income are much lower and more a -curaielv reflect the impact oil
economic weltarc. For example, preliminarv estimates of the depreciatio,
of the forest stock in Indonesia due to deforestation, forest dezradation 
and timber extraction suggest a cost of around US S 3. 1billion in 1982, o: 
approximately -1", of GDP. 

Because resource accounting uses the existing system of national 
accounts, it appeals to economic policymakers. Nonetheless, there are a 
number of limitations on its application. Measuring the stock ofeconomic 
capital and its rate of depreciation in developing countries is in itself a 
complicated task. Given the difficulties in quantifying environmental
"goods", extending depreciation accounting to the stock of "natural" 
capital would prove even more difficult. Some natural resources, such a,,
Iorest timber. oil and fish stocks, are more readily counted as discrete 
units. Others, such as soils and watersheds, are not easily measurable a 
stocks. 

There is also disagreemcnt among some economists over the tnethod o: 
valuing the depreciation or natural capital stocks. In the standard
 
economic accounting approach. if an environmental asset is to be treated
 
like any other capital asset, its economic depreciation should be composed

of two components: the value of its physical depreciation and any chanLc
 
in the current price valuation of stocks (i.e., capital gains or losses). Thu,
 
an asset (such as the stock of standing Indonesian hardwoods) can suffer
 
some degree of physical deterioration and still increase in present value.
 
implying negative depreciation or a net capital pain. Other economist.
 
argue. however, that international commodity prices Ior natural resouree
fluctuate dramatically with little impact 
 on projected extraction aii:
 
production schedules. 'Includingz unrealized capital gains from naturai
resource 
 price change, in current income could therefore lead 10 
significant swings in income between successive periods".- Thesc 
economists advocate that depreciation accounting should include only the 
value of physical changes in the resource stock. 

Perhaps a more erious limitation is that a resource accountim
approach that limits itself to Just one function of an environmental asset 
- its production of valuable and marketed raw material - can only cover 
part of1 the economic costs of envirorental degradation. Such an 
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approach does not include all the externality, or off-site, environmental
quality effects (i.e., the value ofenvironmental assets in assimilating wasteand in providing ecological support for economic systems and human 
welfare).


In Indonesia, for example, the 
 true value of' the forest stock must
include not only its productive value as a commodity but also its value insupporting other economic activities dependent upon Its existence e.g.,husbandry of non-timber forest products, traditional shiftin, cultivation.
etc.). It must also include other economic value, e.2., the option andexistence values of preserving biological diversity. micro-cimatic iunctions, etc.). Favourable external impacts on, say, neifhi,, urimn apricuitu
ral activity (the maintenance of fertilitv and cohesion. hydrological cycles.etc.) must also be included. Together, these values represent the fullopportunity cost of forest depletion. "Therefore, the fi,.ure ofS 3.1 billionfor the direct depreciations of the forest stock of Indonesia must be well 
below the full cost. 

Yet despite such difficulties, resource accounting is a maior advance over the present procedure by which natural capital P, valued at zero.
Moreover, 1- starting to measure environmental values, resource
accounting approaches ensure that better techniques for measuring such 
values will be developed.

Resource accounting could be considered as part of alarge initiative todesign macro-economic policies which can correct problems of environ
mental degradation in developing countries. This isproposed in two ways: 

i through the design of investment programmcs supportini environ
mental and natural-resource objcctives; ,1,:

ii, through promotion of economic. social and institutional poiicws
and incentives that influence the environmentally related behav
iour of government agencies, major-resource users, and counties,
small-scale resource-using activities which occur throughout a 

'nation's economy. 
The appeal of such an approach is that It would rely on traditional
economic tools and concepts. such as marginal opportunity cost. to
 
measure the total environmental 
 costs borne by society of resourcedegradation and depletion. I' .Moreover, same existing economic policies
in developing countries e.g. agricultural input uLbsiidis, fiscal and
financial inducements for livestock rearing, and agricultural export
taxation na be encouraging both environmental degradation andeconomic inefficiency " Correcting these policies may therefore offer the
opportunity to pursue both environmental and development goal,,.

In designing appropriate incentives for sustainable development. iidistinction should be made between use'r,'Cablme mciat.rVs focused on the resource user 'e.g., changes in land and resource rights, increased 
participation in decision making and appropriate protects o;/lcvcnabin,,
incentives focused on the policymaker and implementing agencies 'e.g., 
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institutional strengthening and flexibilitv, political conditions); and 
v'arithlc ncentLz-'cs focused on Price changes facing producers and 
consumers (e.g., altering input and output pricing, exchange-rate
modification, tax and subsidy reform, adjusting middlemen margins,
etc.). 2 User-enabling incentives are the main micro-level concerns ior 
sustainable development, whereas appropriate policv-enabling and van
able incentives are the macro-level issues. Working with only one set of 
these incentives is likely to be ineffective. We need at least one policy
instrument for each obiective. As the case studies of Amazoman 
deforestation and upper watershed degradation on Java illustrate, the 
challenge for cconomic policy Is to design the right combination oi 
incentives for a given taret group and agiven environmental dezradation 
problem. 

The design of appropriate incentives is fraught with difficulties. For 
example, it is often assumed that getting producer prices in agriculture
closer to world prices will increase the incomes of farmers, which will in 
turn encourage resource conservation investments. The counter
argument, however, is that price increases encourage switches between 
crops but may have no effect on aggregate output. Farmers may not have 
an extra surplus to invest in resource conservation. In addition. in the case 
of the upper watershed degradation on Java, the relationship between 
increased profitability of farm-level production and additional invest
ments in land-management and farming systems improvement is not a 
straightforward one. In general, "the current state of research r-; simply
not adequate to pronounce on the nature of the linkage from producer
price to agricultural supply response to natural resource effects" to 
engender confidence over the design of appropriate incentives and 
investment strategies. I 

Nevertheless, macro-economic policies and incentives for natural
resource management are, in the long run, essential for sustainable 
development. Donor agencies, led by the World Bank, are making a maior 
effort in co-operation with the governments of some developing countries 
to conduct studies of how best to design an appropriate natural-resource 
and economic-policy framework for sustainable development.4' As these 
studies are indicating, before any practical policy gudelines can be 
successfully formulated, there is a need for substantive and extensive 
analysis of the narural-resource implications of various macro-economic. 
trade and sectoral policies in developing countries, At the more micro 
level, there is a need for a greater analysis of the economic costs of 
environmental degradation and of the natural-resource allocation deci
sions by villages and farmers. This should be co-ordinated and reviewed 
consistentlv at the national level so as to be useful for policy and 
investment decisions. 

If sustainable development is to succeed in dealing with these micro
level issues, the three initiatives discussed so far need to be complemented
by afourth - the applied analysis of the sustainability offarming and other 
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production systems at the village, community and household level. For
example, in agriculture, the "farmers' needs pull" form of farming
systems research and extension takes the analysis of existing farming
systems as its starting point. It then goes on to determine the needs,
problems and constraints to which subsequent technological innovation is
directed. The use of agro-ecosystem analysis and rapid rural appraisal
techniques are crucial to this approach.-"

An even broader, and more difficult, task is the analysis of the problems
of attaining sustainable and secure livelihoods. For example, rural
livelihoods do not rely exclusively on farming but also on skills employed
on the farm, in the manufacture of handicrafts and in other cottage
industries, on natural resources (such as timber, fuelwood, fodder, wild
plants, fish and other wild animals) that may be harvested, on opportun
ities for off-farm employment, or most commonly on some combination 
of these. Thus a livelihood typically relies on ownership of, or access to,resources, and access to product- or income-generating activities.
Therefore, it is measurable in terms of both the stocks (i.e., a household's 
reserves and assets) and the flows of food and cash. In practice, rural
families decide on livelihood goals and then determine the optimal mix of
activities depending on their environmental and social circumstances, andthe skills and resources at their disposal. Sustainable-livelihood analysis
must take into account this decision-making process at the household
level, as well as the set of institutions, customs and systems of rights and
obligations at the community level that determine much of what
individuals and households can and cannot do.' 

These four initiatives indicate the need for a multi-level, as well as amulti-disciplinary, approach to integrating sound natural-resource management at all levels of economic policy making and planning. Sustainable 
development cannot he based solely, or even largely, on resource

accounting, cost-benefit analysis, macro-economic policy, or farming

systems research and sustainable-livelihood analysis. 
 Each of these four
initiatives needs to be developed in its own right and in relation to theother approaches, and this totality of analysis used as the basis for
 
sustainable development.


Perhaps one constraint common to all these approaches is the iack of a
database and the methodology needed to evaluate the impacts of

environmental degradation the resource
on base. Current databases in
developing countries, where they are reliable, are disaggregated by
administrative and political boundaries i i.e., region, province, district,
sub-district, etc.). It is often extremely difficult to obtain the same
economic and environmental data by major agro-ecological and resource 
system zones (e.g., watersheds, semi-arid lands, uplands, forests and
coastal resource systems). It may be equally difficult to obtain reliabledata on certain key socio-economic groups, such as agro-pastoralists,
nomads, upland farmers, shifting cultivators, indigenous tribes, etc. In
addition, although valuation techniques for measuring the environmental 
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impacts of economic policies and projects have been developed in recentyears, thev have vet to be disseminated and applied extensively indeveloping countries. Thus developing the data and methodologyrequirements for all levels of analysis in deveioping countries should be amajor prioritv.i 

SUAMMAR "AND CONCLUSION 
If there is one basic principle underlying the diverse body of knowledgewe call economics, it is that there is no such thing as a free lunch. In otherwords, there is always a cost ior whatever we do. Somehow, conventionaleconomic theory has tended to forget this when considering the functionsthat the environment provides for economic activity and human welfare.The message ef this book istherefore just a simple reminder to economicsof one of its basic principles: if the environment is being increasinglyexploited for one set of uses (say, to provide new sources of raw materialand energy inputs and to assimilate additional waste), the quality of theenvironment may deteriorate. The consequence is an increasing relativescarcity of essential environmental services and ecological functions.Moreover, in circumstances where ecological stress is extreme, which ismore likely in resource-poor environments where ecological processes arefragile and highly variable, environmental degradation over time maypose an absolute constraint on economic-environmental systems.This proposition may seem simple. However, like other simpleobservations, further exploration reveals more complex vet highlyinstructive insights. In developing this theory - or alternative viewnatural-resource scarcity, - of

this book has explored its relationship withearly economic theories of natural-resource scarcity, non-economicinfluences, and more conventional views of resource and environmentalproblems. The conclusion is that this alternative view is applicable to anew class of problems arising from environmental degradation that havenot been adequately deilt with by conventional economic approaches. Inaddition, this alternative view provides insight into the type of economicstrategies required to tackle the new class of problems of environmentaldegradation. Thus, the second part of this book examines three example,
of environmental degradation 
- the global greenhouse effect, Amazoniar:deforestation and upper watershed degradation ca Java in order to-illustrate the type of scarcity effects that can be explained by thealternative view and to indicate the type of policy responses that suchproblems require. Although the policy tools and instruments - variable orprice incentives, user-enabling incentives, policy-enabling incentives anddirect investment programmes - are the standard means for dealing withany economic problem, only the right combination of these is appropriatefor a given problem ofenvironmental degradation. The alternative view ofnatural-resource scarcity, as developed in this bcok, nut Cn!' provide.insight into the economic consequences ofenvironmental degradation but 



205 
Conclusion: An Economics of Sustanable Dczelo.ment 

also provides the rationale and the guidelines for an appropriate economicpolicy in response L-) these consequences.
The basis of this ra'ionale is the need for environmentally sustainabledevelopment. As this :hapter makes clear, the concept of sustainableeconomic development has to bc carefully examined, and has differentimplications for the advance(' industrialized economies compared withthe developing economies. On the other hand, an economics of sustainable development must naturally emerge from further explorations ofthetype of scarcity effects that concern the alternative view and from theanalysis required for designing appropriate economic stratezies toovercome the problems of environmental degradation that unaermine

economic sustainabilitV. 
The overall message of this book is that if the sustainability of theecological processes underlying economic activity is recognized to havevalue, then sustainability must be explicitly included Is oneobjective!, to be pursued by of theeconomic policymakers and planners.

Undoubtedly, the pursuit of sustainable economic development willrequire reconciling crucial trade-offs - not the least being the trade-offbetween resource-using economic growth and appropriate resourcemanagement objectives. As one"no model provides the means forunderstanding how the ends of both economic growth and ecologicalsustainability might be achieved"," perhaps an important contribution ofthis book is to try to explore and model this trade-offa bit more rigorously.Maybe future explorations will develop this theory and empirical analysisfurther into a true economics of sustainable development. 

APPENDIX: A MODEL OF OPTIMAL SUSTAINABLE 
ECONOMIC GROWTH"' 

The purpose of the following model is to analyse optimal-growth paths for
an economy faced with the choice of operating under the three long-term
biophysical constraints: harvesting of renewable 
 resources within theirnatural and managed rates of regeneration; extracting exhaustibleresources at the rate at which renewables can be substituted for them
(which, in the long run, implies a zero rate of exhaustion of the composite
resource); and emitting wastes
environment. within the assimilative capacity of theThe analysis will be based on a modified and extendedversion of the model developed by Forster, which examined optimaleconomic growth under one of these constraints, namely that waste levelsshould not exceed the assimilative capacity of the environmentThe key to this model is the assumption that at any time t, the rate ofenvironmental degradation S, is equa! to any flow of*waste emitted fromthe economic process W, in excess of the amount of waste assimilated bythe environment A; plus the flow of renewable resources harvested fromthe environment R, in excess of the (managed or natural) biological 
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productivity of these resource, G; plus the flow of exhaustible resources
extracted from the environment i: 

S= W-A - R-G+ 

where W -A = )if W = A 
andRR - G=0ifR+=(;. : 

Since resources are cxtractc,. and harvested and wastes are emitted bv
the economic process to provide consumption C, it is assumed that: 

W\V WC,\'(T," C 0V .."(C; (-
R R(C:, R"C 0, R"J', 0 
I- =-C,, E',C 0,E"'C . 0 . 

Similarly, if X is some measure of environmental quality, then it Isassumed that the amount of waste assimilated and the biologicalproductivity of the environment are both increasing functions of X: 
A = AlX A X 0, A";X, . 0 (3) 

SG=G(X, G''X -0, G"(X) 0.; ,
 

Substituting 
 2) and ,3) into I, yields: 
S = %W( + R C + E(C)/- [A(X' + G(XI (4) 

= N(C, - QX . 
where N(C, indicates the increasing environmental degradation resultingfrom the various resource demands of the economic process and Q X icanbe thought ofas the environmental resilience in the face of these resource 
demands.
 

Given t2: it is assumed that:
 

N(C, - 0, N' C -, 0, N"(C) 0, C.C (5) 
N(C= 0, C = C. 

where C is the level of consumptio, where the economy is consuminaccumulated resource stocks, with pollution abatement ensuring that \V*
= 0. Hence, an economy at consumption level C is makinz no additional
 
resource demands on the environment. 
 -

Similarly, from 13 it is assumed that: 

Q(X -0,Q'"X o,"(1)Xi<o0,X.X 161 
Q(X = 0, X - X. 

where X is the minimum sustainable level of environmental quality. Thatis, if environmental quality falls below X, ecosystems are no longercapable of assimilating waste and generating biological productivity. 
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Finally, it is assumed that there is an inverse relationship between S and
X; i.e., if environmental degradation is increasing over time, then
environmental quality must be falling: 

X = - aS (7) 
= a[Q(X) - N(C)]. 

It is now assumed that social welfare at any point in time is measured by 
a strictly concave utility function U of current C and the current stock ofX:
 

,= U(C,X;, (8) 
withU >.O,U_,O,U,..0, U U ,O,U0 ,lim =z, 

C-0
 
and lim U. = x.

X-0 

Equations (1) and (7) were deliberately constructed to reflect thecriteria for sustainability, that of observing the biophysical constraints.That is, a minimum condition for an economic growth path to besustainable over the long run is W = Aand (R + E) =G, which ensures that no environmental degradation will (that is, Soccur 0). Thus, one
possible choice open to society is to plan for a growth path that, in the long
run, produces zero environmental degradation.

Conditions (I) and (7) also indicate, however, that as long as someenvironmental degradation is continuing to occur, environmental quality
Aill decline. Equation (6) suggests that there is a lower limit tomvironmental quality. If X is driven below X, environmental degrada
ion will have destroyed the natural clean-up and regenerative processes
n the environment. This is tantamount to an environmental collapse, and
-conomic growth leading to such a collapse can be said to he environmen
ally unsustainable. Nevertheless, there may be conditions under whichocietv may have no choice but opt for an unsustainable growth path.

The purpose of this model, therefbre, is to examine the optimalonditions leading to sustainable versus unsustainable economic growth.-iven a positive rate of time preference r. the planning problem is to find 
[lutions which will 

max 0e-" U(C,X) dt (9) 
subject to X = a[Q(X' - N(C], 

X(O) = X.,, X(.c, free. 
Given the continuous function P(t), the Hamiltonian of the problem is: 

H = e-" ([U(C,X) + Pa[Q(X; - N(C)]) . (10) 
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The first-order conditions are: 

dH 

orP= U,/aN' 0. 

I - rP - d u " - PaQ', :1 

or P = Ir - aQ'Ip - U- and
 
X = aIQ(X, - N(CI].
 

P! t; is the costate variable, which can he interpreted as the social valu.. cshadow price, of environmental quality. Condition II) gives C as a: 
explicit function of P with: 

dC aN' 14 
dP U. - aPN" 

From (12) and 113), the behaviour of the system from any initial por 
(X,, P), isgoverned by: 

P 0 it'[r-aQ'P = U1, 15 

0 ifQX = N(C;. 

One possible configuration of the phase diagrams of these equations

given in Figure 8.1. Note that:
 

lim P = Jr U(CX - U(CO. 17 
X-() X=O X-o 

C-C aN'(C, aN',Cj
Also, the X ( curve and the traiectories in Figure 8.1 are kinked at XX, since Q' is not continuous at this point. The slopes of the stationary loc 
are given by: 

dP aP" - U
 
dX P=0 r -aQ' (, 
 l8 

dP aQ"
 
dX X=0 aN' dC/dP 0. 
 19 

In Figure 8.1, (X,*,P1 *) and (X,*,I)*) are stable equilibria, wherea, 
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P 

P'. oi 
aN'(CI 

Figure 8.1: Multiple Equilibria Solution to Fhase Diagram 

(X,*,P,*) is totally unstable. If X,, . X.*, then the optimal policy is toselect P,, so as to place the economy on a growth path that ends at thcstableequilibrium (X,*,P,*). This represents environmentally sustainablegrowth, given the assumption that if X
constriants are being observed. If X, 

= 0 and X '> X, then biophysical 
= X.*, then it is optimal to remain atX2 * for ever. If X, < X,*, assi liming sufficiency conditions are satisfied forthe non-concave region, then the growth path of the economy !%ads to(X1*,P,*). Howeve:, this growth path is unsustainable, for on the onehand, the assimilative and regenerative capacity of the environment hasbeen destroyed, and on the other, the economy is forced to consumeexisting internal resource stocks. Eventually, the latter will be consumed

and the economy will collapse.
Thus, with a low initial level of environmental quality, environmentallyunsustainable economic growth may 1-c an optimal strategy. Since thebenefits of increased consumption occur in the present whereas environmental degradation and collapse is a future problem, this strategy is madeoptimal by a high rate of discount on future utility. Consequently, boththe initial level of environmental quality as well as the rate at which futureutilities are discounted are significant factors in determining the optimalchoice between sustainable and unsustainable growth as one would 

expect. 

x 
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0.-0. 

P-0 1 

Figure 8.2: The Effects of Changes in r 
It is apparent from ( 15) that an increase in the discount rate would havcthe effect of shifting down the P =0 curve. As shown in Figure 8.2, the endresult may be a unique equilibrium, but one that only allows unsustaina

ble growth i i.e., X,* < X). In contrast, lower discount rates would shiftthe P =0 curve up, leading to a unique equilibrium of sustainable growth
(i.e., Xz* > X).These results appear to confirm the conclusions of Forsterof the role of discount rates in determining the sustainability of the 
economic process.?

The minimum bound on the social rate of time preference, r, is notindependent of the historically given level of environmental quality, X..Note that in !15), for P = 0 it is a requirement that r aQ'. Given theproperties of QX) outlined in (6), a lower initial X will have a higher Q'.thus requiring a high rate of discount to keep P =0. Conversely, a higher
X,will have a lower rate of discount. As shown in Figure 8.3, therefore.the initial level of environmental quality iafluences choice of r and
imposes a lower limit on any changes in r. 

x 
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r 

/ 

Figure 8.3: The Influence of X. on r 
xo 
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mental Consenation, Vol. 14 (1987), pp. 101-10. For turther elaboration on the view,,of sustainabilitv expressed throughout this chapter see also Edward B. Barbier. ,\''c:Approaches in Erironmenal and Resource tEconomics: lT7imaras an 1hconoinics 0/SustainableDevelopment IIED and the New Economics Foundation: London. 1987)David W. Pearce, "Sustainabl, development: Ecology and economic progress", draftpaper I IED/UCL London Environmental Economics Centre, 1988); and David W.Pearce, "The meaning and implications of sustainable development". Report of aWorkshop on Sustainable Development (Economics and the Environment Secretariat, OECD: Paris, France, 12-13 November 1987'. The members ot the Workshop
were David W. Pearce, R. Kerry Turner, Edward B. Barbier, Peter Nilkamp and theSecretariat. See also David Pearce, Edward B. Barbier and Anil Markandva,
Sustainable Deveiopment: Environment and Economics in th, Third ll'orid 1Edward
Elgar: London, forthcoming in 1989).

2. See the reterences listed in note one.
3. World Commission on Environment and Development (WCED), Our (Common

Future Oxford Universitv Press: 1987).
4. Barbier, "The concept", op. cit. 
5. This definition and the following elaboration is based on Pearce ct al., "The

meaning", op. cit.
6. "Economic development" implies structural change in the economy and society, and can be conventionally defined as the "process whereby the real per capital income of 



212 Economics, Natural-ResourceScarcttv and Developmen: 
a country increases over a iong period of time - subject to the stipulations that thlnumber below an 'absolute' rovert' line does not increase, and that tne distributiolof income does nor become more unequal". See Gerald M. Meter, LJnJm Issues,Econnn lh-'eiopnwmt -,rd edn , Oxford Universitv Press: New Yort. 1976 .7. See Chapter 2 and (ordon R. ConwaY. "The properties of agroccosvstem " As,',rcuural , Vsst.\ol. 21 1987), pp. 9i- 117.S. For example. the resource degradation may he reduced to a level where tile natura,processes can be subsidized in the long term by the appropriate applications o,external inputs, c.g., aLzro-chemicals, fertilizers, tools, machinery, etc Countcracting resource degradation o rcn requires innovations in techniques, or'anization o:land manatement E-xampics of the tormer include integrated pest manazement anL:the optimal mix :,;organic and inoranic fertilizers. Exampies o: appropriattinnovations %%erediscussed in Chapter H i.c., the adoption of land-manavement all,:farming-system te,:nniques to tnprove soil and water conservation. M.ore often thai.not, a combination of approaches rather than one single response i, reauired lotcounteracting the stresses and shocks imposed by environmental degradation.9. Robert Chambers, "Sustainable livelihoods: An opportunity for the World (Commission on Environment and Development" (Institute of Development StudiesUniversitv of Sussex, Brighton. England, 1986).

10. See Conway, op. cit., and Chapter 2.
I1. See Chapter i and talbot Page, CmnserT,aotonand Economic Efficiency. Arn Approach w
Materalsl',hcv Johns Hopkins University Press: Baltimore, MarYland. 1977); andDavid W. Pearce. "Founaations of an ecological economics", Ecologic-l AodelhnL,
Vol. 38 (l987), pp. Q-16.

12. See Pearce, "Founoations". op. cit.
13. See, in particular. Pearce. "Foundations", op. cit., David W. Pearce, "The limits ofcost benefit analysis as aguide to environmental poliy", Kvklos, Vol. 29 1976), pp97-111; David W Pearce. "Optimal prices for sustainable development" in D.Collard, D.W. Pearce and D. L'ph ed, Economic Grx,'th andSustainable E',iromwnse(Macmillan: Loncor, 1Q88;: Page, Consertmaton, op. cit.; and Edward B. Barbicr."Alternative approaches to economic-environmental interactions", Paper presenter:at the 13th Annual Eastern Economic Association Conierence Washmon, D.C, 5-7March. 1987), tortncoming in Ecoloecal Economics. See also the discussion andreferences cited in Pearce. "Sustainable development", op. cit.. and in Herman E.Daly, "The economic growth debate: What some economists have learned but manhave not",.journal of Ern'ronmiental Economics and Afanagement. Vol. 14 (1987i, pp.

323-336.
14. These conditions ensure that the environmental degradation resulting from thefailure to observe the biophysical constraints poses a threat to the long-termsustainability of the economic process; alternatively, the violation of any one of theseconditions would alleviate this threat. This follows from an extension of the analvsi,presented in Partha Dasgupta and Geoffrey Heal, Economic Theor' ani Exhaustbl,Resources (Cambridge Universitv Press: 1979), Chapter 7. For example, if the threeimportant economic functions of the environment are broadly considered ;o be theproduction of useful material and energy inputs E,, the assimilation of waste E., andthe provision of human, ecological and life-supporting services E, then each of theseE, functions is essential if, in its absence, feasible consumption mustdecline to zero in the long run. On 

necessarilh
the other hand, if reproducible capital, or alaobour-capital composite, can be sufficiently substituted for each E,, then it is nolonger essential. Equally, even in the absence of such substitution possibilities, ifeachE,could be augmented by aconstant positive rate oftechnical progress, the loss of thatfunction could be managed to ensure that its technically enhanced services arcbounded away from zero.15. See Chapter 5 and Barbier, "Alternative approaches", op. cit.; Robert A. Becker. 



213 
Conclusion:An Economics of SustainableDevelopment 

"Integenerational equity: The capital-environment trade-off",.7ournal of Erv'ironmental Econom:cs and Manaeement. 'ol. 9 (1982;, pp. 165-85, Karl-GoranEm'irm,nmenal Economics: .4 Theoretical Inqirv',Johns 
Miler. 

Baltimore, ,Mar,land, 1974 j. 
Hopkins L'niversirv Pres,:and Neil Vousden, Basic theoretical issues of resourcedeplection", Journal of Economic

16. 	 Theory, Vol. 6 (1973), pp. 126-13.Edward B. Barbier, "The potential for reviving economic growth: Theeconomv 	 politicalof resource misallocation", Paper presented at The Other EconomicSummit (London, t,-9 June 1984,.17. World Commission on Environment and Development, op. cit. See also Edward BBarbier, "Is sustainable economic growth our common iuture"...\'w P conmlnl.Issue 3( 1987), pp. 7-9.18. 	 World Commission on Environment and Development, op. cit., p. 216.19. 	 Organization for Economic (Co-oneration and Development, i'/h Siate ot in,En,tronment 1985 (OECD: Paris. 1985,, p. 212.
20. WCED, op. cit., p. 212. 
21. 	 Ibid., p. 172. 
22. Ibid., pp. 13 and 1.12.23. See, for example, Edward B. Barbier. "Sustainable agricultural development and thcresource poor: Policy issues and options", LEEC Paper 88-02,Environmental 	 IIED/UCLEconomics Centre, 1988; Robert Chambers, "Sustainable livelihoods, environment and deveiopment: putting poor people first", Discussion Paper240 (Institute of Development Studies. University of Sussex: Brighton, England.December 1987j; Gordon R. .onwav and Edward B. Barbier, Aher tne GreenRevolution:SustainableAgricuiture tbr Development iEarthscan Publications: London.1989); and Gordon R. Conway, Ibrahim Manwan and David S. McCauleY,development of marginal lands in the tropics" ,\'ature, Vol. 3004 (1983), 

"The 
p. 912.24. See Edward B. Barbier, "Cash crops, food crops and agricultural sustainabilit: Thecase of Indonesia" (IED: London, 1987), forthcoming in ll"orldDevelopment.25. United Nations Industrial Development Organization, Guid'lineslor Project hvaiuation (United Nations: New York, 1972.26. See I.M.D. Little and J.A. Mirrless, Project ,1ppraisai and PlanninCor De-eiopine(untries (Heinemann: London,. 1974); and LYn Squire and Herman G. van der Tak.Economic Analvsis of Projects i Johns Hopkins Universit' Press: Baltimore, Mlarviand.

1975).27. 	 See, for example, John A. Dixon, Richard A. Carpenter, Louise A. Fallon, Paul B.
Sherman and Supachit Manopimoke. EcononicAnalvsis of the Environmental Impact:
ofDevelopmen.. Proiects (Earthscan Publications: London, 1988); John A. Dixon andMaynard Hufschmidt (eds), Economic l"aluation 7 eLhniques for the Em'tronment(Johns Hopkins Universit;. Press: Baltimore, Marsland 1986); and Maynard M.Hufschmidt, David E. James, Anton D. Meister, Blair T. Bower and John A. Dixon,Environment, Natural .S'vstems and Drtieiopmeni.An Economic I 'aluatton Guide rJohnsHopkins University Press: Baltimore. Maryland, 1983).28. Dixon and Hufschmidt, op. cit., p. 7.29. Robert J. Goodland and George Ledec, "Neoclassical economics and principles of
sustainable development" 
 (World Bank: Washington, DC, July 1986).
30. See UNIDO, op,cit.31. David A. Phillips, "Pitfalls in estimating social discount rates: Acase study". ProtectAppraisal, Vol. 1 (1986), pp. 15-20.32. Anil Markandva and David W. Pearce, EnvironmentalConsiderations and the Choice ofthe Discount Roti. Environment Department Working Paper No. 3 (World Bank:Washington, DC, Mav 1988).33. David W. Pearce, "The economics of natural resource degradation in developingcountries" in R. 	Kerr' Turner (ed.), Sustainable Environmental Management:Principles and Practices (Westview Press: Boulder, Colorado, 1988). 



21-1 EcMomtcs, .\'atural-Rt-ourcc Sarcav and I),z'iotncn., 

,- See Yust I Ahmad. Salah l' ,eralv ard .Frinsl I ut' ed L:n7'lrental a/-iRes's,,tr, c . ' o,u n,1 ', r A:I,': , , t., t'i ., ,'s or ci' , t ecs ai ,,i,. I), t' -P011, Selected papers for 	 Join: I 'N[P "\World lank Workshops World lBan.:
%Xashninon, )( 	 .\Llv 20 198 'ihiam 3 .\laeratn and Peter Arens, 'The coq, o:soil erosion oil lava - A natural %e'ourcc accountin! approach' World Rcs(,urr.,
Institute: Washinvion. DC. No emner jQ87 - and Robert Repetto. Michacl \Web,.Christine Beer and Fabriiio Rosirl:. "Naturai resource accountini. for [ndone,,;a
World Resource' Institjute: \Cninmton I( .. \av 1')7 
e,Reptto. \"'cll,, Bccr and Ros, i , p. C:
it) See Henry .\I Peskin. ''Environmental a nonmiarkct accounrin 
 with reference, :o

Indonesia, (hantcr W in Arhna . I-! Seratv and llit/ Cds, op 	 L1 
"7 	 Reletto. W cl1. Beer and Rossini. I:', cit., ;. ;, 1or example. this study- , calculatior.

of the I982 dcpreciatonl ot the lt:,I'(onesian iirests ' ' I billion represents oni\ -n-,value of net chances in this stock Ih,, capitai ains arislrn! from chanLies in the pr:.c
valuation of forests assets ovcr 1Q,2 arc not included as part ot depreciation but note-,
in a separate "revaluation rcset- account

38. 	 Edward 1B.Ilarbier, -'Naturat resources P)ilcy and economic framework", Annex I m
.James Iarrant -Ia. .'atural Res, ur Cs an, l'nj rrmental .ia'ent m nlnJiu:.::USAID: Jakarta, October 19S7 Peskin. op. cit, provtdes a methodolo ' ai
framework for including all the nonmarket functons o environmental assets ir. a resource accountinu Iramework Mazrath arid Arens, op. cit.. attempt to estimatcboth the on-site and off-site impa-ts ot soil erosion in tile uplands of' lava as part :
their "resource accountinv" approach

39. Jeremy J. Wartord, "Natural resources management and economic developmen:
(World Bank: Washington, DC, 198640. David Pearce and Anti Markanva. ".Marginal opportunit cost as a plannin, concep:
in natural resource managemen:". Paper prepared for the Western ScienceAssociation, Special Session on Enironmental Issues and Economic l)cvelopmen:Kona, Hawai,, 18-21 February 1986 : Warlord. "Natural resources', op. cit.. an,]Jeremy j Warlord, I:n.rontne,. ( irc, .tti an, D,-, c'hopr',z. l)evelopment kornmte 
Paper No. 1- ,World Bank: ",ishinmon, DC. 1987,

4 1. For ageneral exposition on this point see Robert Repetto. "-conomic policy rclorm.for natural resource conservation" World Resot .'s Institute Wi0ashntion, I)..19861. See (ltapters 7 and S lonr the specific , 'mpes (it the contribution w
inappropriate economic policies to Amazonian deforestation and upper wkatcrshc,. 
degradation on Java.

42. David Pearce. Edward Barbier and Anil Markanava, "'nvironmental economic,, an
decision-making in sub-Saharan Altica". LEEC. Paper 8S-01. Paper for theConference on Swedish Development .- operation with Sub-Saharan Africa in the 
1990s, 6-8 September 1()88 

43. 	 Ibid. 
44. For exrmples of these studies see %V'VgrajDavid W Pearce, Resire fanae'meni I':llet Sudan Vorld flank: Washington. DC, July 1987); World Bank. Ilonesi. -Forests. Laoui and l-atcr: Issues in ,Suiamiah'Detelopment, dralt report World Ban.Washington. DC., March 1988- World Bank, Renerable Resource ,IManatemen.i 1p:

,'krrculture Operations Evaluation L)epartment. World Bank Washinizton. DC. 21June 1988); and Environmental Resources Limited ( ER1.j and MacI)ornald Aricutural Services, atural Resotur,e Alanac'ement tor ,Sustainabli,l)t'ei0oPmenr .'l tud\ ,"Feasible Policies, Insttutions and lInertment ,lctiriesin N\erpal w-ith Spectal Frnpitason the Hills, Interim Report. 2 Vols ,ERL London, Jul Iv The1088 author 
participated in the Indonesia and Nepal studies 

45. 	 See the discussion in Barbier, "Natural resources policy", op. cit
46. 	 See Conway and Barbir, op. cit., Chapters 8 and 9
47. 	 For discussions of the concept of livelihood in development and "sustainable 



Conclusion: An Economics of SustainableDezvelopment 215 

livelihoodi" analysis see Cnambers, op. .t.; . ' and b,, bItl, oi. L t., k-napter n: 
and World Commission on Environment and Development, Food 200:o;hb,
Policies tor Sustainab' eAcrcuiture (Zed Books: London, 1987,. 

48. 	 See Edward B. Barbier, "-conomic valuation of environmental impacts", Proie,t
Appraisal, Vol. 3, No. 3, September 198S'. and Pearce. Barbier and *\arkandva, op 
cit. 

49. 	 Richard Norgaard, -Environmental economics An evolutionarv critique and a plea
for pluralism", l,,urnai o t.,n''rorinmenif:conomcs and Mana'cnerit. Vol. 12 (1985 
pp. 382-94. 

50. 	 An earlier version of this model appeared in Edwkard B. Barbier. "Sustainable natural 
resource management as afactor in international economic securitv". Paper presented
at the Centre for Economic l'olicv Research Workshop on Economic Aspects o! 
Internaton.l Security London. 18 March :'88 l'he author is indebted to other 
members of the workshop tor their comments on this model, in particular Shanti 
Chakravarn', and to Anil Markandva, Karl-('oran .\taler and )avid Pearcc. 

51. See Bruce A. Forster, "Optimal consumption planning in a polluted environment",
Economic Record, Vol.49, 1973), pp. 5 '4-4l5; Bruce A. Forster, "Optimal control with 
a nonconstant exponential rate of decay','. 7'ri :'tronient E'conomics and 
Manaeement, Vol. 2 1975,, Pp. I -0; and Bruce A Forster, "Consumption-pollution
trade-offs" in J.D. Pritchard and S.J. Turnovsk', eds Applications of (ontrol Theor 
to Economic Anal'sis North-Holland: Amsterdam, 1977 

52. 	 As W is total waste from the economic process and thus comprises waste from 
exhaustible resource extraction, from renewable resource harvestminz and production
and consumption, it may appear that equation II i is double counting. But equation I 
is not accounting for the flow of material through the economic system but for the
total impact on the environment i.e. the "composite" resource base of the waste 
generation and resource depletion created b' the economic s'ystem For example, a
forest might be depleted Iaster than its rate of regeneration, whereas the total waste 
generated by the harvesting plus production and consumption of tile wood products
might not exceed the assimilative capacitv of the cnsironment. Lookmn at the total 
impact on the environment of 	 tils economic activitV would therefore require
accounting for both the impact ot the total waste cteneration which is negligible In this 
casei and the impact of the harvesting - which is si nificant. 

Note that, as stated, equation I i svmetrica1 that is. if the bioph%,sicai
constraints are observed i.e., W • A and , R + 1: G in the long run then the ratc 
of environmental degradation will be /ero or there may even be all Improvement iti
environmental qualitv. These effects , Ill be made more explicit later il the model 
However, it is worth nothing that observed environmental impacts are more likely to 
be asvmmetrical i.e.. in some economic-cnsvironnmental s'stems, it ma' take a long
time before observation of the hiophvsical constraints leads to anis improscment In 
environmental quahtv, whereas failure to observe these constraints may cause rapid
environmental degradation 

53. 	 "Environmentai quality' is defined ;as in Chapter " That I,. lollowine lecker, o f
cit., and Miiler, op. cit., it is assumed that environmental qualitv is measured bs -! 
stock of environmental goods that vield a flow it services proportional to that stock 
in each time period. H-owever, Becker dctnes this stock variable as "the diflerence' 
between the level o' pollution for which life ceases and the current level of pollution
Similarly, Miller's tntertemporal models consider only tile qualitv and flow ot waste 
residuals and recycling to have art impact on environmental quality. Ilere it ,
assumed that environmental qualitv may be affCctcd tnot only b% nct' wastC 
generation but also bs resource dCpletion, as both ot these ma, contribute ti
environmental degradation il biophvsical limits are exceeded See equation, I 'lh i
implies a fairly broad, but perhaps more realistic, concept (if the stock o! 
environmental goods. For a given type (f ecosstem with its associated energy tlow. 



216 Economics, Natural-ResourceScarcity andDevelopment
 
ameasure or environmental qualitv may include
the ecosvstem's biomass 

iin addition to Becker's definition)i.e., the volume or weight of total living material foundabove or below ground) plus some measure of the distribution of nutrients and othermaterials between the biotic living) and abiotic inon-living) components of theecosystem.54. As the previous note indicates, the concept of environmental quality adopted by thismodel isfairl' broad and essentially synonymous with the entire stock of environmental goods. Thc three basic lunctions, or services, ot this stock are the assimilation ofwaste, the production of material and energy inputs for the economic system and theprovision of amenitv, life support and general ecological services. Tlhis allows themodel to assume that, for all intent and purposes, A and G are increasing functions
of X. 

55. Forster, "Optimal control", op.cit. 



Index
 

absolute ecological constraint, xv-xvi, 36,

97, 98, 99, 100, 103, 104, 109, 111, 112. 

115, 126,204 


absolute scarcity, xii, 1-2, 3, 10, 23, 92-3.
97, 93, 103, 13 

seealso scarcity

adaptive measures, 150 

advanced economics 


effect on biosphere, 99, I17n 

energy consumption, 190-91 

and greenhouse effect, 139-42 

resource allocation pattern, 189 

and sustainable development, 189-92


agricultural rent, see rent 

agnculture 


Amazonian, 124-5, 126, 127, 129-32, 133 

ano greenhouse effect, 135-42

performance indicators, 49

policy in Indonesia, 167-81 

productivity, seeproductivity, agricultural
uneven impacts Irom global warming, 


139-42 

see also crops 


agro-ecosystems, 47-8, 50-51, 55-6

sustainability, 50, 51, 56, 115n, 121-2, 


187 

agroforestm, in Java, 164-5, 166-7, 171, 
 175

alternative economic approaches, xi, xv-xvii


features of, xv-xvi 

Atfazonian tropical forests, see forests,


Amazonian 

imenity services, Ceenvironmental services

%inencan Conservation Movement, 34
pplied sustainability research, 202-203 

rbitrage model, 66 

tmospheric general circulation, 128 


abunovic, M., 66 

arber, William J., 16 

arnett, Harold J., 1,4,6, 24, 34, 35, 66 

arrow, M., 66 


Baumol, William J., 75, 80
 
beaches, effects of sea-level rise, 145
 
Becker, Robert A., l18n
 
Beckerman, Wilfred, 32n
 
biophysical constraints, 188-9, 205, 207,
 

212n, 215n
 
biosphere, exploitation of, 97-9, 117n
 
biotic potential, 39
 
boreal forests, IV,

Brazilian Amazon, economic policies,
 

129-32
 
Broecker, Wallace S., 146
 
Brown, Gardner, Jr, 84
 
brown planthopper, 174, 176, 178
 
B'7on, R,. A., I57i
 
BULOG, 169
 

capital accumulation, 112, 113-14

capital-labour substitution, 8-9, 27-9, 189
 
capitalism, 20, 21
 
carbon dioxide, 133, 134, 136, 138, 156n,
 

157n
 
cassava, 170, 171, 
 172, 173, 175, 177, 178-9,


180, 182n
 
cattle ranching in Amazonia, 124. 125, 126,
 

129, 130-31,1 54-5n
 
cereals, 139, 140, 141, 
 142, 143
 
Chambers, Robert, 187
 
chlorofluorocarbons, 134, 151, 
 157n 
Ciriacv-Wantrup, SN., 83
 
Citanduv 11project, 163-4, 166

climatic change
 

in Amazonia. 126, 128-9
 
from greenhouse effict, 
 134-6, 146-51,
 

152
 
cloves, 172, 175
 
coal 

mining, 12, 141,17-18
 
pollution, 76-80
 

Coal Question, The, 14
 
Coase, R.H., 79
 



218 

Coasian bargaining. 79, 88n 

coffee. 170. 172, 175 

colonist settlement in Amazonia, 124-5. 


13U. 13, 133. 15on 

commodities 

commodity lctishism, 20 

export concentrations in, 193-4 

world distribution uf. 10 


common property. 67-9 
 73n, 94, 98, 116n 

communit; ecology, 39-10 

composition of output, chances it, 105 

conserationism, 3-4-8. 58n, 106 


resourcc-savnt, criteria, 36 

consumption, world distribution of. 190 

Conway. Gordon R.. .17. 
 187 

corn, 7. 9,15. 
 169, 170, 172, 175. 178-9 

cost-benefit anah-sis. environmental. 196. 


199-200 

costs 


monetized and unmonetized. 149-50 

opportunity, 82, 101 

production, 2, 9

residual, 149-50 

social, 75-8, 81, 85 

soil conservation, 165-6 

see also prices


credit, farmer. 130, 174-5, 176 

Crtique if theGotha Programnme, 20 

crop yields, 138. 158n, 162, 177, 178-9 

cropping patterns, improved, 163-4 

cropping systems. 106, 126, 177 

crops 


area planted in ]aa, 177
exported. 170. 172. 175 

production in java, 177-8, 180 

share of matur producers, 140, 1,41 

see aiso agriculture 

Daly, Herman L., 3 1n. 97 

Dasgupta. Partha, 04, 65, 66. 212n 

databases, 203 

debt and debt servicitn. 196-8 

decay of ecological processes. 86 

deforestation 


Amazontan. 99. 120-33. 1-1. 152-6 

eflects of, 126-Q 

pattern ol, 124-e 

rates of, 121 


Indonesian. 200 

depletion oiresources. see resource 


depletion 

depreciation of natural capital. 20o-201. 


214n 
Desat. Meghnad, 20 


Index 

descriptive ecolog.v 39
 
desertification, 99, 138-9, 150
 
design, changes in. 105
 
developing countries
 

data and methodology requirements. 
203-204
 

energy consumption, 190
 
financial assistance to, 112. 150, 151
 
food imports and aid, 1t2, 143, 
 15bn
 
and greenhouse effect, 13Q-42, 150, 151
 
manufacturing transferred to, I I7n
 
and sustainable development, 192-20 1
 

diminishing returns
 
in agriculture, 2,4, 7. 9. 12. 
 13, 1.1.16. 

17, 26-9, 30n, 32n
 
in exhaustible resources. 17
 

discount rates, 147-8, 159n, 199, 209-10
 
discounting the future. 
 193, 199
 
diseases, 126, 154n
 
donor agencies, 202
 
dung as fuel, 199
 

ecological decay/collapse. 86. 98-9. 109,
 
132, 207, 209
 

ecological succession, 40
 
ecology, 38-51, 55-7
 
economic development, 211-12n
 
economic growth
 

constraint on, .4, 5,6, 7, 8. 14. 
 16
 
effect on scarcity, 4
 
optimal sustainable (model of'. 189.
 

205-10,215n
 

and resource savings, 105. 107
and technological change, 12. 116in
 
and thermodynamics. 52-i
 

economic incentive for delorestatioia.
 
Amazonian. 131-2
 

economic policies
 
Brazilian Amazon, 129-32
 
Java, 167-81
 
for sustainable development, sc
 

sustainable development
 
economic-environmental interaction
 

flow diagram. 101-103
 
models of. 100-104, 110-15. 189
 

economically valuable resources. 2.1, 25, 35.
 
95. 97
 

economics, neo-classical definition of. xii
 
ecosystems
 

Amazonian. 121-4. 126, 12.
 
biomass, 118n
 
classified bv energy source and level, 
-. 

121
 
description of, 38-9
 



219 Index 

modification by man, 40-43. 46 

resilience of. 43, 45, 46, 47, 55. 59 -60n,


97, 116n 

shocks to, 44-5, 192 

stability of, 42. 43-S. 46, 17, 55, 59-60n. 


97, 103, 116n, 128 

total energy flow, 43, 44 


efficient resnurce conversion and use, 10i 

emission permits, 81 

energy consumption. 190-91 

air py, 52-55, 56, 100. 117n 

environment 


economic dependence or. + 

economic tunctions of. see environmental 


services 


productive function of, 86-7
 
quality of, xvi, 96, 103, 106, 108, 
 110-1-1. 


I18n, 126, 183-9, 204, 206-10, 

215-16nn 


value to humanity, 35, 82-3, 85 

environmental cost-benefit analysis, 196, 


199-200 

environmental costs of economic activity, 


75-87, 101 

environmental degradation, xvii, 8, 75, 9,1. 


96-8, 99-100, 103, 105. 107-14 passim, 

115n, 118n, I19n 

in Amazonia, 126 

and biophysical constraints, 188. 207 

as entropy, 54-5, 56 

and macro-economic policies, 201-202 

reducing, 101, 105, 187, 212n 

and sustainable growth, 205, 206. 207. 


209 

and underdevelopment, 21 

st alo pollution; upper watershed 


dc-gradation in Java 

en'vironmental economics, non-economic 


influences on, xi, 34-61 

environmental management, 
 106, 110-14. 


118t1 
environmental services, 13-14, 18, 23, 71. 


82-3, 85, 94-6, 101, 103, 110, I19n. 212n 

environmental standards, 79-30, 81
 
equilibrium state, 107, 210 

equitability, 50. 51 

erodability of land, 161, 167, 181n 

Esi4, on Population, An, 6 

evolutionarv ecology, 39 

echange value, 7, 16, 20, 21, 
 22 


seealso value 

exclusive ownership, 66, 79 

exhaustible resources, xiv-xv, 17-18, 23, 


63-6, 185-6, 188, 205,206 


existence value, 89n 
exploitation 

Amazonian trees. 122. 125. 153n 
difficulties of, xix
 
of lower-grade resources, 26
 
o renewable resources, b6-70
 

exports
 
concentrations in commodites. 193-4
 
crops, 170, 172, 175
 
of low and lower-middle income
 

economics, 193-4
 
externality
 

definition of, 87-8n
 
pollution as an, 75-8. 95
 

extraction costs, 24. 63, 66
 

[actor substitution, 105
 
FAO, 163, 17.1
 
farmer terms of trade, 171, 172
 
farming, see agriculture
 
feedback mechanisms, ,10, 41
 
fertility of land, 2, 9
 
fertilizers, xviii. 47, 163, 172, 173-4. 
 176,
 

179, 183n, 199
 
FINAM, 130
 
fishing, 67-9, 99. I 15n, 126
 
flood plains, Amazoman, 121, 122, 124, 126
 
flooding, 126, 136-7, 1,15, 155n, 
 161-2
 
-ood production, 140, 142, 143
 

food securits, 140. 112, 150. 158n
 
lorests
 

Amazonian. '16. 99. 120-33, 14M,152-(.
 
functions and uses, 122, 123
 
and greenhouse effect, 1.12. 1.1.1
 
Indonesian. 200, 201
 

Forster, Bruce A., 205, 210
 
-ossil fuels, 133, 150-51
 
Frank, j., 6t
 
free good, definition of, xix
 
fruits, 166, 169, 170, 171, 173, 175
 
functional ecology, 39
 
Fundo de Investimento da Amazonia. 
 130
 
future options. 

genetic materials, 122, 126
 
Georgescu-Roegcn. Nicholas, 53
 
global warming, see greenhouse effect
 
Goldatein, Jon H.. 8.1
 
Gowdy, John M.. 20
 
Grande Caraias Program, 129-30
 
Green Revolution, 169, 172
 
greenhouse effect, 99, 129, 133-52, 156-9
 

and advanced economies, 139-42
 
climatic change from, 134-6, 146-5I, 152
 



220 

costs of responses to, 147. 149-i0 

and developin countries, 139-12. 150, 


151 

impacts and policv responses, I.IS 

long-term changes, 1-4-6 

need for reearch, 151
 
policy respons-s to. 1.16-qt. 152 

share of maior producers in crops and 


livestock, I 0. 1Ii' 

short-term changes, 115-14 

sources of-,133-1. 156n 


groundnuts, sc peanuts 

growth. s'veconomic growth; population, 


growth 

(;uidciiis lor Proicci hZJhJiaiir. I'M 

harvesting, see exploitation 

hazardous wastes, xv11i 

Heal, Geoffrey M., 6,1, 65, 66. 212n 

higher yielding varieties (HYVs. 169, 173, 


179. 180 

Holling, C.S., -17 

Hotelling, Harold, 23, 63, 66 


igapos, 121 

import controls, 169, 170, 175 

incentives
 

investment, Braizilian Amazc,, !30-32 

soil conservation, Java, 163-7, 171. 179. 


181- 2n 

for sustainable development, 201-202 


income tax, Amazonian, 131, 132 

industrialized countries. eceads'anceJ 


economies 

innovations, 105-106, 107, 108 


see also technological change 

integrated pest management, 17.1. 176 

intercropping, 165 

intergenerattonai equity, 10(, 187-S. 192 

intertemporal theories, 69-70, I 8bn, 199 

investment incentives, Brazilian Amazon, 


130-32 

investment strategies, Java, i67- 9. 171, 172. 


175, 176, 179-81 

iron law iMalthus, o,9 

irreversible development, 82-3, 85. 166, 199 

irrigation, 169, 172, 173, 17.1,
17-

Ise, John, 57n 

islands, effects otsea-level rise, 1-15 


Java, upper watershed degradation, 160-8 , 


Jevons, William Stanley, 11-12, 11-16,23 


Kali Konto Project, 164 


Index 

Kamien, Morton 1., 65
 
Kemp, M.C., 66
 
Kitching, Gavin, 22
 
Krautkraemer, Jeffrey A., 87
 
Krutilla, John V., 24, 94
 

labour
 
as constraint on growth, 7
 
dependency, 11,23
 
substitution by capital, 8-9, 27-9, 189
 
terracing projects, 165-6
 
meorv of value, 10, 1)-20, 22
 

land-managemcnt improvements, 167-,
 
171
 

land scarcit,', see scarcity
 
land titling in Amazonia, 131, 132
 
land values, 131
 
limit to resource availability, 4
 
limited territorv concept, 6, 7, 10
 
livelihoods, sustainable, 187, 203, 2141-15,
 
livestock
 

share of major producers, 1.11
 
upper watershed projects, 16.1,
165, 16o
 

Long, N.V., 66
 
long-term scarcit,' 97, 103, 104
 
low-income food-deficit countries, 1.12,
14
 

macro-econotnic policies, 201-202
 
macro-micro analogy, 94, 109, 115n
 
Maddox. John, 157n
 
mahogany, 125
 
maize. 173, 177, 180
 
Maler. Karl-Goran. I 18n
 
Malthus. Thomas R., xiv, 1,2, 41,6-8, 9,
 

22-3, 26-9
 
Malthusian scarcity, see absolute scarcits
 
management techniques, 106, 110-14.,I ISr.
 
marginal social damage of pollution, 80
 
Markandva, Anil, 199
 
markets
 

imperlection, 66
 
prices, 5, 9, 18, 76, 81
 
and resource allocation, 97
 

Marsh, George Perkins, 35, 36, 55
 
Marshall, Alfred, 11,12, 16-19, 23, 77
 
Marx, Karl, 19-22
 
material-energy balance, 52, 100-101
 
material-energ, inputs, 87, 95, 97
 
Mill, John Stuart, 1,11, 12-1.1, 23, 31-2n,
 
82
 

mineral exploitation, Amazonia, 133
 
mining,scarcity, 12-13, 14-16, 17-18
 

monetized and unmoneuzed costs, 149-50
 
monopoly, 66, 79
 



moral issues, 36-7, 55 

Morse, Chandler, 1,4, 6,24, 34, 35, 66 

multicropping, 106, 171 


national income accounts, 200 

natural environments 

and pollution, 75-91 

preservation over time, 81-4 


natural growth rate, 67, 68, 69 

natural law theories, 4-5 

natural resources 


definition, 94 

scarcity of, see scarcity 


nature 

"bounty or, 5, 6 

heterogeneity of, 35, 36 

limited p,ductivity of, 10 

Marx and, 19-20 

nature-man continuum, 35, 36, 55 

and scarcity, 13-14, 18 


navigation, obstruction of, 162 

neo-classical economics, xiv, I1-12, 20, 23 

new materials, 26 

Newell, R.E., 128 

non-economic influences, xi, 34-61 

nonrenewable resources, 185, 188 

Norguard, Richard, 101 

Northern countries, see advanced economics 

nurseries, 165 

nutrient cycles, 126, 128, 144 


Oates, Wallace E., 75, 80 

Odum, Eugene P., 40, 43 

O'Hare, G.,42 

open access, 67-8, 69, 73n 

Opportunity costs, 82, 101 

optimal rates of depletion, 62-74, 87, 101 

optimal sustainable economic growth, 


model of, 189, 205-10, 215n

option values, 83 

Oram, P.A., 138, 139 

organization, 16-17,32n, 105 

over-exploitation, 67-8, 99, 193, 199 

Ovelgrazing, xvii, 131 


paddy, 171,173, 177, 178-9,180 

see also rice 


Page, Talbot, 36, 101,105, 187 

Pagln, Monon, II 

Pakistan villages, impacts on system 


Properties of, 51 

Paris Biosphere Conference, 37 

Pasture formation, effects of, 125, 126, 127, 


129, 130 


Index 22 1
 

peanuts, 170, 172. 177, 178-9. 180
 
Pearce, David W,.86, 188, 199
 
pesticides, xviii, 47, 163, 172, 173, 17, 
 179,
 

183n
 
pests, 122, 126, 174, 176, 178
 
petroleum vs coal, 15
 
physical limits of resources, 3-1
 
Physiocrats, 5.6
 
Pigou, A.C., 77
 
Pigouvian taxes, 75, 76-81. 88n, 89n
 
planning problem, 73n, 112,207
 
plants, Amazonian, 122, 126
 
polar ice-caps, 134, 135, 146. 157n
 
policy enabling incentives, 201, 202
 
pollution
 

abatement costs, 77-8, 80, 81, 191
 
as an externality, 75-8, 95
 
and market failure, xv, 81
 
and natural environments, 75-91
 
optimal control of, 78-81
 
taxes on, 75, 76-81, 88n, 89n
 
see also environmental degradation. waste
 

generation/assimilation
 
population
 

decline, 126, 154n
 
ecology, 39
 
effects of sea-level rise, 146
 
growth, 6,7, 8, 9, 11,12, 23, 140, 146,
 

150
 
potatoes, 174, 177, 178-9, 180
 
poverty trap, 193
 
preferences for environmental functions,


108
 
preventive measures, 150-51
 
prices
 

in agriculture, 202
 
pricing policies, Indonesia, 169-71
 
resource allocation by price, xiii
 
resource-price movements, 66

and scarcity, xiii, 24, 5,7, 9, 17-18.
 

24-5, 106
 
shadow price, 85, 108, 208
 
true value vs market price, 5
 
set also costs
 

Principlesof Political Economy (Malthus), o,
29
 

Princples of Political Economr (Mill), 12

Prinipleso/Political &onomv (Rlcardo), 10
 
product quality, changes in, 105
 
production costs, 2, 9
 
productivity
 

agricultural, xlii. 5, 10, 47, 50, 51, 125,

138, 140, 142, 143, 158n. 161, 162,
 
163-4,166,167,168,169,187
 



222 Index 

extractive process. 20 

tood, 140. 1.12. 14" 


profitabilitv and soil erosion, Java. 167. lom. 

171 


profits, decline in. 7. 1. I 123. 27. 29 

protection rates. 169-70. 17i 

public bads. 77 


quality of environment. ),',. environment, 

quality ot 


quality 01 resource., decline in. xiii. xix. 2 


rainfall patterns. 129. I3 ;. I 1-I, 13"5-(. 138. 

144 


Ramsey, Frank. 23. 63. 72t 

reciprocal pollution externalitv. 80 

Redclift, .. :hael. 21 

relative scarcity. xii-xii. 2. 3. 1, 11. 13, 18, 


23, 96, 100. 103, 109, 112. 113. I l6n 

see also scarcitv 


renewable resources, 36, 06-70. 95. 185, 

188,205 


rent, 6-7, 9. 30n. 32n 

replanting, 151 

research, agricultural. 176 

residential land. 13 

residual costs. 1.19-50 

residuals, 53-4. 61n, 75. 118n 

resilience of ecosystems, .13. 45, 46, 47. 55, 


59-60n. 97. I Ion 

resource accounting. 200-201 

resource depletion, xiv-xv. 2. 23, 21. 86. 98, 


99, 118n. 215n 

optimal rates, 62-74. 87, 101 


resource-price movements. 66 

resource-saving, seemnovations; 


technological change 

re-use of waste, 26. 36. 61n 98, 101. 103. 


15, 110,II. 112, 113, 118n 

Ricardian scarcity. see relative scarcity 

Ricardo. David, xiv. 1, 2,4, 9-1I, 22-3. 


26-9 

rice, 168-9, 172. 173. 17-.1,175, 176, 177. 


178 

ricefield as agro-ecosvstem, 48 

see also paddy 


rivers, flow and storage of. 136-8. 161-2 

road building in Amazonia, 12.1 

Rondonia, 124. 125, 154n, 155-6n 

royalties in mining, 17-18 

rural credits, 130, 174-5, 176 


scarcity 

alternative view, 92-119 


classical approacnes to.4- 11
 
historical approaches to. I-33
 
mining. 12-13. 14-I6. 17-18
 
modern convenional view. 22-6, 62-"
 
see also absolute scarcitv relative sc-arc
 

Schwartz. Nancy. L., Oi
 
sea-level rise. 135. 1.14-t.. 151. 152. 15r
 

159n
 
sedimentation. 161. 102, 18In
 
semi-renewables. 9i. 185. 188
 
shadow price. 85. 10.. 208
 
shflting cultivation. 121-2. 120
 
shocks to ecosystems. .14-5. 192
 
short-run scarcity. Ot
 
smallholder production ii Java. 166, 167
 

169, 172
 
Smith, Adam, 5-6. 7.22
 
Smith, V. K:rrv. 2.1.66. 94
 
Smith, V.L.. 67
 
social costs. 75-8. 81. 85
 
social value, .-17, 50. 63. 6.1, 67, 95, 96, (
 

110-14
 
soil composition changes, 126, 127
 
soil conservation
 

costs, 165-6
 
incentives for, 161-7, 171. 179, 181-2
 

soil erosion. 20-21, 22, 99. 108, 126
 
Java, 160-64. 166-9. 171, 174
 

on and off-site effects, 161-2
 
and prot'itabditv. 167. 168
 
strategy ior reducing, 102-3
 

soil run-off, 126
 
solar energy, 101. 105
 
Solo Watershed proiect. 163
 
Solow. Robert M., 6i
 
South America, affected by Amazonian
 

leforestarton. 128
 
soya beans. 170, 172. 173, 175 177, 180
 
squatting, 131-2. 155n
 
stability
 

agro.-cosystem. 50, 51, 56
 
ecosvstem, 42. 43-5. 46, 47, 55. 59-64
 

97, 103, 116n. 128
 
stagnation, 8. 23
 
stationarv state. 12. 1.I. 3In, 69
 
Stiglitz, Joseph E.. 65, 66
 
stock depletion. see resource depletion
 
stock of environmental goods, I18n
 
subsidies, 165. 169, 170, 172-4, 175-6. 1
 
subsistunce, 6,7, 15
 
substitutability, 2.1.25
 
substitution, xii, xiv, xviii, 2, 4, 15-16,
 
25-6, 64-6
 

substitution of capital for labour, 8-9, 27
 



223 

sugar, 169, 170, 171, 173, 175, 183n 
Superintendency for the Development of 

the Amazon (SUDAM), 130, 131. 155n 
surveying methods, 85-6 
sustainabilitv 

agro-ecosystem, 50. 51, 56, 1 15n, 121-2, 
187 


ecological, xvi, 47, 50, 51, 55. 59-60n 

sustainable development, 37, 38, 103 


and advanced economies, 189-92 

definitions and conditions, 184-) 

and developing countries, 192-20.; 

incentives for, 201-202 


sweet potatoes, 170. 177, 178-9, 180
 

tax incentives, 130. 131, 132 
taxes on pollution. 75. 76-81, 88n, 89n 
technological change, xiv, .4.11,12, 14, 15, 

26, 28, 29, 64, 65, 69, 83, 98, 116n. 186 
see also innovatiuns 

temperature change, 1341,135, 136. 137. 
138, 139, 144 

terraime,Amazonian. 121 
terracing, 163-4, 165-6. 167, 175 
thermodynamics, 51-5. 56, 100, 107 
throughput concept, xv, xix 
timber exploitation in Amazonia, 122. 125, 

130, 154n 
Tivy, J., 42 
trace gases, 133, 13-1, i50, 151, 156-7n 
trade-offs, xvi, xviii. 38, 87, 92, 93. 10S. 

109, 113, 1.17, 185, 187, 188-9, 190. 205 
trash dumping, 77, 88n 
trees 

Amazonia. 122, 125. 153n 
growing in Java, 164-5, 166-7 

tropical forests, 121, 152-3nn 
see also for-sts, Amazonian 

uncertaint.', 70, 71n, 80, 81-2 

Index 


underdevelopment and environmental 
degradation, 21 

unidirectional pollution externalty. 80 
UNIDO, 196 
United Nations Conference on the Human 

Environment, 37 
unsustainable development, xvii, 
upper watershed degradation in Java. 

160-83 
see also environmental degradation 

use values, 20, 21, 22 
see also value 

user enabling incentives. 201, 202 

valuation of natural capital depreciation. 
200-201 

value, 5, 7, 9, 10-11 
see also exchange value; land values; use 

values 
value theory, 10, 19-20, 22 
variable incentives. 201, 202 
varzeas, 121, 122, 124, 126 

Washington, DC, Conference, 37 
waste generationiassimilation, xv. 24, 47, 

57. 86, 95-96, 97. 98, 99, 118n. 188, 205, 
206, 215n 
see also pollution 

water pollution, 162 
water recycling, 128 
water run-off, 126. 128. 171 
welfare, 17. 50, 63, 64. 67. 95. 96. 103, 

110-14 
West, Edward, 9 
whaling, 70 
wildlife reserves, 84, 90n 
World Bank, 160, 171. 202 
World Commission on Environment and 

Development, xviii, 185 
World ConservationStrategy, 35 


