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ECONOMICS AND NATURAL-RESOURCE SCARCITY

Although the analysis of environmental and resource problems is
considered a comparatively new field in economics, tormal economic
analysis of' narural-resource scarcity can be traced back to classical
political economy and the foundation of economic ideas. Contemporary
approaches to problems such as pollution, optimal depletion rates and
common-property exploitation are. however, substantiaily different from
the classical concern with the scarcity of arable land and diminishing
returns in agriculture. Not only has environmental cconomics benefited
from general developments in ' modern economics, but it has also been
subject to important non-economic influences, namely environmental-
ism, ecology and thermodynamics. Ca the one hand, incorporating these
influences presents a fundamental challenge 1o conventional economic
analysis; on the other, they can be assimilated inio more integrated
alternative cconomic approaches for analysing the trade-off between
resource use and environmental problems.

The essential theme underlying these alternative approaches is that
environmental degradation arising from economic activity imposes costs
on the economic system. These costs may or may not be caprured by the
markets of that system. Nevertheless, if these costs are increasing over
time then they arc an indication of a new type of narural-resource scarcity
phenomenon. The rising costs associated with environmental degradation
also suggest that the current pattern of cconomic development may not,
in the long run, be environmentally sustainable. Thus, the emerging
alternative approaches to natural-resource scarcity are essentialy.
responses to anew class of environmental problems confronting the world
today such as deforestation, climatic change from globai warming, acid
rain, desertification and watershed degradation. These problems both
result from and lead to more complex economic-environmental interac-
tions than more conventional models of pollution discharge or resource
depletion would suggest. This book is essentially about those contempor-
ary developments in environmental and resource economics which are
concerned primarily with the long-run sustainability of economic sctivity.
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[t is important ic remember that these new approaches are just the
latest phase 1n 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 contributien to economic analysis
is to contrast them with more convenuonal approaches and to examine the
historical evolution of the cconomic analvsis ot natural-resource scarcity.
This is the approach taken by this book. Therefore, one is able to idenuty
many common themes arising throughout the evolution of the economic
analysis of environmental problems. For example, one important theme
that will arise consistently in this book is the distinction between an
abselute. or physical, natural-resource scarcity phenomenon and a
relative scarcity phenomenon. The tormer has often been reterred te as
Malthusian scarcity and the latter Ricardian scarcity.

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

Absolute natural-resource scarcity 1s tatrly straightforward. It may occur
if an economic activity or a whole svstem of economic activities depends
upon an essential natural resource that has a finite limit on its physical
avatlability. As that resource is depleted through use in the economic
process, it may beceme absolutely scarce in a physical sense: there will be
no more of that resource to be used. Absolute natural-resource scarcity is
otten 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.

Relatrve natural-resource scarcity is a slightly more complex concept, yet
it goes right to the heart of modern nco-classical ¢ onomic analysis.
According to nco-classical theory, econornics is *“a science which studies
human behaviour as a relation between ends and scarce means which have
alternative usc”.! 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. Howevcr, some resources
are more relatively scarce than others. For example, a resource that 1s
relatively abundant, such as air, may be used simultaneously for many
actvities (c.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 tulfil one use (e.g., generating clectricity)
will mean less of the resource will be available to tulfii alternative use (e.g.,

domestic heating).

[n a market cconomy, relatively scarce resources 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 formally, if the price of a relatively scarce
resource were dropped to zero, then the quantity demanded of that
resource must exceed the quanuty supplied. Alternatively, if at zero price
the quantity demanded does not exceed quantity supplied, then clearly
the resource is not refatively scarce. This implies that all potential uses of
the resource can be fulfilled even if no price is charged.? Thus, under
cfficient market conditions, the increasing relative scarcity ot a resource
should translate into higher relative prices being charged for it.

Relative natural-resource scarcity would occur, theretore, if a resource
essennial 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. 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 ar 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 bigher.

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 procuctive natural resources imposes such
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high costs within the cconomic system rhat growth in output cannot
occur. In turn, this depends on whether higher relative prices automati-
cally 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 cconomic theory, cconomists 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 cconomic growth and distribution (sce
Chapter 1). The association of absolute scarcity with Malthusian scarcity
arose because the Rev Thomas Malthus is thought to have argued that the
fixed availability of agricultural 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 cconomists of the late nineteenth and early
twentieth centuries otten ignored the possibility of any natural-resource
scarcity constraint on growth and chose instead to focus on the ctficiency
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 cnergy
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.c., growing) economy, it was
generally believed that relative scarcity of narural resources would not
operate as a long-term constraint on cconomic 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 automatically alleviate any 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.’ 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 tor renewable
resources, such as iorests and {1sheries, where the rate of stock depletion
can exceed the natural rate ot regeneration. These features underline the
potential relative scarcity of economically valuable natural resources; as a
result, the problem ol natural-resource scarcity was perceived to be
fundamentally one of determining the optimal rate of depletion/
management ot such exhausuble/renewable stocks so as to maximize
utility-vielding consumption over ume. This became the conventional
cconomic theoretcal approach to the problem of natural-resource
scarcity (see Chapier 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 interteres with the health,
amenity and recreational benetits provided by the natural environment. It
has been acknowledged, however, that these costs are often aftlicted
externally to the market mechanism.” In other words, since the negative
tmpacts, or costs, ot pollution are not automatically retlected in the market
prices ot waste-generating commodities, pollution is considered a classic
example of market tailure. In modern neo-classical cconomics. this
characteristic ot pollution usuaily atfords it separate treatment trom the
phenomenon of natural-resource scarcity, where the relative scarcity of
depletable natural resources is assumed to be retlected in market prices
.sec Chapter 4). Thus, according to the conventional view, depletion of
resource stoeks 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 narural-resource scarcity. From this emerged what could be termed an
alternative to the conventional cconomic 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, the common perspective underiving these approaches ccn-
tains two distinguishing features. First, resource depletion and waste
generation by the economic system tend to be scen as an integral process
- the tharoughput of material and energy resources in the economic
system.’ Secondly, because of this fundamental economic-environmental
interaction and the inability of the narural environment to sustain
indefinitely the conversion of its resources into waste, an absolute
ecological constraint on cconomic activity leading to the growth of
physical output is said to exist. Initial studies portrayed this constraint in
tecms of the global limits on the physical availability of many economi-
cally valuable natural resources such as fossil fuels and timber.* More
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recently, cconomic analysis has focused on the ecological damage of
cconomic activity, the misallocation of resources and even growth to the
biosphere and its natural ecosystems (sce Chapter 5). What this means 1s
that, in the long run, an absolute ccological constraint may arise because
the increasing cnvironmental degradation inflicted by the economic
process irrevocably disrupts natural ecosystems, permanently irapairing
essential environmental functions on which economic activity and human
welfase depend.

This approach is also concerned with a fundamental relative-scarcity
problem. As the environment is increasingly being exploited for one setof
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 ccological functions. These range {rom
recreational, health, cultural, educational, scientific and aesthetic services
to the maintenance of essential climatic and ecological cvcles and
functions. Thus the crucial focus ot an alternative analysis is on the trade-
off between, on the one hand, environmental quality and sustainability
and, on the other, resource depletion and waste gencration by the
economic process (see Chapter 3). The main objective is to demonstrate
the physical dependency of economic activity on the sustainabiiity of
crucial natural-resource systems and ecological functions, and to indicate
the economic costs, or trade-offs, resulting trom the failure to preserve
sustainability and environmental quality. The result is an cmerging
theoretical justification, increasingly supported by applied analysis, for
incorporating environmental considerations into cconomic policymaking,
planning and project analysis, as part of an overall effort to achieve
sustainable economic development (sce Chapter 8).

This alternative approach may be particularly applicable to cascs where
cumulative resource depletion and degradation through economic over-
exploitation lcad to severe ecological disruption and the collapse of human
livelihoods. For example, with continuous tropical deforestation there
may be adverse local and inter-regional ccological disturbances that
radically alter raint:1l patterns, climate 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 trom industrial activity may
significantly affect agricultural productivity and thus the ability of some
regions of the world to feed their populations (sce 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 strategics 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 ot
people to over-exploit existing resources in order to survive. Their herds
overgraze: their shortening fallows on steep slopes and fragile soils induce
crosion; their need for off-season and off-farm incomes drives them to cut
and sell fuclwood and to make and seil charcoal: thev are forced to
culuvate and degrade marginal and unstable land.’ The result is
irrevocable environmental damage with long-term cconomic losses.
Assuming no change in the current distribution ot land and other resource
assets, the number of subsistence farmers, pastoraiists and landless
houscholds - groups representing three-quarters ot the agriculrural
houscholds in developing economies - will increase by 50 miilion, to
nearly 220 million, by the year 2000."" Without adequate livelihood
opportunities, these resource-poor houscholds 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.
[t 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
cconomics, and also its limitations. In particular, this book will attempt to
integrate and develop this alternative perspective into a coherent model
suitable for the economic analysis of environmental problems. Thus,
much of the final part of the bock 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 circle. There may be conditions
under which present parterns of resource exploitation have transgressed
ecological thresholds. A new 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 cconomics to analyse these new kinds of natural-resource
scarcity and the environmental conditions for sustainable development.
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It mayv sull be theoretically possible in the nco-classical system to
conceive of scarce resources as being infinitely substitutable so that
economic growth, in principle, can proceed forever. However, there 1s
increasing concern that actual economic svstems do not always contain
the automatic self-regulating mechanisms tor ensuring the perpetual
environmental sustainability of current cconomic development paths.
Consequently, if @ more sustainable development path is our objective,
there must be a consistent economic analysis of the problems arising trom
environmental degradation and the trade-offs implicit in anv ecological
constraints.

For example, the recent report of the Warld Commission on Environ-
ment and Development makes it very clear that our current global path ot
economic development is unsustainable.!! To quote just a tew examples:
more land has been cleared for settled cultivation in the past 100 vears
than in all the previous centuries of human existence; over the last 35
vears, the consumption ot chemical fertilizers increased ninetold, the use
of pesticides increased thirty-two fold ond irrigated areas doubled; and
around 325 to 375 mullion tonnes of hazardous wastes were generaied
worldwide, with around 5 million tonnes produccd by newsiv 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 wav 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 | and 2) provides an
overview of the historical background to environmental and resource
economics and analyses the impact of environmentalism, ccology 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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Historical Approaches to
Natural-Resource Scarcity

The focus of this chapter is the historical development of economic
theories of narural-resource scarcity, from Adam Smith and the classical
ecconomics through to the landmark 1963 study by Barnett and Morse,
and the contemporary conventional view. These theories have tradition-
allly been classified as cither *‘pessimistic Malthusian” models that
-uggest a long-term absolute natural-resource scarcity constraint or
“opumistic Ricardian™ models that do not assume anv absolute limits but
only admit that resources decline in qualitv and are theretore relatuvely
scarce. The major themes of this chapter are, tirst, to examine how well
these Ricardian and Malthusian labels it the classical and neo-classical
theories of natural-resource scarcity, and sccondly, to demonstrate how
adoption of the Ricardian perspective on resource availability allowed
more modern 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 intluence 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,



2 Economics, Nutural-Resource Scarcity und Development

consequently, would bring about diminishing returns per capita.
The other, or Ricardian, version viewed diminishing returns as a
current phenomenon, retlecting 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 homogencous in quality, whereas Ricardian
scarcity portrays them as varying in quality. In the absence of technolog-
ical change, both scarcity etfects eventually constrain cconomic 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 sct in until the absolute limits of the available stock of natural
resources is reached. In contrast, “*Ricardian diminishing returns take
etfect from the outset, thus requiring no specification concerning the time
horizon and no assumption of an absoluie 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 etfort 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
te no difference in the quality of the resource stock; theretore, 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.la, Malthusian scarcity reflects a situation of
absolute scarcity. The finiteness of resources - the physically limited
stock of land - acts as a constraint on the expansion of output. Morcover,
it is only when this absolute limit is reached that this scarcity effect 1s
conveved 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 1.1b). As resources are used in successive grades of
declining quality, the costs of resource-use risc. Consequently, as soon as
the initial stock of the highest quality resource is fully employed (O A'),
physical scarcity is translated into relative scarcity measured by price
movements. The economic system should therefore automatically
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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 alwavs
another extensive margin, another plateau of lower quality, which will be
reached betore the incrcasing intensity ot utilization becomes intoler-
able”.' As long as there are sutficient factors working to offset the
progression of Ricardian diminishing returns, cither by making poorer
quality resources more cconomical 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 accompanving anv Ricardian scarcity effect
should stimulate technical progress and thus foster *‘discovery or
development ot alternatve sources. not onlv equal in economic quality
but often superior to those replaced”.® This existence of Ricardian
scarcity implics that economic growth may lead to a temporary, increasing
relauve 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
Morsc and others suggests that the contemporary debate has its
fundamental roots in, and perhaps was cven 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:

1) the role of price as a measure of “relative” (exchange) scarcity;
i) the role of natural-resource inadequacy as an “‘absolute” constraint
on growth; und
iif) the role of technological progress in alleviating any scarcity-
induced constraints on growth.

Classical cconomics 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, cconomic 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 exvanding the total volume of
economic activity”.* Morcover, 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 Putfendorf) and the Physiocrats (such as Quesnet), whose writings
tormed the ideological basis for the classical doctrines. Although in the
natural 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 tundamental economic problem and the rationale for the existence
of prices as indices of scarcity.” These fundamental differences with
modern cconomics limit the extent to which classical scarcity doctrines
can be compared with the contemporary cconomic debate over natural
resource scarcity.,

Adam Smith

In the Wealth of Nattons, Adam Smith was searching for an unvarying
standard 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 tashions, on temporary relations between supply
and demand. did not appear satisfactory™.* For this reason, he emphas-
ized the distinction between the true value. or “natural price”, of a
commodity and its market price, where the former is determined by “'the
amount of labor commanded in the market” and the latter by the “'relative
scarcity” of goods in short supply.® Thus pricc may serve in the
marketplace as an indicator of the relative scarcity of goods in short supply
versus 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 carth, or any other
natural-resource scarcity problem, would pose a threat of an absolute
constraint on cconomic growth. Instead, “Smith’s account rested on the
presupposition that nature was gencrous ... like the Physiocrats before
him, he viewed agriculture as capable of vielding 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.c., 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 cxchange relationships, privare property institutions
and the pattern of income distribution. It is these distributional and social
responses to the relative scarcity of agricultural output - and not the
economic dependency on natural resources - that cventuallv produce a
stationary state. i2

Srith’s doctrine does contain some semblance of the modern concern
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with relative scarcity and constraints on growch. However, the unique role
of social relations and distributional consequences in his analysis plus the
failurc 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 Malthus,
especially those expressed in An Essav on Population, that are associated
with the concept of an absolute constraint on growth."> As Barnett and
Morse comment, however, Malthus’s Essav *is far more an analysis of
population than of narural 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
sav 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 bevond the means ot 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 Econorny, 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.'? In doing so, Malthus made several important departures from
the “‘bounty of nature” view shared by the Physiocrats 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.'® In the Malthusian system, as populazion 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”.'* However,
cultivation of lower-quality land would be unacceptable to the landlord
“unless he could, at the least, obtain the same rent as before”.?’ As the
extension of agricultural land to less fertile acrcages would require more
effort in terms of capital and labour to produce the same output as before,
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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 cach labourer, and more
labour 1s increasingly required, then the division of the return to capital
and laoour eventually tavours the latter, causing profits to decline.*! In
turn, as *‘the cost of producing corn and labour continually increases”
relative to “‘the cost of producing manutactures and articles of com-
merce”, profits and capital accumulation in the non-agricultural sector
*‘must continue to fall”.??

Consequently, for Malthus, the inevitable constraint on cconomic
growth emerges from two interlirking causes: the advent of diminishing
returns in agnculture 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.c.,
“*corn”) ** In effect, although the narural-resource (agricultural) scarcity
problem is inherenty physical (diminishing returns due to the constant
application of a variable input, labour, to one tixed in supply, land), it
manifests itself as a “‘relative” scarcity phenomenon thigher prices for
subsistence and labour).*

This view that physical scarcity must translate into relative scarcity
conveved by exchange relationships is not surprising given Malthus's
belief that all value, cither real or nominal, is reflected in exchange value.
Malthus adhered strongly to the view that market forces determined both
product and factor prices and, consequenty, incorporated into the
measurement of real value “the money price of common agricultural
labour”. As aresult, 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”.?

Although Malthus believed that agriculture was physically dependent
cn 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. [t 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
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through which the constraint becomes binding. Indeed, Malthus appears
to hint at this in his Essay:

{n this supposition no limits whatever are placed to the produce of
the earth. [t 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.:’

In fact, without making any additional assumptions concerning resource-
saving technologicai 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 Iabour 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 protit 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, of course, protect the share of profits 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 accurnulation 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 und Morse, and others. The Malthusian system
also differs from contemporary alternative theories of narural-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
entire economic process, and not just agriculture, being directly dependent
on the limited resources of the natural environment. This condition is an
external, ccological or biophysical, limit resulting from the increased
environmental degradation and ccological 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 his
famous statemnent that, as the price of comn rises “with the difficulty of
producing the last portion of it”, to:al rent of all agricultural land must
increase:

Rent, it must be remembered, is not in proportion to the absolute
fertility of the land in cultivation, but in proportion to its relative
fertility. Whatever cause may drive capital to inferior land must
elevate rent on the superior land; the cause of cont Eeing, as stated by
Mr Malthus in his third proposition, *the comparative scarcity of
the most fertile land”. The price of corn will naturally rise with the
difficulty of producing the last portions of it, and the value of the
whole quantity produced on a particular farm will be increased,
although its quantity will be diminished; but as the cost of
production will not increase on the more fertile land, as wages and
protits taken rogether will continue always of the same value, it is
evident that the excess of price above the cost of production, or in
other 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 Malthus, Ricardo is often credited with
identifying the scarcity of natural resources (arable land) as a relative
scarcity etfect 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 agriculrural
rents and increased employment of labour and capital on less fertile lands
must be a decline in the share of profits.?® In addition, Ricardo was clearly
a Malthusianist in that he accepted Malthus’s iron law of population
expansion as the central ingredient of his system.* In both the Ricardian
and Malthusian systems, population growth is the primary causative
factor leading to the cultivation of less fertile lands and the consequent
diminishing returns in agriculture; over the long run, the continual
expansion of labour causes profits to decline as a greater proportion of
output is distributed as wages and rent. Finally, both Malthus and
Ricardo suggest that quaditative differences in the fertility of land are
important determinants of rising rent and agricultural prices, although
Malthus considered this to be only one of several important factors. In
fact, it has been noted that Ricardo gave “full credit to Malthus and
Edward West for the authorship of the rent doctrine”, as is implied in the
above passage. !
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In contrast to Malthus, Ricardo did not include any explicit concept of
an absolute limit to natural resources (land) in his analysis. Whereas
Malthus stated that such a limit exists, dictated by *limited territory™,
Ricardo simply maintained that nature has “limited the productive
powers of the land”.'> Although modern writers often infer from this
distinction that Ricardo “‘implicitly doubted the significance of Malthus's
ultimate limit”," it may have been that Ricardo considersd a more
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
beneticent 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, 100, gencrously and gratuitously.*

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
was more interested in describing the resource limitations imposed by
nature in termns of the “limited productive power” of nature. As nature
“becomes more niggardly in her gifts” of “labor”, further cultivation
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 necessary to describe the natural resource (land) scarcity
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 ineasure of all economic values, whether itis
“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 tcundation of
value is not related to ‘scarcity’ in any sense of the 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™.’ Ricardo’s approach is
theretore equally incomparable witlt the relative scarcity approach of the
contemporary conventional view of natural-resource scarcity.

If the decline in profits and cconomic stagnation in the Ricardian
svstem ultimately results trom the assumption ot 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 expansion, then there
would no longer be a natural-resource scarcity constraint on growth (see
the appendix to this chapter). Significandy, although both Malthus and
Ricardo did acknowledge the etfects 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 in 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, anv decline in protits might be
“*happily checked at repeated intervals by the improvements in machinery
connected with the production of necessaries, as well as by the discoveries
in the science of agriculture”. But over the long run, ‘‘the narural
tendency of protits then 1s to fall” as these technological improvements
are overridden by cventual diminishing returns in agriculture due to
population expansion and economic dependency on labour as a produc-
tive input.* In contrast, Malthus maintained that technological improve-
ments could, over the long run, increase output.’® 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 modemn 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 (margmallst) cconomic
thought, and from the classical views on scarcity to the modern
conception of the natural-resource scarcity problem.

John Stuart Mill

As his Principles of Political Economy rcvcals, John Stuart Mill clearly
shared the classical cconomic view that, in the long run, cconomic
expansxon would cventuallv encounter the problem of dxmmlshmb
returns in agnculturc, which in turn would lead to falling protits, 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 ot the means of
subsistence made room for it”,*” and in the cconomic *‘fact” that the
“limited quanuty of land, and llml[Cd productiveness of it, are the real
limits to the increase of production™. ™

Unlike his predecessors, Mill acknowledged more explicitly the
important counteracting intluences of tcchnological “improvements” in
postponing the incvitable 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
improvements could be sufficient to support economic growth:

If population were stationary, and the produce of the carth 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.*s

In addition, Mill extended the classical concept of natural-resource
scarcity to non-rencwable mineral resources. Aithough 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.** 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



Historical Approaches to Natural-Resource Scarcity 13

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
riches 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
phenomenon that comes into operation *long before the final limit is
reached.”* Hence, Mill argued strongly in favour of the relative-scarricy
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 thar its gradually increasing
scarcity must be reflected in ‘‘an augmentation of cost and therefore of
price”. ¥

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 services represent alternative
uses of natural resources (e.g., land), of which Mill distinguishes two
types. On the one hand, there is the specific, more narrowly defined use
of land as living space for residentiul use. Given that this use is subiect to
private property rights, Mill suggests that its relative scarcity would also
be retlected in market conditions: "*Land is used for other purposes than
agriculure, cspecially 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.”?

In an oft-quoted passage, Mill considers a more general alternative use
of narural 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 narure; 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 pleasanmess 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 thern to it.5!

.. In this passage, Mill appears to be suggesting that certain services
provided by nature, such as solitude, meditation, narural beauty,
spontancous 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 thar prescrvation of these vital
services may motivate society to consider the stationary state as a desirable
outcome “long before necessity compels them to it”.52

Mill's analysis of natural-resource scarcity provides an important
bridge between classical and more contemporary views.s? For example,
Mill acknowledged the importance of icchnological improvements in
postponing any scarcity constraint on growth, which he portraved 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.’ First, in contrast to the
classical economists (with the exception of Mill), Jevons considered that
the potential exhaustibility of non-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.’

The Coal Question was 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.*®

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”.’” Jevons
consequently believed that the ‘‘inevitable exhaustion” of these reserves
“will be marked part passu 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”.®¥ 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 distillation of
some kind of coal at considerable cost”.*® 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.? 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’.3

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 effective
supplies, develop cost-effective substitutes and thus alleviate any poten-
tial constraint on growth. Thus the failure of Jevons’s predictions
reinforces the conventional view that the economic process is not
physically dependent on any one cxhaustible resource, and hence
threatened by its depletion. The relative scarcity of that resource should
automatically stimulate the appropriate market conditions necessary to
offset any threats to overall economic activity.

Alfred Marshall

As Barber notes, “From his vantage point in time Alfred Marshall could
observe that the gloomier classical prognoses on the fate of the economy
had not, in fact, been borne our, "4 Marshall was, however, careful to
preserve those aspects of the classical theory that he felt were accurate.
For example, in his analysis of land scarcity, Marshall essentially agreed
with the classical economists that agriculture displayed diminishing
returns. He observed that “an increase in the capital and labor applied in
the cultivation of land causes in general a less than proportionate increase
in the amount of produce raised unless it happens to coincide with an
improvement in the arts of agriculture”.55 Nevertheless he qualified this
statement by explaining that diminishing returns “may indeed be held in
check for some time by improvements in the arts of production and by the
fitful course of the development of the full powers of the soil; but which
must ultimately become irresistible if the demand for produce should
increase without limit”.¢¢ Similarly, Marshall maintained that the real
contribution that Ricardo in particular makes to the understanding of
diminishing returns in agriculture is that “it shifts the centre of interest
from the mere amount of the farmer’s produce to its exchange value in
terms 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 thar comes from organization,” Marshall argued,
“Ricardo and the economists of his time generally were too hasty in
deducing this inference from the law of diminishing return”.6% Higher
agricultural prices should lead to improvements in the organization of
rural 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 worth
more; 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, and
with 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 fertiliry.

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.®®

As for the extension of the “law of diminishing return’” to mining and
exhaustible resources, Marshall takes a completelv different viev: 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 capitnl and labor to mines
will result in a diminishing rate of yield. But this yield is not a ner
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 a giving 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.”

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
rescrves approach exhaustion, but also to the rare of mineral depletion.
The same mine could be exhausted at a faster rate over a shorter period of
time 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”.” 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 rewumns 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 narure’s storehouse . .. therefore the marginal suppl:
price of minerals includes a royalty in addition to the marginal expense
of the mine”.”? As the deposit approaches exhaustion, the higher will b,
the discounted present value of the minc, the royalty and thus the marke-
price. So even though the relative scarcity of exhaustible resources mar
not “conform to the law of diminishing return”, it is reflected in highe:
market prices.”

Like Mill, Marshall also acknowledged that land and nature might hav
important functions other than simply providing inputs for production
He wrote, “the natural beauties of a place of fashionable resort have :
direct money value which cannot be overlooked; bur it requires som
effort to realize the true value to men, women and children of being abl
to stroll amid beautiful and varijed scenery”. Similarly, Marshall observec
that the “services which land renders to man, in giving him space and light
and air in which to live and work, do conform strictly to the law o1
diminishing return”’. For any “expenditure” to improve or supplement
such services (such as the use of artificial means to supplement natura!
light and ventilation), “‘there is a return of extra convenience, but it is g
diminishing return”’. "+ Moreover, althnugh “improvement of the envir-
onment, which adds to the value of Jand and of other free gifts of nature.
is in a good many cases partly due to the deliberate investment of capital
by the owners of the land”, Marshall also noted that “in many cases this
is not 50”; 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”’.?s

These brief hints in his writing indicate that Marshall considered
environmental services to have a crucial economiic role On the one hand,
he appeared 1o acknowledge that the “direct money value™ of some
essenual environmental services underestimated their “true value”. In
addition, the externality problem in which there are unaccountable
increases in “the net income derived from the free gifts of nature”
suggests that natural services often make important contributions to
production that bypass market transactions. Finally, the diminishing
returns of any artificial improvements in these services highlights their
relative scarcity, e.g., “the growing difficulty of getting fresh air and light,
and in some cases fresh water, in densely populated places”.

Marshall’s discussion of the problem of natural-resource scarcity
learly reflects the emerging conventional view thar still predominates
oday. This is particulary true of the assumption that natural resource
carcity, whether in land or mining deposits, must be reflected in market
yrices, which in turn induce the necessary ameliorating innovations. On
he other hand, Marshall’s understanding of the economic role of
nvironmental resources is currently emphasized by more alternarive
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contemporary views. However, one should note that compared to the
classical economists, Marshall devoted very little space in his Principles to
the problem of naturat resource scarcity, which is perhaps an indication
that 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 natural-
resource scarcity has focused largely on their emergence within the
classical and neo-classical schools of thought. This is because most of the
contrasting contemporary and alternative views of natural-resource
scarcity by and large follow in the tradition of these schools. Immediately,
this begs the question as to what was the contribution of Karl Marx to
contemporary theories of natural-resource scarcity.

The standard reading of Marx is to assume that the one thing he had in
common with the neo-classical school emerging in the late nincteenth and
early twentieth centuries was little regard for the role of natural resources
in the economic process. In other words, “‘Marx’s dogma that everything
nature offers us is gratis” stems from his “well-known tenet that nothing
can have value if it is not due to human labor™, from which it follows that
“things supplied by nature ‘gratis’ and the services of capital proper have
no value.”” This is indeed the impression one obtains from Capital

The land (and this, cconomically speaking, includes water) in its
original state in which it supplies man with necessaries or means of
subsistence ready to hand is available without any effort on his part
as the universal material for human labor. All those things which
labor merely separates from immediate connection with their
environment are objects of labor spontancously provided by nature,
such as fish caught and separated from their narural element, nar=ly
water, timber felled in virgin forests, and ores extracted from their
veins. If, on the other hand, the object of labor has, so to speak, been
filtered through previous labor, we call it raw material. For example,
ore already extracted and ready for washing. All raw material is an
object of labor [Arbeitsgegenstand), but not every object of labor is
raw material; the object of labor counts as raw material only when it
has already undergone some alteration by means of labor. ... With
the exception of the extractive industries, such as mining, hunting,
fishing (and agriculture, but only in so far as it starts by breaking up
virgin soil), where the material for labor is provided directly by
nature, all branches of industry deal with raw material, i.e. an object
of labor which has already been filtered through labor, which is itself
a product of labor.
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For Marx, only “raw material™, which is both a product of natura;
resources and of labour, has value, whereas other natural-resource
products are “*spontancouslv provided by nature” and thus cannot have
value as they are not products of labour. This view IS ot surprising, giver,
Marx's attempts to establish a labour theory of value as akey to explaining
the exploitative nature of capitalist society. This produced a completely
different theory of value from thar of the classical and neo-classical
schools.

For example, as pointed out by Desai, in neo-classical economics, the
role of value theorv is to provide a theory of relative prices, whereas in the
classical theorv of value, prices of all goods (that is, their exchange values)
are thought to be derived from the current labour input and the labour
input embodied in materials of production.™ In contrast, for Marx, value
is a social relationship, based on the relationships of production that arise
historically and are specific to certain societies or modes of production. In
particular, value relationships arc nor valid for feudal or communist
societies but are found only in capitalist societies. In capitalist modes of
production, the exploitative social relationship between the labour and
capitalist classes is hidden by the scemingly free and equal commodity
relationship of the exchange of labour power for money. This transforma-
tion of social into commodity relationships is referred to by Marx as
commodity fetishism. The role of his value theory, therefore, is to reveal
the exploitative social relationship concealed by commodity fetishism.
This is why Marx sought to explain exchange value in terms of the process
whereby labour pewer is purchased and transformed into a final product
which is exchanged against other final products embodying labour power,
and how the surplus generated by this process is appropriated by the
capitalist class.

Although it is clear that Marx believed that labour power is the source
of all exchange value, he did not necessarily assume that it was the source
of all use values, or wealth. For cxample, in the Critique of the Gotha
Programme, he argucs that “labor is nor 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 a
force of nature, human labor power.”* As emphasized by Gowdy, such
a framework allows for the possibility of going beyond merely considering
the impact of social relations of production on resource scarcity to
examine 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 1o
premature exhaustion of arable land:

According to Marx the premature exhaustion of the soil occurs
because there are economic disincentives to maintaining long-lived
capital 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” of a non-renewable resource js in reality
only the marginal cost of extraction and not production creates a
surplus for the producer. This surplus arises from the fact that the
marginal 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 for
non-renewable and semi-renewable resources is not compatible with
the time horizon for the prices the market system imposcs on these
resources. 2

As argucd by Redclift, modern followers of Marx approach the
problem of natural-resource scarcity primarily through the process which
use values (that is, wealth in the form of nature) are converted to cxchange
values (that is, in the forra of labour power).** The commitment to
commodity production under capitalism makes environmental external-
ities inevitable and misallocates natural resources inefficiently over time.
As a result, natural-resource scarcity will disappecar only when the
necessity to make commodities in order to generate surplus value (profit)
disappears.

On the other hand, “the ‘externality” effects that have attracted the
attention of economists in western socictics are far more central to the
‘survival algorithm’ of many houscholds in the South than manv Marxists
have acknowledged ... the point at which the costs in destroying the
environment and non-market social relationships exceed the benefits of
further commodity production has already arrived.”® In developing
countries, “‘cnvironmental degradation is seen as a result of underdevelop-
ment (of poverty, inequality and exploitation), a symprom of underdevel-
opment, and a cause of underdevelopment (contriburting 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.8s

Herein lics the dilemma for modern orthodox Marxists. As noted
above, 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 system
resulting from ecological collapse. Rather, his concern - and the concern
of modern Marxism - is with the collapse of capitalism arising from the
inherent contradictions found in the social relationships that, in Marx’s
own view, stem from fully developed capitalist modes of production. This
view may be compatible with the notion that the ecological crisis in fully
developed industrialized countries also invariably stems from the capital-
ist process of commodity production (and, indecd, 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 that
Marxism faces in dealing with the partly or wholly subsistence agricul-
tural modes of production in developing countries is that it is difficult to
apply the labour theory of value so long as producers have some degree of
independent control aver the means of p: aduction of their live!ihoods.
The idea that these socicties and their institutions closely resemble aspects
of feudaiism, as identified by Marx as one of the stages of pre-capitalist
cconomies that immediately preceded and led into the capitalist commod-
ity market system, has also been challenged.®” As Kitching observes for
Kenya, “this need not inhibit the development of a theory of exploitation
suitable for Kenyan conditions. But clarity about the meaning and limits
of value theory is the prerequisite of such development.”’s8

Whereas theories of natural-resource scarcity based on neo-classical
economics tend to abstract from social and political relationships, the
Marxist contribution is to make these relationships explicit. In particular,
Marx’s labour theory of value offers a method of focusing on the
exploitative process of transforming use values (that is, in the form of
natural-resource wealth) into exchange values (thatis, in the form of labour
power). It is important to realize, however, that “in a real world where
commodities exchange through money, and where relations of production
assume the apparent form of monetary reiations, rates of exploitation are
necessarily unmeasurable”.* Thus modern Marxist theories of exploita-
tion and class analysis must necessarily be less explicit in their analysis of
the social relationships surrounding natural-resource scarcity than
Marx’s original use of the labour theory of value allowed. Nor are pure
Marxist theories the only possible interpretations of these relationships.
Instead, these theories have to vie with more neo-Marxist interpretations
that focus on the international system and the historical processes
contributing to environmental problems, and other interpretations that,
for example, may examine the power, class and general social relation-
ships contributing to pr=blems of soil erosion in developing countries -
but primarily from a non-Marxist perspective,%

CONCLUSION: THE MODERN CONVENTIONAL VIEW

By exploring classical and early neo-classical theories of natural-resource
scarcity, this chapter has questioned the legitimacy of using the
Malthusian and Ricardian labels to distinguish between contemporary
views on resource and environmental problems. For one thing, in
following the classical tradition established by Adam Smith, it is clear that
the approaches adopted by Malthus and Ricardo have more in common
with each other than with more modern views of natural-resource
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scarcity. The unique feature common to all the classical theories,
including Ricardo’s, is the central role of the Malthusian theory of
population expansion and the assumption that economic growth, partic-
ularly in agriculture, is dependent vpon increasing labour inputs. These
two factors were scen to interact with the relative scarcity of land to
produce unavoidable distributional consequences - notably the decline in
profits with respect to wages and rent - that would lead to cconomic
stagnation. Compared with these similarities, the much-emphasized
differences between these two classical views (i.c. that Ricardo seems to
shy 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 trapsition from the classical to the more
modern analysis of the problem. Of particular importance was the
recognition 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 as
well 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 protlem 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.

Soitisnot surprising that, up until the 19€0s, the modern conventional
economic perspective on natural-resource scarcity had been virtually
unaltered since Marsha'i's views on the subject. Nor is it a surprise that
modern Marxism - the major ideological challenger to neo-classical ideas
over this era - has not offered zn alternative view. With the momentous
political and economic events that eccurred between Marshall’s time and
the 1960s having little to do with problems of resource scarciry and
environmental 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 the
economics of exhaustible resources, combined with the optimal grewth
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).°! Yet there is very little difference between Hotelling’s view
on exhaustible resource depletion and Marshall’s, although Hotelling’s
theory 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-resource
scarcity constraint and its belief that any relative scarcity of cconomically
useful resources would be automatically reflected in market prices, still
predominates.

In the early 1960s. this view received strong support from the study by
Barrert and Morse. As the basis for their empiricul investigations, the
authors adopted the conventional hypothesis that Increasing natural-
resource scarcity “would reveal itself in an increasing trend of unit cost of
resource conversion as reflected in extractive production” or will show its
effects in “a rise in the unit cost of extractive output relatize to that of
extractive output”.”? Examining per-unit labour-and-capital costs for
extracting various raw material resources in the United States since the
late ninetcenth century, Barnett and Morse concluded that this data
showed little evidence of increasing natural-resource scarcity, which they
attributed to the ““continual enlargement of the scope of substitutabiliry -
the result of man’s technological ingenuity and organizational wisdom” .’

Barnertt and Morse also make it clear that only the “economically useful
properties” of “selected segments of the environmenr” (that s, only one
function of the natural environment, as supplier of the raw material and
energy inputs to the economic process) is considered relevant to the
phenomenon of natural-resource scarcity.®* Thus, the conventional
definition of natural resources js usually limited to those environmental
resources providing economically valuable productive services. As Smith
and Krutilla suggest, this “‘conceprion of resources as a source of material
inputs leads one to consider the environmental side-effects of extraction
and conversion activities as phenomena to be distinguished from resource
utilization and depletion”.” On the whole in the conventional literature,
the environmental problems of waste generation and declining recrea-
tional, amenity, ccological and life-support services are accorded separate
treatment as special cases of negative externalities, and not relaced to the
specific economic scarcity problem arising from the depletion of
“economicaliy useful” natural resources (see Chapter 4).

Limiting the analysis of natural-resource availability to the economic
scarcity of those “selected scgments of the environment” that serve as
productive inputs, allows the conventional view to be optimistic about the
long-run cffects of any potenuial scarcity problem. By providing usctul
productive services, those natural resources appropriated as raw material
and energy inputs have an economic value greater than zero. As stocks of
taese resources become increasingly scarce, in a market economy their
prices will rise relative to those of other goods. Therefore, as nco-classical
general equilibrium theory predicts, the market system should respond to
the 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 reason
to worry about the exhaustion of resources which the market alrcady


http:scarcity.11

Historical Approaches to Natural-Resource Scarciry 25

treats as economic goods. ... The economist’s initial presumpticn is
that the market will decide in what forms to transmit wealth by the
requirement thar all kinds of wealth 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 rerurn
on other kinds of capital. ... Natural resources should grow 1n relative
scarcity - otherwise they are an inefficient way for society to hold and
transmit wealth compared to productive and physical capial. Price
appreciation protects resources from premature explontation.”

Although, over time, certain 1 .w material and energy stocks may become
relatively scarce, the resulting price appreciation should allow the
cconomic system to correct any over-exploitation and thus automatically
alleviate the scarcity problem. In a dynamic cconomy exhibiting
technological innovation and productivity growth, higher relative prices
will incite the necessary economic adjustments to reduce dependency on
the scarce resources. In the long run, therefore, such dvnamic economic
responses will prevent any lasting gencral 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 cconomic-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 - the
result of man’s technological ingenuity and organizational wisdom -
offers those who are nimble a multitude of opportunities to escape.®’

The increasing scarcity of certain cconomically 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 encergy shortages:

Modern 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:
L. Raising cutput per unit of resource input - as, for example, the
dechue in the amount of coal required to generate a kilowart-
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.

Raising the productivity of the extractive process.

4. Raising the productivity of the process of exploration and
resource discovery.

5. Development of techniques for the reuse of scrap or waste
materials.

6. Development of techniques for the exploitation of lower-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 cconomic growth
by no means follows from this."

.k»J

By limiting its analysis to the scarcity of those 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 nprovements to
increase output; hence, it is the basic Malthus-Ricardo model of
diminishing returns in agriculture. As increasing 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 (w,L) 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 unit,) and DBC
represents total rent. OABD is divided into subsistence income OAFE (=
w.L,) and profits EFBD. In the second phase, as ultivation 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,), 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 substirution 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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Source: Morton Paglin, Malthus and Lauderdale: The Anti-Ricardian Tradition (Augustus M.
Kelley: New York, 1961).
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Assurmuig that the latter effect outweighs the former, the new level of
output, OEGC!, is greater 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
brhhmrmayEMnnmdebmhmmc%cmnmangmmmwpmﬁno
sttmulate further capital accumulation.

Figure 1.4 depicts the situation, perhaps envisaged by Malthus in his
Principles of Political Economy, where technological improvements in
agriculture offset diminishing returns. Such improvements can be
represented 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 cach pertod,
substantial profits continue to be made (te.,, 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
@mauﬁnﬁwml2ﬂmmmmmgmmnmwdmmﬁpmmuwmmmw
decline to zero. Thus technological improvements in agriculturc may
postpone diminishing returns in agriculture for a significant period of
time.
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Non-Economic Influences

In the 1960s, new economic perspectives on environmental problems
began to emerge that were subject to important non-economic influences
such as environmentalism, thermodynamics and ecology. This chapter
will explore their contribution to our knowledge and perception of human
interaction with the narural environment, and how they have influenced
new theorzs in resource and environmental ecanomics. To the extent that
thesz new theories have carried on the conventional approaches to
analysing natural-resource scarcity, as exemplified by the 1963 Barnett
and Morse study, they will be classified as *“conventional”. To the extent
that they deviate from this tradition, they will be considered alternative
theories. As the remaining chapters of this book make clear, the increasing
concern over the cconomic threats posed by environmental and resource
problems, particularly the persistent convergence of environment and
development problems in the developing world, has given greater
impetus to these new developments in environmental and resource
economics that deviate from the more traditional theories and
approaches. '

CONSERVATIONISM

In tracing the historical devclopment of the natural-resource scarcity
doctrine adopted by the early American Conservation Movement
(1890-1920), Barnett and Morse note that the essential postulate of this
doctrine was that “the facts of ecological interdependence are physical ...
Mincral depletion is a physical Alecessity in an industrialized socicty.” As
a result, “finite physical limits of natural resources, to the carly
Conservationists, constituted economic scarcity.” In addition, the Con-
servationists argued that “‘nature’s own ccological balance has intrinsic
merit simply because of its high physical value - its ‘naturalness’. The
doctrine attaches positive culrural and social values to an ccological
balance in which nature’s biological systems are at high levels of physical
output and activity, and fears or deplores radical departures from such
ecological levels”.?
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An important forefather of contemporary conservationism was George
Perkins Marsh.> According to Barnett and Morse, Marsh’s views contain
three contributions to the economic analvsis of natural-resource scarcity.

First, Marsh rejected the way classical economics simplified the
concepts of “nature” and “narural 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 is an essential, irreducible and unquantifiable characteristic
of nature - the result of the continuous dvnamic interaction and
interdependence among nature’s components. Marsh considered the
complexity and heterogeneity of nature to be the mosr significant feature
determining the relationship between people and nature. Secondly,
Marsh viewed nature and humaniry as an inseparable, interdependent
unit - the *“‘nature-man continuum”. He arguced 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 berween people and the environment. Unlike the classical
cconomists (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 modern conservationists, nature’s complexity and
diversity 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 of the environment as having value, that of
supplier of useful material and cnergy 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.c., pollution).
To the conservationists, the fundamental physical dependency of the
:ntire cconomic process on dynamic, heterogencous and complex
:cological systems means that the entire natural environment must have
/alue 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
raluable.

Marsh and modern conservationists argue additionally that the
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heterogeneity of nature is the 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 belicve
that natural-resource scarcity is an inevitable natural law but is. in effect
the result ¢t 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 tulfil them. Theretore, the alleviation of the
threat of scarcity requires humankind to live within the physical limits
dictated by a stable ccological balance between nature and the exploitation
of its resources. The essentiality of this balance to human livelihood
suggests that 1ts disruption poses an absolute constraint on economic
acuvity. 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:

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

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

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

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

Conservationists frequently justify such criteria on the grounds that
preservation of a stable ccological 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
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view and agreement about this. Is the land merelv a means of
production or is it something more, something thatis anend in itself?
And when [ 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 bur **factors of production™. They are,
of course, 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, hiey are meta-economic, and it is
therefore rationally justifiable to say, as u 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 uality, while failing to recogrize the most furdamental
difference between them, that of “level of being”.’

Ir recent years, the moral and philosophical arguments and practical
coacerns for c.ivironmental preservation have been meshed into a holistic
view of environment and development in the global biosphere.® In
particular, the idea of an environmentally sustainable pattern of economic
development is no longer seen to be just a luxury 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 sceking to industrialize and expand their economies.
That is, these essentially rescurce-based economies require both efficient
and s:tainable management of their resource base in order to ensure the
success 0. 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.'° 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 environmenially appropriate and sustainabie. Many lack
either the financial or technical resources, or the political will, or
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adequate legislative, instrutional, or public, support for conserva
tion (or any combination of these ) to carry out fully the conservatios
measures required.!!

Antempting to translate conservationists’ concerns and criticisms nt
analytical precise and rigorous recommendations for economic policy-
making has not been an easvy task for proponents of sustainablc
development. More often than not, precision is sacrificed to the
acceptability of age-old and universal conservationist principles. Fo:
example, the World Conservation Strategy emphasizes “the maintenanc
of essential ecological processes and life-support systems, the preservatior
of genetic diversity, and the sustainable utilization of species anc
ecosystems” with the overall aim of achieving “sustainable developmen
through the conservation of living resources™.'? While lauding the genera.
underlying message, sympathetic economisr ; have none the less criticizec
the definition and objectives outlined in the World Conservation Straieg
as being too vague for practical application; failing to purceive the crucia.
issues of trade-offs among economic and conservation goals; and for
ignoring valuation problems. '}

Perhaps the greatest contribution that the conservation movement ha
made and will continue to make to economics is that of spurring
economists on to tackle the following preblems: :naking *he concept o
sustainable development more workable; focusing economic analysis on
the value of environmental prescrvation; exar.:ining the economic role of
ecological relationships and environmental functions; and considering an
absolute ecological constraint under certain economic conditions.

ECOLOGY

In seeking to understand key ecological relationships and their impor-
tance to the economic process more fully, economics has become
increasingly influenced by ecology. Ecology is a division of biology that
studies the relation or interaction of organisms with their environment.
The science of ecology is closely related to the study of genetics, evolution,
physiology and animal behaviour, yet it has emerged as a completelv
independent discipline. Its distinguishing feature is the categorization of
the 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 ecosvstem. 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 ecolngical communiry. The abiotic components
can be scparated into inorganic and organic, whereas the biotic
components are usually classified as producers, consumers, and
dzcomposers. Producers, sometimes called autotrophs, arc the green
plants that trap solar energy and convert it into chemical energy.
Consumers, or Aeterorrophs, are all the animals that eicher cat the
plants or onc another; all heterotrophs are thus directly or indirectly
dependent on plants for energy. Several levels of consumers are
recognized (primary, secondary and tertiary) depending on whether
they cat plants directly or other herbivorous or carnivorous animals.
Decomposers, also heterotrophs, are often bacteria and fungi; they
function in the ccosystem 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 ccosystems has traditionally involved three
approaches - descriptive, functional and cvolutionary. “The descriptive
point of view is mainly natural history and proceeds by describing the
vegetation 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 cach of these ccosystems.”’!s
Modern ccology, however, tends to emphasize both the functional and
evolutionary perspective: “Functional ccology studies proximate causes -
the respense of populations and communities to immediate factors of the
environment. Evolutionary ccology studies ultimate causes - the historical
reasons why natural selection has favoured the particular adaptions we
now see.”'s This functional-evolutionary approach analyses the environ-
ment at three levels of integration: populations, communiies and
ccosystems.

A population is a set of organisms belonging to the same species and
occupying a particular area at the same time.!’ Therefore 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 rencwable resource management, such as of fisheries.'*

Community ecology links up with population ecology in the study of
interspecific competition (competition among two or more species). For
exaniple, predator-prey models have been used to explain both popu-
lation fluctuations and the role of predator-prey relationships ac an
organizing force in ecosystem communities. Early theoreticei models
predicted well-defined oscillations in predator and prey populaticns due
to positive and negative reinforcing feedback effects. In later models, a
simple predation process has led to a stable equilibrium, oscillation, cr
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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 increasc.
Eventually, however, predators over-cat their prey and the prey popula-
tion declines, which, after a time lag causes predators to decrease again.
This basic predator-prev model has also been adapted by economics for
optimal harvesting models.?

Given the complexity of eccological relationships, verification of
theories 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 1 more stable ecosystem
emerges through improved feedback, or homeostatic, responses 1o
changes in the physical environment:

Ecosvstiem development, or what is more often known as ecological

succession, may be defined in terms of the following three parameters:

(1) It 1s an orderly process of community development that

involves changes i~ species 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 community-controlled
aven 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 arc 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 homcostasis with, the physical
environment in the sense of achieving maximum protection
from its perturbations.?!

‘Through narural 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 oscillations.”*? 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 is increasingly disrupting, even destroving, 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 vet given little thought or effort to
reconciling the conflicts of his dual role, that of manipulator of and
inhabitant of ecosystems.?3

Moreover, the type of damage inflicted on natural ecosystems can be so
eXicnsive and pervasive that narural 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 +he nature or the 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 narural 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 is changed 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 changes in process are
normally progressive, as 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 an
ecosystem we utilize and so have the capacity to transtorm 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 use
ecosystem contains man as the dominant animal, and his crops .
dominant flora. .. To a greater or lesser degree, all ccosystem:
utilized by man are created or modified by man’s activity.... Whij
the inanimate and non-human elements of ccosystems have over
whelming numerical dominance, the process-response relationship
which define the ccosystems are 10 a large degree governed by th
decisions and activities of man in all those which he closely occupie:
The replacement of natural ecosystems by man-modified and man
created ccosystems now extends over most of the earth, including th
oceans, 25

By altering the narural environment through modifying or creating nev
ecosystems (by introducing agricultural systems, urban areas or wate
reservoirs, for instance) we can facilitate the social activiry of satisfyin;
our material needs. At the same time, if such modifications or newl:
introduced systems in the environment lead to severe disruptions in it
ecological functions, then the consequences for human welfare could be
drastic. For example, the setting up of an intensive vet ccologicall:
inappropriate agriculrural system in a previously narural environmen
could cause the leaching of soil nutrients, erosion and eventua
desertification.

An increasingly important question for ccologists, as well as fo:
cconomists and other social scientists, is to what extent is the people-
nature balance - or ecological stability and sustainability (resilicnce) - o
managed ccosystems dependent on the resilience or adaptation of natura:
ecological processes to the disorder inflicted by economic and other
human activity: “in an equilibrium model, adaptive processes are thosc
that tend to maintain homeostasis in crucial variables in the face o
perturbation™.? This need for continuous ecological adjustment and
adaption by the environment in response to human “perturbation” i«
described by Tivy and O’Hare:

.- one of the most important attributes of the climax or mature
ecosystem is that of stability. This is the ability of a system to
maintain a relatively constant condition in terms of its species
composition, biomass and productivity, with minor fluctuations
around a mean value (the equilibrium point), and to return to this
steady condition fairly rapidly after internal or external distur-
bances.... Nearly all human activities disturb “natural” ecosystems
to a lesser or greater extent. And, as has already been stressed, there
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are very few areas of the earth’s surface unaffected by direct or
indirect 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 the
ecosystem 1o stresses greater than would otherwise occur. These, as
have already been noted, can completely destroy an ecosystem. In
somc cases, severe stress may inhibit its re-establishment or effect an
irreversible change.??

An endemic problem facing all analyses of environmental change is that
knowledge of human impact on ecosystems is inadequately developed.
Our knowledge of evolution in general, and ecological development in
particular, is limited. Perhaps what is most limited is our understanding
of the diversity and complexity of ecosystems themselves.

The total energy flow of an ecosystem is defined as the portion of
incoming solar radiation that is successfully converted through photosyn-
thesis into plant marter and is thus potentially available to herbivores. As
Table 2.1 shows, total energy flow per annum of most solar-powered
natural ecosystems varies from 1,000 10 40,000 kilocalories per square
metre (4.185-167.4 megajoules (M]) per m2?). This range covers both
unsubsidized solar-powered natural ccosystems that depend largely or
entirely on solar energy for their sources of energy; and naturally
subsidized solar-powered ccosystems that augment solar energy by the
auxiliary energy input of tides, waves, wind, rainfall or water power and/
or through the energy content of any organic matter or nutrients imported
from other ecosystems.? For the larter ccosystems, these auxiliary energy
sources reduce the unit cost of self-maintenance (in energy terms) by the
ccosystem, which increases the amount of solar energy input converted to
the chemical potential energy of plants. Hence, one would expect the
mean energy flow for a stable naturally subsidized ecosvstem (such as an
estuary or a rainforest) to be higher than that for a purely solar-powered
ecosystem (such as upland forest or grasslands). For the biosphere as a
whole, Odum estimates that the total energy flow per annum is
approximately 2,000 kcal/m? (8.37 M]/m?), roughly .04 per cent of the
total 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 for
ensuring ecological stability and sustainability (resilience), our limited
knowledge of evolution in general and ecological development in
particular make it extremely difficult to assess the extent to which
negative human impacts interfere with the normal process of evolution, or
change, in ecosystems.

First, although the pattern of narural ccological development, or
succession, 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 m?)

|. Unsubsidized Natural Solar-Powered

Ecosystems

Examples: open oceans, upland forests.

These systems constitute the basic life- 1,000-10,000
support module tor the earth. (2,000)

2. Naturally Subsidized 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 marter that
may be exported to other systems or 10,000-40,000
stored. {20,000)

3. Man-Subsidized Solar-Powered
Ecosystems
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-Powered Urban-Industrial Systems
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 lif- support, food and 100,000-3,000,000
fuel. (2,000,000)

Numbers in Parentheses are estimated 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
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distrupted, and the ecosystem is quickly transformed from one stage to
another (sce 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 cach ecosystem, its fragility (that is ““the ease with which
an ecosystem can be disrupted”’) depends essentially on two factors: *“first
on the relatuve resilience of the svstem and, second, on the tvpe of
disturbance to which it is subjected””."! The aggregate cffects of any large-
scale environmental changes involving the interacting responses of several
interlinking ecosystems may be an unusual capacity for resilience and
regenceration in some cases and a tendency towards rapidly reinforcing

Time —
|
i
Number of I
individuals |
per species !
|
Increasing stability —.: Decreasing stability m—-——
Decreasing population ——-: increasing population «ewee-
'
[}
1
I
[}
I
|
[
|
t
I Pty ’r \\
] 1 \] / \
1 oo / \
[} \
' ' \ U '
I /] \ ! |\
[} ! " /
)
] 1
' ||
] )
1
|
Pioneer phase ! Chimax stage
(Few spectes, t (Many species.
many individuals ! few individuais
per species, Environments! per species,
constderable Change httle fluctuation}
popustion
fluctuation)

Normal pattarn of succession

--------- Discontinuous shock of environmental change

Figure 2.1: Environmental Change as Discontinuous Shocks to the
Normal Pattern of Succession



46 Economics, Natural-Resource Scarcitv and Development

disturbance and disruption in others. For example, interlinking grasslanc
ccosystems are often able to absorb a high degrec of physical stress fron.
human intervention. Even if there js significant destruction of surfac
biomass or conversion of land for cultivation, the grassland’s ability t«
recover and regenerate is not impaired.’? In comparison (sce furthe:
discussion in Chapter 6), the Amazonian tropical forest svstem i
comprised of three completelv distinct, interlinking ecosvstems - the
tropical forest ecosystem proper, the river bank swamp areas and the
aquatic river ecosvstems. These sub-systems are so intricately interde-
pendent that any external disturbance to one is bound to have repercus-
sions for the entire Amazonian region. Hence, it is difficult to make
comparisons and generalizations about the resilience of different ecosvs-
tems when subjected 10 large-scale human disturbances and ccological
destabilization.

Understanding ecological resilicnce in the face of external disturbances
is also of importance to managed ecosystems, particularly agriculture
where the purpose of human acuvity is to transform an ccosystem
deliberately.’? As noted above, the key question is whether or not the
human modification and transformation of ecosystems affect their
stability and resilience (sustamnability). If the natural mechanisms of
control and stabiljzation are replaced by increased human management
and control, the application of human knowledge, and the use of both
human and natural resources - all with minimal ecological disturbance -
the result may be little change in ccological stability or sustainability, 4

In Java, the process of transforming ecosystems into a complex svstem
of paddy rice fields produced a fairly stable, managed ccosvstem that
persisted for centuries until this System was transtormed by Dutch rule. *
In contrast, the extensive transformation of parts of the Amazonian forest
into large-scale commercial agriculture and ranching, as well as colonist
shifting cultivation zones, does not appear to have established a
sustainable or stable modified system since the loss of natural ccosvstems
of control have not been adequately compensated by proper human
management (see Chapter 6). Recently, there has been growing concern
that the inappropriate transformation of unsuitable areas of existing
agricultural systems into more monoculture, hybrid-species systems
dependent on petro-chemical based fertilizers and pesticides, has tended
to increase the fragility, rather than the resilience, of these important
managed ecosystems.

A further problem is that ccosystems modified by people do not exist
in isolation but interact with the untransformed ccosystems of the
environment. Consequently, the inherent stability or resilience of the
former may be linked to the stability and resilience of the latter.’ From
an anthropomorphic perspective, a stable and sustainable (resilient)
people-nature balance may actually require a good mixture of early
successional systems modified to suit human needs and undisturbed
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climax ecosystems. In assessing the stability and sustainability of such an
economic-environmental system, one has 10 be careful to distinguish
between local changes in the resilience of particular modified and natural
ecosystems, and global changes in the resilience of the entire intercon-
nected system.

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

As emphasized by Conway, precisely because agricultural systems - or
agro-ecosystems - are ecological svstems modified by human beings to
produce fibre or other agricultural products, their capacity for sustaina-
bility and stability cannot be understood solely by examining their flows
and cycles of energy and materials. ™ One consequence of this transforma-
tion is that the system boundary of an agroecosystem acquires a socio-
economic dimension (Figure 2.2). Therefore it becomes essential to
analyse how the complexity and diversity of agro-ccosvstems (character-
istics which in turn affect the stability and sustainability of these svstems)
arise from the interaction between socio-economic and ccological
processes.

As suggested by Holling, the basic svstem properties for natural
populations, communities and ccosystems, are productizuty (in terms of
numbers/biomass of individuals species), stability (constancy) and resil-
tence.* In contrast, a unique feature of the agro-ccosystem 1s that 1t is also
geared towards the socio-cconomic goal of increased social value. Social
value - or welfare - is defined by Conway “in terms consistent with
classical welfare economics” as being

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

Conway suggests four agro-ecosystem properties - productivity,
stability, sustainability and equitability - that directly relate to the
realization of social value, and presumably in return, are affected by



Figure 2.2: The Ricefield as an Agro-ccesystem
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attempts to maximize social value through different modes of agriculturai
development (see Figure 2.3).4

Productivity 1s defined 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 cvcles in
the surrounding environment. Included in the environment are thosc
physical, biological. social and economic variables that lic outside the
agro-ecosystem. and normal fluctuations which may occur in the climate
or in the market demand for agricultural products.

Sustainability is defined as the ability of an agro-ccosystem 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, crosion,
declining market demand or indebtedness. Shock on the other hand
would be an irregular, infrequent, relatively large and unpredictable
disturbance such as a rare drought or flood, a new pest or a sudden rise in
input prices (like oil in the mid-1970s).

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

Thus, in order to understand the process of socio-economic and agro-
ccological interacticn in agro-ecosvstems, it is essential to denufy the
important factors and processes that affect these four primary svstem
properties. Table 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 ccological processes and
systems posc a tormidable challenge to our understanding, the science of
ccology has improved our knowledge of natural populations, communi-
ties and ecosvstems, and hurnar: ecological impact. This knowledge ha«
had an cnormous influence on those recenc approaches in environmental
and resource economics concerned with the impact of economic acuvin
- including activity within managed ccosystems such as agro-ecosvstems
- on environmental degradation. The effect of such activity mav, in the
extreme, take the form of breakdowns in natural feedback mechanisms
and controls which, in turn, can accelerate change in ecosystems bevond
the limits of tolerance. Thus, it is not surprising that. in the attempt to
understand the interaction between socio-economic and ccological pro-
cesses, the work at the frontiers of ecology and cconomics 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

Postive Neeatrve

PRODUCTIVITY

Construction of Karakoram Highway Shortage of cultivable land
Development of new land Shortage ot water

Inorgr.. ertilisers Weeds, pests and diseases
New wheat and fruit varietics Seasonal labour shortage

Introduction of sced potato cultivaton
New credit loan system

STABILITY

Integration of crops and livestock Crep pects and diseases
Co-ope: +tive marketing Livestock diseases
Improvement of irrigation channels Temperature fluctuaucns

SUSTAINABILITY
Farmyard manure Glacier movement
Crop rotation (wheat, potatoes) Mudflows, avalanches
Training of village livestock specialists Earthquakes

River bank erosion
Virus ot secd notatoes
Overuse ol pesticides

EQUITABILITY
Traditional co-operation Sale of land
Creation of village organisations Education
Rotauon of pasturing Emugrant labour

Development of new land

Source: Gordon R. Conway, “The properties of agrezcosvstems™, Agricultural Systems, Vol. 24
(1987, Table 2, p. 104

THERMODYNAMICS

Econonnics has always looked to physics for its theoretical and methodo-
logical inspiration. 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 of energy transforma-
tions, particularly the conversion of available energy into work and waste
heat. Of particular interest to cconomists were the first two laws of
thermodynamics, which seemed to be analogies for the material and
energy transtormations of the economic process.

A formal definition of the first law of thermodyramics is usually stated
as: “The change in the internal energy of a system is equal to the net
.energy flow across the boundaries of the system.” " 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 any
interaction between a system and its surroundings. Thus, the first law is
often referred to as the ““law of conservation of matter and energy”.' In
the 1960s and 1970s, this law formed the basis for materia.-energy balance
models of the economic process.*!

As is suggested by the first law,

when materials - minerals, fuels, gases, and organic materials - are
extracted and harvested from narure and used by producers and so-
calied 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.*

Cunsequently, if one takes the internal svstemn 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 cnergy
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 materia! inputs and energy from the environment and (2) a
corresponding increase in the waste loads placed on the absorption
capacity of the envire 1. ‘ent.4

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 &5 formal application in modern physics, the second law of
thermodynamics 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 the
available (frec) cnergy from the unavailable (bound) energy. That is,
available crergy is distributed unevenly ir highly ordered forms, such as
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the kinctic energy of a waterfall or the potential-chemical energy of coal
and other fossil or biomass fuels. These qualitative properties of available
energy make 1t 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 othei fucls are burned, the heat dissipates
quickly into 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 qualitative state of energy in
a svstem, and the entropy of a system is said to increase as the energy
contained within 1t 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 sccond law of thermodynamics is usually
stated as: “No sclf-acting and cyclic device (unaided by any external
agency) can make heat pass from one body to another at a higher
temperature”.*" Or more simply, “heat flows by itself only from the
hotter to the colder body, never in reverse”.*® The implication of the
entropy law is that any conversion of the energy supplicd to a system into
mechanical work must invariably involve some energy waste (that is,
waste heat) and the cnergy converted for work must also eventually
dissipaie. When this occurs, the entropy of the svstem has increased.
Consequently, “cven though energy is conserved in a closed system, the
systein tends toward an energy state corresponding to that of minimum
usefulness™. s

However, Georgescu-Roegen has consistently argued that the concept
of entropy of the second law need not be confined to energy transforma-
tions.*! In macroscopic transformations of matter and encrgy, such as
those occurring in the economic process, matter as well as energy is being
dissipated from a morc available (useful) state to a less available (useless)
state. By analogy, thercfore, the entropy law can also be applied to this
macroscopic 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 couic arguc 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 rnatter.
Similarly, raw materials and mineral resources can be transtormed 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, mincral 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.5?

As a consequence, if the econoniic process is dependent on the
surrounding environment for sources of material and energy, then this
process irrevocably and irreversibly transiorms the useful (low entropy)
marter 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 increasc 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 cnergy; therefore, the
discharge of waste heat to water and ajr results in increased
environmental entropy. Likewise, the emission of liquid, gaseous
and sclid wastes, which are the disordered by-products of industrial
processes, increases environmental disorder and raises the level of
environmental entropy.*’

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 cconomic system appropriates these low-entropy resources in
order to maintain its own physical clements - 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 of order by the source of the matter and
encrgy used by the economic process - the terrestrial environment. In
turn, 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 ccosystems can
recuperate, then the increased disorder in the environment resulting from
the material and cnergy throughput of the economic process will cause
irreparable damage to the terrestrial environment:

We have two sources of low cntropy: terrestrial stocks of concen-
trated minerals, and the solar flow of radiant energy. The terrestrial
Source (minerals in the earth’s crust) is obviously limited in total
aiount, though the rate at which we use it up is largely a matter of
choice. The solar source is practically unlimited in total amount, but
stricuv limited in the rate at which it reaches the carth. These means
are finitc ... terrestrial stocks can, for a while at least, be used ata rate
of man’s ow 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 econo.nic growth. But growth can be speeded
beyond this constraint, for a time at least, by consuming geological
capital - by using up the reserves of terrestrial low entropy.... The
throughput flow maintain, or ‘sicreases the order within the human
cconomy, 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, ccology and thermodvnamics 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 cxpansion from the late nineteznth 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
enironmentally “‘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 natural-
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-isrm
development of Third World countries.

If conservationism has provided the moral and philosophical aigu-
ments for new approaches to environmental and resource economics,
ccology has furthered our scientific understanding of ecological relation-
ships and how they are affected by human activity. Ecolngists have
underlined the complexity and diversiiy 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-ccosystems, that have been deliberately transformed to meet human
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needs. Understanding the conditions for long-term stability and sustain-
ability of these systems has led some ccologists to consider the inter-
actions between socio-cconomic and agro-ccologicai processes. At the
frontiers of both disciplines, ccology and economics are increasingly
finding common ground for approaching the problems of economic-
environmental inieraction.

Thermodynamics has supplied sorme economists with the methodology

“for depicting the “throughput” of material and cnergy from the
environment into the economic process and then back into the surround-
ing environment.*5 As a result, the first law allows the cconomic system
and the environment to be viewed together as a closed circular system of
energy and material transformation. The second law can be analogously
applied to depict this process as an irreversible transformation of ordered,
useful (low entropy) material and energy into disordered, dissipated and
therefore useless (high entropy) waste. Moreover, as the environment is
the source of the resources transformed by the economic process, and the
recipient of its wastes, the net effect of this transformation is to maintain
or increase the order of the economic system at the expense of increasing
the disorder (degradation) of the natural environment.

The economic interpretations taken from conservationism, ecology and
thermodynamics can be put together in an alternarive view of natural-
resource scarcity that differs substantially from the more convenuonal
perspective that prevailed before the 1960s. At the heart of this alternative
view is the recognition of a new natural-resource scarcity problem: that
increasing environmental degradation (or disorder) may, under certain
conditions, threaten ecological stability and sustainability. By supplying
more and more rescirces to the economic process and by having in turn
to absorb the resulting waste, the environment can no longer maintain
indefinitely the same degree of ecological activity or stability. Ecosystems
may eventually break down if the environment is continually disrupted
and cannot maintain its resilience. Under such circumstances, the
opportunity 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 frem 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 into
dissipated waste must represent an increase in the disorder in the
ecosystems of the environment. For example, when an environmental
resource (such as a tree or a coal deposit) is appropriated by the economic
system, the surrounding environment has lost some usefully ordered
structure or store of material and/or energy; it has become less ordered as
the result of the extraction of the resource. The loss of such an ordered
structure 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 hvdrological 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 oxvgen 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
scarcity 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 zcological 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 narural-
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.
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1. Some past writers on natural-resource scarcity have been closer to this contemporary
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approached the same problem from a more institutional perspective.
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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 wvell as the spread of the non-
economic influences described in the previous chapter, conventonal
theories of natural-resource scarcity were extended and modified signit-
icantly after the early 1960s. In theoretical work, the emphasis has been
laid on the optimal rate of depletion of exhaustible and renewable
resources, with extensions to include monopoly, uncertainty and other
tsarket 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 of
environmental degradation. This chapter will survey these theories and
discuss this criticism.

CONVENTIONAL THEORIES OF NATJRAL-RESOURCE
SCARCITY

As noted in Chapter One, classical and carly 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, or
depletion: 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 its
technologicai capabilities and methods of production. On the other hand,
the lack of evidence of any binding natural-resource scarcity constraint on
modern 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 cconomic
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.?

There is conventional optimism in the economic system’s ability to
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successfullv adapt in the long run to any natural-resouce scarciry
constraint. However, most economusts accept that the over-exploitation of
one or morc limited sources of energy and material inputs could lead to a
situation of temporary scarcity. So, from a purely analytical perspective,
the unique fearure of narural-resource scarcity is that it arises from finite
stocks being depleted by the economic process.

Theoretical approaches based on this conventional view of narural-
resource scarcity tend to concentrate on the optimal rate of depletion over
time of those natural resources used as energy and matenial inputs by the
economic process. Tralitionally, a distincuon 15 made between non-
rencwable - or exhaustible - resources and rencwable 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 ih vase of strictly non-renewable
resources, it may be optimal to deplete the resource completely if the
availability of future technologies and perfect substirutes mean that
exploitation of the resource is no longer “essential” for furure produc-
tion.* That is, because the future scarcity of the resource has been
mitigated, the resource is not worth holding on to compared to other
income-carning assets, and the optimal choice may be 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 umber, 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 vears, Hotelling’s analysis has been combined with character-
1zations of the optimal path of economic growth based on Ramsey's
approach which determines the pattern of investment in reproducible
capital in accordance with a utilitarian social welfare function.” 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
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the optimal depletion rate of exhaustible resources under various market
conditions.

A simple, but verv etfecuive, formulation of the latter problem is
developed by Dasgupta and Heal, who assume economic production to be
dependent on the depletion of an exhaustible resource, R, and a
reproducible capital stock (1.¢., capital goods), K. Economic producton,
Q= F/K, R), that1s not used for consumption goods, C, 1s theretore used

-to reproduce and add to the capital stock over time 2t a rate cqual to dK/
dt. Consumption, C, is assumed to benetit social «.elfare, U, which the
planners aim to maxinuze over ume at a discounted rate, r.* The authors
£o on to demonstrate that optimal depletion policy depends cruciaily on
whether the resource, R, 1s essenual to the production of the consumption
good, whether technological change permuts the development of a
substitute that makes the resource inessential, whether there is uncer-
tainty over the probability of a new resource betng discovered, and on the
elasticity of substitution between the resource and the capital good, K.

Consumption
(C') r= r|>0
Eho
C*
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r = r1>0
F
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0 —_
T Time
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Figure 3.1: Optimal Depletion of an Exhaustible Resource

Source: Adapted trom Partha Dasgupta and Gec“Trev M. Heal, “The optimal depletion of
exhaustible resources', Symposium on the Economics of Exhaustible Resources, Review of
Economic Studies 11974, Figure 5, p. 2.
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A rtypical outcome is illustrated in Figure 3.1, which shows how
consumption, C, varies over time. If ths exhaustible resource is essential
to production (that s, the elasticity of substitution between R and K is less
than one), if the discount rate (r) is posirive, and if there is no technological
breakthrough allowing a subsitute fur the resource, then consumption
will initially peak but then decline towards zero (curve ABD). With a
positive rate of time preference r, future generations iose out. A u.titarian
society is not concerned with accumulating sufficient capit:t in the early
vears to offse: the inevitable use of declining resourcrs later on. With an
even higher discount rate (r, as opposed to r, ), consumption peaks in the
present and declines thereatter (curve EBD). This dire situation can
nevertheless be avoided by the introduction of a technological break-
through in some tuture time T. The economy effectively receives a new
lease of life, accum«’-ting capual and increasing consumption again until
it szttles down to the long-term stationary state of C* (curve ABFG).

The conditions under which tcuhnolobxcal change and capital-resource
substitution avert the scarcity constraints impozed 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 clasticity 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 exhausuble resource. ¥

In recent years, analysis of the problem has focused on making the
apprcaches more robust by explicitly incorporating technological change
and uncertainty. For cxamplc Kamien and Schwartz extend the basic
model of Dasguptaand Hez! by allowing for endogenous technical change
which relaxes any constraint imposed by the exhaustibility of a resource. !
Such inpovation is it without cost but can only occur in current pcriods
througk 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 1s successfully implemented, then the
economy avoids any constraint. Similarly, Dasgupta and Stiglitz analysc
the uncertainty arising from the unknown arrival date of a new technology
that allows perfect substitution for an essential but exhaustible resource.
The mode! indicates that unul the invention occurs, the opt:mal rate of
depletion should leave the economy with a positive resource stock.
Finally, Dasgupta and Heal discuss in extensive detail the role of
uncertainty and irreversibility of decisions with regard to the opumal
depletion of a particular grade of exhaustible resource, and conclude that
recognition of the technological potential for finding substitutes for a
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depletable resource is not the same thing as certain knewledge that perfect
substitution is feasible.!®

Most theoreucal approaches to the optimal epletion ratc initially
assumed competitive market conditions.'* More recent theoretical cxplo-
rations have concentrated on the problem of thie commn exploitation of
an exhausuble resource under conditions of market imperfection.'® The
basic assumptions are that with a constant clasticity of demand for the
‘extractable resource, ownership of the resource dominated by a small
number of firms, and zero margimal extraction costs, any scepage of the
resource (such as oil) across fields would render it non-exclusive. Thats,
cach owner could draw as much oil as costs would allow trom the common
poolof the resource. With the exception of Kemp and Long’s analysis, the
general conclusion is that such common resource pools will lzad to over-
extraction relative to the sociully opumal depletion rate suggested by
Hotelling’s rule. This result contrasts with the exclusive ownership (i.c.,
monopoly) case analysed by Stiglitz, which indicates that the extraction
rate can be optimal despite a monopoly market structure.!* Morcover,
Dasgupta and Heal suggest that any departure from this optimaul rate
under exclusive ownership rights would tend to favour excess conserva-
tion as opposed to over-cxploitation. '’

A second appreach to the optimal depletion of exhaustible resources
has been to eximine the empirical evidence in support of Hotelling’s rule:
that the net-price appreciation of an exhaustible resource should cqual
increases 1n the rate of return on other assets '® The basic approach
compares observed resource-price movements with the optimal path
predicted bv wac theory. In general, the evidznce does not overwhelm-
ingly support Hoteiling's rule. For example, 1n ar arbitrage model that
assumes traders switch funds trom resource to czpital inarkets in response
to expectations about relative rates of return on the two assets, Heal and
Barrow indicate that explanations of actual resource-price movements
must be more complicated than Hortelling has suggested. These findings
are confirmed b VK. Smith, who evaluated several studies of resource-
price trends. This discrepancy between empirical results and theoretical
predictions has been explained by models incorporating r1sing extraction
costs and production lags resulting from exploration and resource
development.' Thus Frank and Babunovic stress the importance of slow
supply responses to market shocks and technological progress in resource
extraction. The latcer conclusion supports the carlier findings of Barnent
and Morse and the more recent follow-up bv Barnett.

RENEWABLE RESOURCES

Analysis of the optimal rate of harvesting of renewable natural-resource
inputs into the cconomic 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 analvsis to include characterizations
of the steady-state cquilibria for optimally managed resources and the
socially optimal conditions leading o ~xtinction. Initial studies concerned
with the foimal analysis of optimal management of common-property
renewable resources concentrated on the fisheries and torest-harvesting
problems.-?

The basic renewable resource problem can be iliustrated by a simple
biological capital model. In the model developed bv V.L. Smith, an
cconomy produces both an ordinary commodity, g,, and a harvested
output from a biological resource, q,. The growth rate of the rerewable
resource, Q, atter 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 = u,(q,) + u,(q,), 1s maximized over time at a
discounted rate r.*' As a result, the optimal rate of cxplottation of a
renewable resource equates the marginal value, or price, of a harvested
unit net of its value as living biological capital (i.c., its unharvested value)
with the margina! harvesting cost. If private property rights arc well-
defined (c.g., domestic animals), the value of the living resource is its
going market price. In the case of competitive bidding tor a common
property resource (c.g., for publicly owned forest tracts), the unharvested
value 1s the competitive bid price. Finally, if there is no such market for
the common-property resource (e.g., open-access ocean fishery), this
value must be an implicit price.

As in the case of exhaustible resources. the analvsis 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-
exploitanon. That is, cach user of the commonly own~d rescurce may
maxirize his or her share with ine possible result of degrading the shares
of others and diminishing the furure potenual of the resource for ali
concerned. This may not be the case, however, where users have evolved
highlv organized controls over the use of common land, including
sancuions by the community against individual over-exploitation. In the
absence of interventions, agreements or traditional inanagement rights,
uscrs have open access to the resource and therefore no incentive to
control over-exploitation. If rapid technological and economic changes
are introduced, over-exploitation mayv 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 Aistorical
rights to the traditional fishermen are not respected, it can happen
that large firms enter with modern fishing vessels. For the short run
unit harvesting costs are thereby dramatically reduced, thus exacer-
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bating the tendency towards overfishing. Meanwhile, the traditioial
fishermen, unable 1o compete with such equipment, are left
inpoverished for want of any carch. But in the long run, as a
consequence of continual overfishing, harvest costs increase, despite
= onc should say, because of - the use of modern harvesting
teck.niques. Nor can one even necessarily argue that the introduction
of modern harvesting techniques in the scas is at least partially
blessed at the altar of intertempe. il efficiency; for the market
wage-rental ratio in many less-developed countries is thought (o be
too high.:

The renewable resource problem is illustrated in Figure 3.2. The
upside-down, U-shaped curve represents the natural growth rate of the
resource G(Q) which is a function of the size of the resource stock (for
instance, a fishery). If the resource stock is either too low, Qu, or too high,
Qum, the growth rate is zero. In contrast, population level Q* leads to a
maximum sustainable yield growth rate, as this is the rnaximum harvest
level (that is, q = G(Q*)) that can be sustained indefinitely without
depleting the populati,.i.

In Figure 3.2, harvesting of ..ie resource is represented by the upward-
sloping curve q, which we will assume to be a properly regulated
common-property fishery. Note that at stock level Qp, where the
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Figure 3.2: The Optimal Depletion of a Renewable Resource
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harvesting rate just equals the growth rate of the resource (eg., q =
G(Qy)), the population is at a stationary state level. Given the relationship
between the harvesting rate and the 1esu.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 siauonary state level (ie., 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 > Q
harvestung will exceed natural growth. The population will therefore
decline until, o1ice a2zin, the stationary state leve! Q; is attained. So no
matter what the i~itial resource stocks are, given the rate of harvesting
represented by curve g, the population will eventually settle down to the
long-run equilibrium represented by Q,.

Figure 3.2 also shows what can happen if the rules governing &
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 :s they will riow ignore any user and
externality costs.?’ Thus curve g, now represents the new harvesting rate.
The new stationary state level should now be Q. but this is not always
sustainable in the long run. As the diagram shows, if the resouice is
mitially greater thau this leve! (ic., Q, > Q.) then harvesting exceeds
naturai growth and the stock will decline to Q. as a long-run equilibrium.
On the other hand, if the initial stock is much lower, 1.e. Q, < Q,, then
harvesting will still exceed narural growth. As a result, the resource will
not increase to Q. in 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.

[t should also be rioted 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
cxceeds the natural growth rate irrespective of the initial stock level, and
the resource will inevitably be exhausted.

[ntertemporal theories of the economics of renewable resources have
turther cxplored the conditions under which exhaustion is optimal.?!
Three important concitions appear o be:

1) If the social discoust rate is high cnough, or the regenerative
capacity of the 1c-carce low enough, then it is economically
nrofitabic to exhaust the resource. That is, it is more profitable to
harvest the resource as quickly as possibie ard invest the proceeds
in ather assets whose value will increase much faster.

i) 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 economically
profitable to exhaust the resource. For example, the reason wh
grey squirrels are not an endangered specics can be artributed more
to their low value as game than to either rapid growth or the high
cost of hunting them.

iii) Conditions i) and 1) may hold even if society sees some va'ae in
preserving the specics (Le., for the sake of beauty, existence or
biological diversity). The solution is to exhaust the resource until a
minimum stock leve] is reached below which the population is not
allowed to fall. For cxample, if whale popularions are considered
worth saving from exunction, there should be a moratorium
imposed on internatjonal whaling once these populations reach a
certain minimum threshold,

As in the case of exhaustible resources, uncertainty is a major problem
encountered in the analysis of the optimal exploitation of renewable
resources. This has been linked to the overali uncertainty about general
environmental problems consequent to ecoriomic activity as well as to the
specific diificulty of ecological uncertainty, where the natural rate of
growth varies at random.

SUMMA Y AND CONCLUSION

Given the conventional concern that exists about the availability of those
natural resources extracted and used as direct productive inputs in the
econcmic process, and the assumption that the increasing scarcity of these
resources is reflected in rising relative prices, the most common
theoretical approach has been to concentrate on optigial rates of
depletion. Analysis of exhaustible resources has focused either on the
economic conditions determining the optimal deplction rate or on the
relationship betwezn actual and optimal price movements. The analysis of
renewable-rescurce 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 convei-
tional approaches is essentially the same: what is the opumal rar: of
exploitation of a natural resource whose primary value is as a productive
input into the economic process?

Such an approach has been instrumental in understancing the kev
economic conditions governing the optimal management of particular
resource stocks. It has also laid the theoretical foundations for fuither
explorations of more complex economic-environmental interactions -
including the process of environmental degradation that undermines so
Mmany economic systems dependent on natural resources. None the less,
by definition, conventional theories in resource economics limit them-
selves to only one class of environmental problem. Even the problem of
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optimal pollution discharges, although related. is gener.llv analysed
separatcly 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 of
economically valuable functions must be broadened to include not only
the raw material and energy-resource inputs into the economic svstem but
all the other important environmental services as well. The latter will
typically include the function of the environment as the assimilator of
waste by-products from the economic process and the provider of
essential life-support, ecological and amenity services. Together, these
environmental functions underline the physical dependency of the
economic process and human welfare upon ccological processes and the
sufficiency of potentially scarce environmental resources, Proper valu-
ation of the economic consequences of resource degradation cannot be
limited to examining the scarcity of just one of these functions of
environmental assets. Instead, what is required is the proper valuation of
each of these functions and the way they interlink with economic actvity,
and the subsequent use of these valuations to indicate the trade-offs that
may emerge from natural-resource degradation.

Such an approach requires a broader. alternative view of natural-
resource scarcity than conventional economic theories allow (see Chapter
5). Before discussing this broader view, it is first necessary to complete the
review of conventional theorics by examining important contributions to
the cconomic analysis of pollution and tjin preservation of natural
cnvironments,
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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 abnut 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 trace-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 preduction. its intermediate
processes, and consumption. Thus by definition, a waste residual or
pollutant has an important economic interpretation:

A residual 1s a non-product ( material or energy output), the value of
which is less than the costs of collecting, processing, and transporting
it for use. Thus, the definition is time dependent, that is, it is a
functicn of (1) the Jevel of technology in the society at u point in time
and (2) the relative costs of alternative inputs at that point in ume.
For example, manure in the United States is now a residual, whereas
thirty or so vears ago it was a valuable raw material.!

As pointed out by Baumol and Oates, the convenuonal cconomic
approach has always been to see ‘‘the problem of environmental
degradation as one int which economic agents imposed external costs upon
socicty at large in the form of pollutior.. With no prices to provide the
proper incentives for reduction of polluting activities. the tnevitable result
was excesstve demands on the assimilative capacity of the environment.
The obvious solution to the problem was to place an appropriate price, in
this case 2 tux, on polluting activities so as to internalize the sociil costs.”?
Thus, pellution 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 piace
because the damages are not automatically reflected in market prices. The
market price of a polluting acuvity indicates its private costs but under-
estimates the full social costs.

This situation is illustrated in Figure 4.1 with the example of burning
coal for industrial use. Curve S is the private supply curve of the industry,
and curve D is the demand for coal. At price P, the private supply is
therefore equal to the demand., and the industry will sell amount Qof coal.
However, the damages inflicted on some people in society from the
burning of coal (c.g., air pollution or the etfects of acid rain) should be
added to the schedule of private costs trepresented by S) to indicate the
true social cost. This leads to the social supply curve, S'. Thus the socially
desirable outcome is really Q*, where demand s cqual te the schedule of
social, not private, costs. Consequently, society is burning 100 much coal
because the market price P does not account for the external costs of coal
pollution. In Figure 4.1, the shaded arca represents the social, or welfare,
loss associated with burning too much coal. As noted above, the
conventional economic solution is to adjust market prices until the socially
desirable output level Q* is artained. In Figure 4.1, this is achieved by
imposing a tax on the burning of coal, that would be cqual to the marginal

Price Ve

Q* a Coal

Figure 4.1: Optimal Tax on Pollution
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social damage produced by that activity and viould raise the market price
to P*.

The economic analysis of externalities has a long historv, dating back to
Marshall and Pigou.' In fact, the solution depicted in Figure 4.1, of
charging polluters an effluent fee equal to (net) marginal social damage, i
often reterred 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 supplyv"
(i.c., “‘undepletability’”’) and bv “non-cxcludabihity”. For example, the
former implics that consumption of the gcod by one individual does not
reduce the consumption by anvone clse, whereas the latter indicates that
it is impossible to exclude any potenual censumers. Indecd, most forms
of pollution have the characteristic of bein: undepletable. For example, if
coal burning pollutes the air, it affects all who breathe it simultancously
and not just each individual incrementally. Moreover, a decrease or
increase in the number of people breathing the polluted air does not
reduce the level of pollution; one individual’s consumption does not aifect
the quality of air breathed by others.

Not all forms of pollution are necessarily (undepletable) public bads.
For example, when trash is dumped on sorncone’s property, it clearly
affects only that person and nobody clse. This is an example of a
depletable externality: by one person receiving all the trash on his or her
property, the ameunt received by others is clearly reduced. Nevertheless,
except for some special cases, .he basic policy perscription for both
depletable and undepletable pollution externalities 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 must
ultimately be equal to the marginal social damage caused by the effluent
discharge. In calculating this tax, however, it is important to weigh the
benefits 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 optima! lcvel of pollution, and the tax
should be set to equal marginal social damage at this point.

This theory can be illustrated simply (sce Figure 4.2). In Figure 4.2, the
curve AB represents marginal abatement costs which increase as the level
of pellution is reduced. In the case of coal burning as discussed above,
industries are producing OY of uncontrolled pollution. Curve CD
represents the marginal damage costs incurred 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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are zero. OY is theretore not the opumal level of pollution. This 1s levei
OX., wvhere the marginal abatement costs just equal the marginal damage
costs. So in order to mamntain this opumal level of pollution, a per unit tax
must be levied of EX cqual to the marginal soctal costs of pollution at OX.
Although a higher tax could be imposed to reduce pollution even turther.
sav 1o OZ, this i also not optimal, 4. at this discharge level the additonal
abaternent costs imposed on the industrv more than exceed the reduction
in soctel damage.

OPTIMAL POLLUTION CONTROL: CHARGES VERSUS
STANDARDS

Although, in theory, the imposition of (Pigouvian) effluent charges
appears tairly straightforward, in practice it is netther simple nor cost tree.
Equally, the alternauve method of legislating a maximum ceiling on
pollution (for cxample, cqual to OX in Figure 4.2) is difficult to
implement. In general, the process of monitoring and evaluaung ettluent
discharge rates, tormulating 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 equhibrium’™
to be approximated, is extremelv complicated. It is not surpnising that o
mixed bag ot pollution control policies - including environmental
standards, poilution taxes. dumping licences and charges, markerable
permits, abatement subsidies and planning zones - 1s resorted to. The mix
depends on the msututional tramework of the cconomy and the
crrcumstances under which potlution oceurs.

Nevertheless, there 1 a substanual body of cconomic hiterature about
the opuimal pohcies tor poilution control - partcularly on the relauve
merits of indirect controls rsuch as Pigouvian charges and subsidies)
compared to direct controls (suck as standards). In some cases, both
approaches have been rejected aitogether :n tavour ot alternative methiods
of reaching soctally opumal levels ot waste emission.

One ot the classic challenges to the orthodox o versus standards
approach was the so-called “*Coase theorem™.” Coase srgued that, tirst,
the direction ot a poilutton externality depends on property nghts, and
secondly, where there is a small number of vicums “iid an equally small
number ol polluters, voluntary barsaining berween the two parties -
rather than a Pigouvian tax - will lead to the opum~! solunon. lFor
instance. 1n the coal-burning case described in Frrure 4.2, 1t the number
of polluting industries 15 smail and the number ot vicums sutfering from
emissions 1s eqqually small, then negotiations bewween these two parues
will be relauvely cost (ree. Through bargaining, the vicums may be
willing to pav the polluters to redrice thair emission levels from OY 1o OX
(s.e Figure 1.2). As the number of gencrators and victims are small,
introducing a PPigouvian t=x may be unfeasible and even distorung.”

Coasian pargaining clearly onlv works when the numbers of vicums
and polluters ure small. As these numbers increase. bargaining 1s no
longer cost tree, and both individual and group interests wend to diverge.
Morcover, when the numbers are small, there mav be circumstances
when Coasian bargatning breaks down or when certain forms o strategic
behaviour emerge which make Pigouvian taxes opumal. Finaliv, if onlv
one irm 1s burming -.al, then it essenuially has “*monopoly power™ in the
bargaining over pollution reduction. Consequently, it is likelv to bargain
for a higher price ‘rom thic victims for less ol a reduction i ermissions. On
the other hand, if the tirm monopolizes the product market, it may have
already restricted output, such as betow Q* in Figure 1.1 1n order to
maximi.e protits. Theretore, the firm would actually be producing a sub-
opumal level of output and thus polluuon. To reach the optimal level, the
monopolisy has to be compensated, but 1t 15 unrezsonable to expect the
vIctims to agree t- this as they would be incurnng che ensuing damage. *

As the most frequent and serious pollution problems mvolve lurge
numbers of victims and/or polluters, the major tocus has been on the
relative merns of charges compared to standards.

Although a system of standards is casier to administer, there is no
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guarantee that these will vield the socially opumal level of pollu:ion (i.c.,
OXin Figure 4.2). These are usually setected on the basis of environmen-
tal impact with no consideration given to abatement costs. Moreover, the
cost-mmntmizing polluter has httle incenuve to use new abztement
technologies to reduce effluents but will instead tend to discharge at the
maximum permessible levels. In contrast, with emission fees, there is an
tncentive to use new technologies to reduce the level of effluenis in order
to muimuze the charges.

One major drawback m imposing a Pigouvian tax, or charge, on
polluters 15 that this must be equal to the marginal social damage of
pollution. Esumatng the latter 1s extremely difficult, given the need to
know the environmental impacts of the pollutants, their damage 1n terms
of health. acsthetic, amenty and other costs, and their monetary value. In
additton, the opumal tax 1s not ¢qual 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 toits oprimal level
e.g., OXi. As argued by Baumol and Oates, “if there 1s litde hope of
estimating the damage ihat s currently generated, how much less likely it
i1s that we can evaluate the damage that would oceur 1n an opumal world
that we have never experienced or even describad in quanutative
terms”™ * Whereas the calculation of a Pigouvian 1ax only requires
knowledge ot marginal social damage and allows the polluters to adjust
«ar private abatement costs accordingly, this does not alwayvs imply that
a syscem of charges 18 superior to direct regulatory controls. Charges are
only unequivocally preterable where the pollution contro! agency 1s able
to denuty polluter proups among which there are differences 1n
environmental impact and within wiich there are sigmificant vanatons in
abatement costs. Obtaining this information and establishing, differental
charges 15, once agan, a costly approach. i

Establishing cifluent charges 15 also difficult for reciprocal and non-
,epnrab'c pollution externahuies. The example of coal bumm;, discussed
s0 far 15 a umdirectional externality; that 1s, the industry is imposing the
costs of coal pellation on the rest of society and not the other way around.
On the otker hand, if'a poilur -+ externality 1< rectprocal, party A and
party B mitually im; ose an externality on each other. For example, coal
burning by one industry may increase corrosion in the 1nstallations of
another type of industry, while at the same time the chemical waste
discharged by the latter mav affect the quality of water used in the coal
burning industry. Such a reaprecal pollution externality 15 also non-
separable in that each industry's cost tunction ts dependent on the other's.
A systun of opumal pollution charges has theref-r. o dea! with the
add.uonal obstacle of deteriraning these cost inierdependencies. '

Given the tremendous uncertainty surrounding the design of opumal
pollution control policies, more recent 'heo:etical explorations ! such
policies have cxplicitly tried to incorporate the problem posed by
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uncertainty. For example, given uncertainty over abatement costs, the
general conclusion 1s that neither a liear tax schedule e, a marginal tax
rate that does not vary with the quant:ty of emissions discharged) nor a
pollution quota 'i.c., a maximum level of permssible discharge) s
optimal. Instead. te best policy 15 to use tax rates that vary with the
quanury of pollutants discharged. One way in which this can be
appreximated is through a system of marketable ti.c., transterable)
emission permits, where the potlution control authonty determines the
aggrezate quanuity of emissions and then issues a limited number of
parmits corresponding to shares n this aggregate emussion level. The
authority then allows polluters to trade freely for these permuts inanopen
market. Not only will the market price for these permuts retlect the true
social costs of pollution. and eventually cause marginal abatement costs to
be cqualized among competitive polluters, but it also means thai the
emission fee will now most likely varv with the quanuty of emissions
discharged by cach polluter. Nevertheless, just as there are a range of
special circumstances in which uncertamty dictates that administrative
siandards are preterable to an effluent charge, there are also arcum-
stances where uncertamnty over costs favour charges over marketable
permuts. !

In the conventional approach to the pollution problem, which s to treat
it as a special example ot market failure, there is a distinct predilection tor
the use of (Pizouvian) ta¥=s to correct the price mechanism. In pracuce,
however, cconomists are more resigned to the difficulty of implemenning
such an ideal solution and instead accept a more mixed r ey of
standards, charges, zoning, dumping fees, marketable permits, abatement
subsidies. and so on. These seem more teasible given the constraimts that
exist on information and admimistration. One such frequently advocated
- wxed approach involves the selection of desired environmental standards
for the control of pollution levels but then uses a combination of specitic
charges, marketable permits and even moral persuasion to achieve them.
This 15 in “reference to any atempt to base them on rhe unknown, and
difficult to esumate, valuc of marg inal social damage. -* Both the standards
and the various systems of charpes could be adjusted as more information
on pollution and individuals’ prefetences becomes available.

THE PRESERVATION OF NATURAL ENVIRONMENTS
OVER TIME

In recent vears, conventiona! economic theery has stretched its horizons
in order to consider another particular problem of the puvlic good - the
preservation of natural environments. As with pollution, uncertainty s an
important aspect of this problem, although in the case of environmental
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preservation, uncertainty is a special feature of the decision whether or not
to develop a given narural area.

There have generally been two approaches to the problem of
environmental preservation. Some studics 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 clear
cutting a redwood forest, or developing a hydroelectric project in the
Grand Canyon.”'s Others have stressed the essential utility-yielding role
of natural ccosystems and their environmental functions.'” The general
conclusion deduced from both approaches is that “too few resources are
likely to be devoted to the preservation of non-producible environmental
assets that provide amenity szrvices”. 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 an
increase in their availability. Thus the cconomic value of natural
areas ‘s expected to increase over time.

ii) There s often asymmetry between alternative uses of scarce natural
wonders. 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 development remain open as options. Irreversible
conversion entails an opportunity cost - the loss of the value of
retaining an option to consume the services of the gift of nature
under conditions of uncertain future demand for its services. I*

As noted in Chapter 1, John Stuart Mill is usually credited as the first
economist who considered the need to preserve natural environments as
an economic problem. In more recent times, however, analysis of this
problem has clearlv moved beyond Mill’s concern with the scarcity of
natural beauty and solitude. Nevertheless, as modern approaches make
clear, the basic supposition underlying Mill's concern still holds namely
that as long as development of a natural environment is irreversible, some
account must be taken of the behaviour of future costs and benefits. In
fact, under certain conditions it may even be worthwhile to have too little
development in the present to avoid future and greater losses from too

much development. These conditions include assuming that:

1) the natural environment thsc is s be irreversibly developed is
unigue; i.c., that rechnology can do little to replicate its ecological,
physical and geographical characteristics;

ii) the amerity services of this environment enter directly into the utiliry
functions of consumers with no intervening production technology;

ili) perfect substitution (in consumption) between this and other
environments is not possible; and
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iv) that technicul change is asvmmetric; that is, it results in expanded
capacity to produce ordinary goods and services, but not natural
environments. ‘¢

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 scrvices 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 arc cxploited 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 of deriving environmental scrvices from these arcas. “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.”?° These option values mav 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 ccological 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,”?!

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 cffects. 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,? 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
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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”.?! Itis doubtful whether sufficient knowledge can ever be
attained to estimate these probabilities. Morcover, there are likely to be
cases where previously economically insignificant species are discovered
to have great value, or where completely unknown species are destroved.
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 conscrving biological diversity often brings us back to the
problem of preserving natural envirenments - 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 cfforts, 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.?5 At the same time, developing countries
often face various social and administrative lags in implementing
conservation policies. These include “a perception lag, alag in convincing
individuals of the need of collective action, a lag in devising alternative
possible policies and a delay in sclecting a policy from amongst the
alternatives and obraining its social acceptance.”? 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”

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 over 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 simpl+ 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 cnvironmental
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. Unfommately, both methods are limited by the same problem
that prevents #n situ environmental resources and the services they yield
from having a distinct market-price in the first place.

‘The essential feature of cost-benefit analysis is that the concept of price
is extended to shadow prlcc which incorporates the valuation of non-
marketed resources and services, or the discrepancies between social and
private costs. However, the difficu’zy 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 ~nvironmental func-
tions” .28 For instance, in order to determine the social costs and benefits
of a decision to dev:lep a previously undeveloped wilderness area, it is
necessary to know both the preferences of present generations and those
of futuie generations who may be affected by (he loss of a wilderness area
but who may not necessarily benefit from its current economic exploitz-
tion. As discussed above, this problem is compounded by the fact that
environmental destruction is often irreversible, and knowledge about the
exteitt and degrec of loss in environmental functions is often incomplete.2°

A related teciinique is obtaining information about subjective preferen-
ces and individuals’ willingness to pay directly through surveying
methods. 1 this way, monetary measures of the value of non-marketed
environmental resources and functions can be estimated.®® 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
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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 ioss for
an inaccurate response. There is no incentive to be correct.”! 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 or
- because the polluter should pay.”*? Thirdly, in response to willingness-
to-pay surveys, individuals may express onc value for use of an
environmental resource or amenity service when considering the cost or
allocative implications for himself or herself, and express a different value
when considering the implications for society as a whole. >’ Finally, ““since
the consequences of the disturbances of ecosvstemns are difficult to
gauge”, non-specialist individuals “have inadequate insight into the
importance of the environmental functions”, the surveving methcd is
“pointless except in special cases (eg., noise, nuisance and stench) in
which the loss of function is suffered directly by individuals”, "

The inability to assess fully the social damage of pollution or option
price of a narural 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 of eculogical processes
themselves™. As a result, “in the absence of perfect information and both
perfect and instantancous response to ecological disequilibrium, the
system can be unsustainable.”* Accounting for the decay of, say, the
waste assimilative capacity of the environment, is thecreticaily not
difficult to do - as the models developed by Forster indicate. Very little
has been done, however, to extend this approach either methodologically
or analytically 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
resou'rce-based systems, such as agro-ecosystems, may be totally depend-
ent upon ccological processes and functions. Yet the majority of
conventional approaches focus on the direct amenity and aesthetic value
of narural environments for individuals, or only discuss the potential
productive worth in terms of genetic material, rather than their ecological
importance in terms of maintaining ccological processes and functions
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essential to cconomic activity. [t 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 und 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-cnviron-
mental interaction involving all the potental functions of the environ-
ment. Again, theoretcally the task i1s 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.’” In this way, the analysis takes into account the competing uses of
natural resources as potcntlal 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.3®

Over all, there has beea little development of = 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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An Alternative View of
Natural-Resource Scarcity

The previous chapters have examined the historical background to
modern economic theories of natural-resource scarcity, have noted the
most significant non-cconomic influences on these theories in recent
umes, and have summarized conventional cconomic approaches to
problems of resource depletion, pollution and environmental presecva-
ton. As noted in the Introduction, however, Increasing attention has been
called to a new class of environmental problems that require a different
kind of theoretical approach from that used to deal with the morc
conventional problems. In general, this new class of problems s
characterized by a process of cumulative environmental degradation
resulting from cconomic 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 - controlling
environmental degradation ia the long run versus increasing cconomic
activity in the short run. Thus a new., or alternative, theoretical approach
is required in order to analyse the phenomenon of this special type of
natural-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 the
trade-offs zmong all the functions of the environment; and to consider the
intertemporal implications of these trade-ofTs.

It must be stressed that this alternative approach is hardly a
replacement for conventional cnvironmental and -esource cconomic
theory. Rather, the alternative approach should be seen as a necessary
extension of environmental and resource economics into the explicit
analysis of environmental degradation and the economic consequences of
ecological 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.tional approaches differ in one
important respect. With the emphasis on irreversible environmental
degradation and the possibility of ecological collapse, an alternative
approach resurrects the notion of absolute narural-resource scarcity,
which seemed to have been so successfully buried by the classical and
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early nen-classical theorists. As emphasized in Chapter 1, however, the
distinctions between the contemporary conventional and alternative
approaches arc not merely a replay of the absolute versus relative natural-
scarcity vicws of the ecarly cconomists. Instead, the non-economic
influences of conservationism, ccology and thermodvnamics 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 theoryv of
natural-resource scarcity is the need for more environmentally sustain-
able development, it 1s 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 onc interpretation of what an alternative economic view of
natural-resource scarcity implies, and then by capturing the essence of
this view in a simple model of economic-environmental interaction. To
complete the theorctical 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
tllustrate such unique scarciry 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 - ¢.g., resource depletion, optimal pollution and environmental
preservation - conventional approaches have contributed significantly to
our understanding of the econor.ic 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 of some or all of these
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tunctions as the environment deteriorates.

The analvsis of such “global™ problems of economic-environmental
interaction requires stepping back trom the conventional approach of
analyvsing discrete environmental and resource problems, and instead
treating such problems together as part of a wider problem of cumulatve
environmental degradation in an integrated cconornic-environmental
system. There 1s an analogy here with the relationship between micro-
cconemics (the study of firms and consumers in individuai markets ) and
macro-cconomics (the studyv ot how overall output, emplovment and
prices arise in the entire cconomic svstem, across all markets. and how
they are iniluenced 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
of economic-environmental interactions, whereas an alternative view that
focuses on the process of environmental degradation that mayv be
potentially destabilizing to an entire economic-environmental system can
be considered a more ‘“‘macro’ approach. Both approaches are comple-
mentary, require the same analytical tools of economics and together
provide a comprchensive 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 system.?

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 gencral definition of natvral resources that
emphasizes the entire spectrum of utility-vielding tunctions 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 svstem. Past theoretical and empirical
studics have considered only industrial raw materials using arguably
challengeable assumptions and, in so doing, implicitly ignored the
services of environmental common property resources that arc used
in cconomic activity. This use may take the form of serving as
receptacles for the residuals from production or consumption
activities or in providing hospltablc environments for living orga-
nisms. [n 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
mulu-funcnonal - it provides numerous cconomic functions. or “‘ser-
vices”, for humankind. Some of these functions require the extraction and
conversion of natural resources (c.g., the productive services of raw
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material and energy inputs), whercas other beneficial services are
optimally provided when the environment and its resources are left
relatively undisturbed (c.g., life-support and amenity services). Thus the
¢nvironment is analogous to a store of natural capital that vields streams
of multi-purpose services that arc essential to economic activity and
human welfare. As a result, in any given cconomic-environmental
system, these essential environmental functions are competing cconomic
uses of finite - and thus scarce - environmental assets.

In general, one can distingish among three important economic
functions performed by scarce environmental asseis: first, the environ-
ment provides useful material and energy 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.* The latter range from recreational, health. cultural, educational,
scientific and aesthetic services to the maintenance of essential climatic
and ccological cycles and functions.’ It is worth claborating briefly on
each of these:

|. The environment provides resources that become the material 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 wouid expect that
the extracted resources and privatelv-owned resource stocks would
exchange through markets and that there would be a price for their
productive services.

2. The environment asstmilates the emitted wastes of the economic process.
Over time, the processes of energy and material extraction and conver-
sion, production and consumption associated with cconomic 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
cycles. 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 flow of “natural®™, or “‘crvironmental”,
services to individuals and production svstems. Unlike the first two roles,
whicn involve the direct physical interchange of materials and energy
between the environment and the economic process, this function relies
on the preservation of the environment and the maintenance of m situ
natural resources and stable ecological relationships. As noted above, 1t
involves a wide range of services, some of which directly benefit
individuals’ welfare (c.g., recreational benetits, health and life-support
amentitics) and others that support the production and generai cconomic
acuvity (e.g., ecological and climatic maintenance, materi2ls cycling and
energy tlow, prescrvation of genetic diversity, scientific and educational
benetits). These are all mainly non-marketable services; that is, although
they have important welfare implications these services are largely
provided by common-property iesources directly to individuals or
economic processes and so lie outside the market mechanism. Morcover,
as in the case of the environment’s waste-absorbing role, this function is
really the product of many interlinking ecosystems and narural resources.
Consequently, it is crucially dependent on the overall state of environmen-
tal quality.

Together, these three economic functions of the environment under-
line the physical dependency of the cconomic process and human welfare
on ccological processes and on the sufficiency of potentially scarce
environmental resources. The fundamentai scarcity problem, therefore, is
that as the environment is increasingly being exploited for one set of uses
(€.g., to provide sources of raw material and energy, and to assimilate
additional waste), the quality of the environment may deteriorate. The
consequence is an increasing relative scarcity of essential natural services
and ccological functions. This is the shorr-run natural-resource scarcity
problem as identificd by the alternative view. It arises because of the
=nvironmental degradation inflicted by economic activity in the economic-
envircnmental system. An environment that js providing resources as
material and energy in excess of their regeneration and is continuously
absorbing waste in excess of assimilative capacity must be experiencing
some ccological damage and deterioration. This increase in cnvironmental
stress, or disorder, must ultimately affect the provision of natural services.
For example, clear-cutting a tropical forest for timber means the loss of a
wilderness preserve; of a climax ccosystem; of the maintenance of
hydrological and materials cycles; and of a swre of genetic information.
Similarly, the pollution of a river system not only damages other
economic activities such as fishing, but may disrupt aquatic and
surrounding 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 1s not directly retlected 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 whict. re
not reflected in market outcomes ™", then markets cannot be relied on alone
to allocate scarce environmental resources ctficiently among its three
competing economic tunctions.” This means that resource-dependent
cconomic 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 ot waste. This would
be to the detriment of the provision of environmental services, unless
cconomic policy explicitly corrects this allocation process by taking into
account the growing relative scarcity of these natvial services.”

In the long run, if pervasive environmental Jegradation continues
unchecked, it may permanently disrupt ecological stability and resilience
and thus lead to an absolute scarcity constraint on the sustainability of
economic activity and growth.! This is the long-term scarcitv effect
suggested by the alternative view. In the 1960s and 1970s. 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 recently, it has been maintained that long before such
resources are coupletely 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 svstem around the
fixed point of a given 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.!?

This is clearly a very pessimistic perspective and one that contirasts
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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, this
alternative 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 quality
leading up to such an “‘ccological breakdown” represents disruptions to
non-marketable common-property resources and ecosystems; hence,
there are no accurate price signals for conveying the costs. Furthermore,
severe ccological disruptions imposed by environmental degradation are
not likely to resemble the “normal” Ricardian scarcity cffect of well-
behaved, gradvally 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 thermodvnamics have
been used by some analysts to describe the process of resource depletion
and 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 cannot prevent the economic process from
requiring additional environmental resources as material and energy
mputs or from converting them into waste. The best it can do “is to
prevent any unnecessary deterioration of the environment™ !

[s it theretore inevitable that the “‘entropic’ nature of an economic-en-
vironmental system must inevitably lead to its own ccological collapse?
Perhaps more important, is the present pattern of man’s exploitation of
the biosphere so precariously unstable that global “ecological break-
down’" is the ultimate conclusion? This interpretation of the alternative
view of natural-resource scarcity - which can be called the strony
hypothesis - may indeed turn out to be the most important economic
question raised in recent years. However, it may be empiricallv unverif-
iable unless of course, unfortunately for the human race, such a day of
reckoning actually dres dawn! Perhaps less important in terms of our
ultimate fate but more immediatelv verifiable, is the weak hvpothesis
suggested by the alternative view. That is, the assumption of a potential
absolute ecological constraint means that in any cconomic-environmental
system where cumulative resource depletion and waste generation leads
to unchecked environmental degradation, severe ccological disruption
and 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 scgments 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-cxploitation can lead to rhe
collapse of economic-environmental systems. As we shall see in Chapter
6, the Amazonian region, which is suffering continuous tropical detores-
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 arca and
neighbouring regions to support dependent cconomic svstems and human
populations. Similarly, extensive agncultural production on marginal
lands in semi-arid and arid zones can lead to acceleraung problems ot soil
crosion and long-term desertitication. * Using the case of the uplands of
Java, Chapter 8 will highlight the need for substanual changes in
agricultural svstems, in economic incentives, and in the pattern of
investment required to ensure the long-run sustainability of agricultural
production under fragile drvland ecological conditions.

In advanced industrialized economics, largely located in the more
favourable ccological 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 Y%
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 of cconomic activity of advanced industrial-
ized countrics are not completely contained within their boundaries, the
resulting environmental degradation is cffectively 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
;hangcs resulting from the cxcess 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
f:xpansion of the oceans and perhaps even excessive melting of the polar
1Ice-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 ecosvstems, thus destabilizing livelihoods depend-
ent on fishing and forestry activities.’

The greenhouse effect and Amazonian deforestation are examples of
giisturbances to the environment caused by human activity that may have
important consequences for human welfare within the next 50 vears - if
not sooner. However, complete ecological destabilization of the biosphere
may not occur for centuries - if ever. This does not necessarilv 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 arcas 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 acuvity and
welfare may be very relevant. It may be cqually relevant to certain type
of agriculturai activity - such as irrigated semi-arid agriculture ang
erodable croplands - in advanced industrialized economies. Even in those
regions with more favourable ccological conditions. and types of econ-
omic activity that do not seem susceptible to any absolute ccological
constraint, there still remains the problem of environmental degradation
and the relauve 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 cnvironmental resources over
time.

A THEORETICAL MODEL

It would be wrong to infer from this discussion that such a coherent
approach actually 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 «heoretical models emphasiz-
ing these environmental costs and physical dependencies. All thesc eftorts
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 tlow of
energy and material inputs through the process of extraction and
conversion, production, and final consumption into waste residuals.'? As
some theoretical cxplorations 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-vielding goods
and useless waste. Under various conditions (c.g., the presence o!
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recycling), such a modcl can simultaneously depict the optimal rate of
depletion of natural resources and correspond_ing waste gcncrulion..“ As
Page has demonstrated, this approach can usefully be extended to discuss
the role of conservation and efficiency 1in materials policy. and to establish
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
envircnmental costs of economic activity. For example, the irreversible
conversion of r.atural areas in fixed supply may have a high opportunity-
cost in the form of foreclosing the tuture option of deriving environmental
services from them. Other studies have stressed the essentat utility-
yielding role of natural ecosystems and their ens .conmental tunctions.”
The conventional approach to optimat 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 varicty of problems of environmental resource allocation. <
In addition, the analysis of optimal choice over time between consump-
tion, accumulation and environmental qualitv has becn the focus of a
number of studies.*? On a broader front still, Norgaard discusses the co-
evolutionary development of ongoing feedback and interaction between
social and ecological systems, whereby the feedback mechanisms pre-
viously maintaining the ccosystem ate assumed by, or shifted to, the social
system.}

The alternative cconomic 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 modcl 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 environmen-
tal degradation, Figure 5.1 only indicates the transformation of material
and energy from terrestrial sources (i.c., 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 cnergy 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 for consumption C,, environmental i improvement
services V,, or investment [,. Consumption leads directly to increases in
social welfare, which is represented by a utility box. Environmental
improvement services generally assist environmental qualm X (and thus
the provision of the utility-yielding and productive services provided by



Figure 5.1: A Flow Diagram of Economic-Environmental Interaction
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the environment .. and also assist the recveling of some of the total waste
emitted by the economic system, W7 The recveled waste etfectively re-
enters the cconomic svstem as a productive input (not shown,. Invest-
ment can lead to capital accumulation from one period to the next. K. -
K.i, which in turn stumulates further expansion in output capacity.
Through the processes of production, consumpuon and saving, the
economic svstem gradually transtorms terrestrial resources into various
utility-vielding purposes.

However, the extraction of resources from the environment. R., and the
generation of net waste, N, by the cconomic svstem must eventually lead
to mcreased environmental degradation, S. - S... In turn. increased
environmental degradation can atfect ecological stability and resilience.-
If overall environmental quality can be kept above some mintmum level.
X, then over all ccological stability and resilience can be said to be sull
maintained. Even betore complctc ccological instability and collapse set
in, any increasc In environmental Lkg,radatxon 15 bound to lower
environmental quality, and thus have a negauve impact on social welfare.

Economic growth may improve social welfare by increasing consump-
tion and allowing for some improvements in cnvironmental quality (via
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 is one of balancing these various costs and beneftts 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 1s the additional problem that eventually increased environmen-
tal degradation could permanently disrupt ecological functions and thus
the overall sustainability of the economic-cnvironmental process. As
shown in Figure 5.2, at a future ume T, environmental degradation may
reach some maximum level S, at which ecological stability and resilience
is disrupted (i.c., X1 <7 X). As a consequence, social welfare would be
severelv constrained (1.e., U — 0). This long-term threat of ccological
dlsrupnon 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 verv simply the process of economic-
environmental interaction by which the relauve and asbsolute scarcity
implied by the alternative view might arisc. 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 theorics 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 ves, 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 invaniably calls for innovations that can slow down
the rate of resource throughput in the economy by reducing the inflows
of material and cnergy resources required from the environment and the
outflows of waste. There are essentially 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) factor substitution (e.g., labour power 1or 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.c., improvements in the recovery and recvcling of
producer and consumer waste); and c) the increased efficiency of
resource conversion and utilizanion (i.c., 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.c., better organization of
production, distribution and consumption in order to reduce
resource inefficiencies and resource use); b) changes in the composi-
tion of output (c.g., from non-durables to durables, or from
resource-using goods to services); and c) changes in product quality
and/or design (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 achicvable, 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
be feasible in the near future for the United States withour any sacrifice in
economic growth.? However, as Page has emphasized, what is technolog-
ically feasible in terms of resource saving may not actually be realized
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uniess the conservation criterion or keeping the resource base ntact 1or
future generations is accepted as a valid macro-cconomic policy goal.*" In
turn, this depends upon policvmakers accepung that the tvpe of scarcity
effects stressed by the alternative view posce real constraints to the
cconomic process, and that it is necessary to balance short-term
conventinnal objectives of macro-economic performance with the more
long-term considerations of future economic security and weltare. These
and other policy impiications of the alternative view will discussed turther
in Chaprer 8.

In addition to resource-saving innovations, better techniques of
environmental improvement and management could also allevrate anv
decline in environmental qualitv. The results may include an mcrease in
productivity, particularly in the case of agricultural and other resource-
based systems that are directly dependent upon ecological relationships
for production. For example, in the Sahel small farmers have struggled
for generations against drought, high temperature and marginal soil
fertility to establish a predominandy millet-based cropping system. With
the introduction of improved multicropping techniques, new drought and
pest-resistant varieties of cow peas, and no-tillage mulching, water run-
off and soil crosion have been reduced and vields have increased.™
Chapter 7 discusses a similar example of how improved land-
management techniques and cropping systems - accompanied by
appropriate cconomic policies, incentives and investment strategies -
might reduce upper watershed degradation in Java.

In numerous circumstances, the quality of the environment can benetit
from a variety of techniques ranging from improvements in resource, land
and water management; to ccologically appropriate tourist facilities.
conservation arcas and environmental policies; to the dissemination of
new conscrvation skills and training. Again, the political will to design
cconomic policies, incentives and investment strategies to implement
these techniques is all that is lacking.

Despite optimism that the combination of resource-saving and envir-
onmental management techniques could indefinitely postpone binding
ecological constraints, there are a number of reasons — in addition to the
problem of political will - why such innovations may not be automaticallv
or effectively implemented in response to declining cnvironmental
quality.

In the conventional case of increasing scarcity of raw materials. the
existence of identifiable markets for these resources means that the price
System can automatically respond to this scarcity and so induce the
appropriate innovative response. However, as stressed throughout this
chapter, many cnvironmental resources exist outside the economic
system, as integral components of complex resource and ecological
Systems, and are thus non-market common-property resources. As noted
in Chapter 4, although ' markets indirecdy and other institutions directly
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influence the allocation of these resources’ for use as rezource inputs and
waste assimilation as opposed to preservation, “unfortunaiclv none of
these can be relied upon to provide the information on the 1narginal
valuations of the resources involved in these allocations”.® Nor 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 this
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 ccological impacts of pollution and resource depletion. However,
changes in the state of the environment and its resources usuallv involve
substantial qualitative changes and interactions. The aggregate cffects on
ecological functions and systems may, in some cases, be an unusual
capacity for resilience and regenerative capacity. In other cases, this may
lead to a tendency towards rapidly reinforcing disturbance and disruption
(see Chapter 2). Because such changes are rarcly stable, frequently
irreversible an~ often cumulative and discontinuous, environmental
systems almost ncver settle to an cquilibrium suate in responsc to
perturbations and disturbances. Even iu the relatively simple cuase of a
constant input of pollution into a stream ccosystem, the ervironmental
System may or may not reach an cquilibrium for vears, 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.

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 cconomic 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 (sece Chapter 2):

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

1i) from the second law, as material and cnergy used in transformation
must irrevocably dissipate or decav, some degradation of material
and energy from a useful to a useless state by the economic process
is inevitable and irreversible.3

In other words, resource-saving innovations may minimize, but cannot
eliminate, resource throughput from the economic process. Given
uncertainty over ecological jrocesses and environmental change, even the
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miniinum resource-throughput Jevel required to sustain an econom
process may continue to damage the environment, particularly if it h
been subject to stress from past resource-using technologies for
significant period of time.

Just as the optimal allocation of output between consumptio;
environmental iImprovement services and investment is influenced by th
relative preterences of consumption to environmental quality and chang,
in the social value of capital accumulation (see the appendix to th
chapter), choices of resource-saving and environmental managemer.
Innovations over other possible technological mixes wi] oe dictated b
individual tastes and preterences. The classic problem here, of course, ;
that choice of innovations today will affect both furure consumption an,
environmental quality, vet future preferences and the preterences o
future generations are as yet unknown. For example, very little of t]y
yield-cnhancing technical progress in US agriculture during the post-wa:
period was induced by concern about the cumulative effects on soj
erosion, and has thus contributed to the current problems of soi.

In assessing both future and present reactions to environmental degrada-
tion, the crucial problem remains that “the level of the shadow price of
environmental functions is largely indeterminate because insufficient
information js available on the preferences  for environmental
functions”, »

In principle, resource-saving innovations in technoiogy and environ-
mental management should be cepable of overcoming the type of scarcity
cffects depicted by the model in the appendix to this chapter. However,
the main indicator of these scarcity effects - the relative decline in the
quality of the environment ard in ecological functions - occurs largely
outside the institutional mechanisms of the economijc system. At best, it
is only indirectly and parually reflected in the market through its Impact
on productivity, human health, fesource-management costs and so on.
Therefore, the appropriate innovatjve responses mav not be automatically
forthcoming, Morcover, given the complexity of ecological relationships,
their often unstable responses to stresses and shocks, the uncertainty over
future and even current preferences for environmental functions and
fesources, and the physical limits to fesource-saving techniques, the
effectiveness of innovations in amecliorating environmental deterioration
may be constrained. If this is the case, then the trade-off betwecen
consumption and environmenta) Improvemenr services, and berween
more growth and increased environmental preservation may be
unavoidable,
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SUMMARY AND CONCLUSION

This chapter has explored an alternative view of natural-resource scarcity
that considers the trade-off between environmental quality on the one
hand, and resource depletion and waste generation by the economic
process on the other. For the economic-environmental svstem as a whole,
the result of such a trade-off mav be the following two scarcity eftects: the
short-term consequence is the increasing relative scarcity of essential
environmental services and ecological functions imporrtant 1o cconomic
acuvity and human welfare; in the long run, pervasive and cumulative
environmental degradation mav lead to an absolute constramt it cco-
svstems are destabilized and essenually collapse, Although the strict
application of such an approach may be limited, it has wider implications
for the role of technological change and the value of the environment in
any system experiencing deteriorating environmental quality.

This more macro view of cconomic-environmental interaction con-
trasts sharply with conventional economic approaches that deal with more
specific, or micro, environmental and resource problems (such as the
optumal depletion of certain types of exhaustible resources, the optimal
control of waste effluents, and the preservation of unique natural
environments). Nevertheless, the alternative and  conventional
approaches are more complementary than mutually exclusive; both are
necessary for improving our understanding of the complex interaction
between economic and environmental systems.

The model presented in the appendix to this chapter formallv illustrates
this alternative view. It also confirms the general conclusion that if
individuals express preferences for essential environmental resources and
functions v. 1ich are perceived to be detenorating, then it may be optimal
to consider trade-offs between more consumption through resource-
using growth on the one hand and environmental preservation and more
sustainable development on the other. Witk its strong assumption of
increasing environmental degradation leading to ecological collapse, the
model may only be strictly applicable to a limited number of economic-
environmental systems. Its general insights, however, are more widelv
applicable to any situation where economic activity leads to declining
environmental quality and the loss of ecological functions.

The following chapters explore some examples of a slightly weaker
1ypothesis. These are examples of economic-environmental Interaction
it the global, transnational and regional level where the unchecked
‘nvironmental degradation from cumulative resource depletion and/or
vaste generation might lead to severe ecological disruption and the
ollapse of human livelihoods. The next chapter looks at the problems of
\mazonian deforestation and global warming as illustrations of the short-
nd long-term scarcity effects depicted by the alternative view, Chapter 7

ses the example of upper watershed degradaticn in Java to examine the
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cconomic policies, ncentives and investment strategies that mught be
required to tackle .4 specitic problem of pervasive environmental
degradation. Chapter » will discuss more generally the policy impiications
of reconciling trade-ol1s between conservation and developmer: goals in
order to achieve cnvironmentally sustainable development.

APPENDIX: A MODEL OF ECONOMIC-ENVIRONMENTAL
INTERACTION"

Figures 5.1 and 5.2 summarize the process by which the relauve and
absolute scarcity eftects implied by the alternatve view might anse man
economic-environmental svstem. The relationships depicted 1 these
figures can be adapted into a more rormal analvsis of the optimal
allocation of economtc and environmental resources over time resulting
from these scarcity cftects.

The following model analvses the prospect of irreversible damage to
the natral environment, arising from resource depletion and waste
gencration. The outcome is a steady decline in eavironmental quality
potentially leading to the long-term disruption of important ecological
functions and systems. In order to capture these relative and absolute
scarcity impacts of increasing environmental degradation over ume,
several assumptions are adopted.

First, in order to indicate the dependency of human welfare on essential
environmental services and ccological functions, a stock variable repres-
enting environmental quality X, is included along with consumption C. as
arguments in the social welfare function U:

U=U(C, X)), (H

with U(C) >0, CiCj 20, U, (X 2~ 0, Uu(X) < 0. Equaton (1)
indicates that at any time t social welfare i a concave, increasing runction
of consumption and environmental quality. To simplify analvsis. the
welfare function is addiuvely separable, that is, C.=C,.=0.

Secondly, itis assumed that at any ume tany output Q, produced bv the
economic system and not used for consumption, or for providing
environmental improvement services Vi, or for replacing depreciated
capital wK,, leads to a net accumulation in the apital 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 dircctly improve environmen-
tal quality through, say, conservation practices, resource management,
pollution clean-ups etc.; and those that indircctly improve X, by increased
recycling and the abatement of waste residuals otherwise emitted into the
environment.

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

S| - Sl-l = f(Rl’ Nl) L} (3!
X| = X (Sl, \vl) 3 (4
Xl < Xl—l Py (5

with f(R)) > 0, f.4N) >0, X(S,) < 0and X.(V) >-0. Equarion (4) show<
that environmental quality 15 a decreasing tunction of environmental
degradation S,, and an increasing function of ¢nvironmental improvement
services V.. A crucial assumption is that, since S, - S.., > 0 throughout any
ume period t, then X, must also be declining (conditions 3 and 5).**

Fourthly, in order to incorporate the absciute 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:

L<t<T, X<Xiand U=U(C, X} , (6)
limt, limX(S,) = Xand lim U — 0.
[_‘T Sl_‘S

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

Ql = Q(Kl) ) (7)
with Qu(K,) > 0 and Qu(K,) < 0.3
R=R(Q) , (8)
with R(Q,) > 0.
N = W(Q)-BVy) , (9)

with B.(V,) > 0, B«(V,) < 0 and W(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:
(10)

S . (11)

K,=
Kr

|~

, So=8
K>0 , Sr

v
v -
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The planning problem suggested by the model is how best to allocate
cconomic and environmental resources over time given the current
relauve scarcity problem of declining environmeatal quality and the
threat of = {uture ecological constraint on the entire svstem. A dvnamic
discrete-time optimization problem can be constructed from the model
with the aid of a few substitutions.

Substituting (7)-(9) into 3) vields:
Si- S = fIRIQ'K)), WIQIK) - BV =aKa Vi . (12)

with g (K -Oand ¢ V') 2 0. That s, as capital accumulation leads to
growth and - in the absence of technological change - more resource
throughput. whereas environmental improvement services reduce waste
through recvcling, then environmental degradation is essentially an
increasing tunction ot K. and a decreasing tunction of V. at time t.

Expressions (12) and +4) can be substituted for X, in the social weltare
tuncuon (1), which is now summed over the finite planning period [t, T ]
and dlscoun[cd at therate 0 <<r < I;

U= .
t=1 (l + [') U(C“ X(S' ot g(f\n ) V) (l_))

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

(11):

(I

-
1y

v 4

+ D pi(Ke + Q(KJ - (C+ V) -wK, - K)
t=1

+pu(K - Ko) + pra(Ky = K) +u(S - S.) +a(Sy - 5).

The Lagrangcan muitiplier p, can be interpreted as the utility value of
an additional unit of capiral, that is the social value of capital accumulation
that becomes available in period t.

Similarly, the multiplier u represents the social valuc 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 dvnamlc optimization problem is to maximizc (14) by optimal
choice of C,, V. and K. Assuming C.. V,, K, and S, >+ 0, the first-order
conditions are:

dL* 1
dC (l + 1

LJ (C) ) t= l’--nT (15)
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dL? - L) XSIe (V) =0

dv. l+r
(= 1T (16)

dL* LX) (X S)B(KD) + ooy = p+ plQUK) = w)
dK l+r) L 1) pl't p pl [ '

= 0. t=1,.T (17)
E=p-p=o, (18)
jé = LUXOXA(S )M+ 2K, V) - , (19)
d *
ST LiXX.S)+a=0 . (20)

As has been specified, the complexitv 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 vield:

C(C)

/X))
This suggests that the marginal rate of subsutution of X, for C, is equated
in each period with the impacts on the environment of a marginal increase
in environmental improvement services. These services cither protect the
environment directly, X.(V), or indirectlv by recycling waste and thus
reducing some of the negative impact of the economic process on the
environment, X.(S,)g.(\). Thus condition (21) defines the optimal trace-
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:

= XS (Vo + Xu V), t=1,...T . (21)

Po-p = pl QUK - wi # I 1+ = LUXaX Sog (K.
‘ t=1..,T (22;

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(Q.«(K,) - w), less the discounted marginal damage of the
environmental degradation accompanying this increased productivity
U(X)X\(S)gu(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 benetits, the
value remains constant, that is:

if piQ K- w = 3 *l” U XOX(Sog Ko

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 cconomy.
Condition (18) states that the social value of additional capital in the
first planning period and the period before are equal (i.c., the social value
of capital is unchanged up to the first period). Condition (19) shows that
the negative social value of a decline in tne initial state of the cnvironment
must be equal to the marginal damage of an increasc in environment
degradation in the first period. Any such increase in S, must be g social
cost, for it both lowers initial environmental quality, X, and it brings the
system that much closer to the level of environmental degradation that
causes its ““collapse™, S. In contrast, an increase in § would prolong the
life of the cconomic-environmental svstem and is therefore beneficial to
society. From condition (20), this benefit is equivalent to the marginal
utility 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 wherc any resource depletion and waste generation by the
economic 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 than
consumption, in their utility considerations), society may opt for slower or
even for no growth and the allocation of an increasing share of output to
environmental improvement services. Such allocative choices are clearly
consistent with a preference for ccological preservation over increased
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aggregate consumption. a preference that is perhaps spurred by appre-
hension over the tvpe of future absolute ccologicel constraint included in
this model.

NOTES

1. Recent surveys of environmental and resource economics, such as those by Partna
Dasgupta, The Controi of Resources «Basil Blackwell: Oxtord, 1982, and Anthony (.
Fisher, Resource and Emctronmental Economics « Cambridge Unmiversity Press: Cam-
bridge, 1981, have already demonstrated how specitic convenuonal theories o
opumal resource depletion, environmental preservatuon and pollution control all
share a common analvucal approach. The poimt made here 15 that these same
analvtical tools, suntably modified, can and should be apphed to the more macro
problem of environmental degradation and the destabilization ol an entire economic-
environmental svstem. Indeed. clements of this more global problem can be tfound 1n
these eclectic works by Dasgupta and Fisher.

An even morc 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 ol analysis 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
(Conservanion und Economic Efficiency: An Approach 1o Matenals Policy 1« Johns
Hopkins University Press: Baltimore, 1977), p. 2051 to reconcile the conservation
criterion of keeping the resource base in tact with the present value criterion of inter-
temporal efficiency: *The conservation criterion tunctions at the macro-cconomic
level establishing a context for markets; the present value criterion tunctions at the
micro-cconomic level of market efficiency. For poiicv analvsis and prescription both
levels are needed.”

2. The fact that cconomic-environmental systems exist on all different scales. or
hierarchical levels, breaks the analogy between the macro aspect of the alternative
view of natural-resource scarcity and macro-economics. which by definition 1s more
or less confined to the analvsis of the nanonal economic svstem. As subsequent
chapters will demonstrate, the economic consequences of environmental degradation
i1s 8 problem for a// economic~environmental svstems, whether at the local. regional
orglobal level. As discussed in Chapter 2, this point 1s also emphasized by Gordon R,
Conway, *“The properues of agroecosvstems”', Agricultural Svsiems, Vol. 24 (1987)in
hisanalysis of the sustainability and other properties of agro-ccosystems - one specitic
type of economic-¢nvironmental system. Note, however, that as one reduces the
“scale™ of the economic-environmental svstem, or decreases its “‘elements” to a
simpler problem of interaction between onc tvpe of economic activity and one tvpe of
environmental function, the environmental degradation problem may resemble more
conventional resource problems. in an extreme case, one such reduced economic-
environmental system 1s the classic renewable resource problem ol an open-access
fisherv (sec Chapter 31 In such a simple svstem, analvsis ol environmental
degradation is the same thing as the convenuonal analvsis of optimal harvesting, and
the sustainability of the svstem 1s in tum determined by the long-term potenual of the
resource stock for regeneration in response to harvesting. As this chapter will discuss,
the value of the alternative view lies in illuminaung scarcity clfects in more robust
economic-environmental systems, with more than one environmental function and
where these functions are potentially threatened by ccological disruption.
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V. Kerrv Smith and John V. Kruulla, “Resource and environmental constraints to
growth™, Admericun Yournai of Aericuitural Economies, \'u). 6] 1979, pp. 395-408.
Ralph C. d*Arge, ~*Economic growth and the naturai environment' i A.V. Kneese
and B.T. Bower reds.. Environmentai Onaliry Analvsis 1 Johns Hopkins University
Press: Balumore. 1972, provides an alternauve classification of these tunctions into
lour categorics:

i} a source of raw materiais:

i) space tor waste accumulation and storage;
i) The provision ot assimilation-regeneration capactty tor cnemicalls or biologicalls

acuve wasies: und

ivi the determinant of health and lite stvle, and of acsthetic satistactions.
See, tor example, E.G. Famnwortn. ¢t ul.,, “The vaiue or natural ecosvstems: An
economic and ecoiowical tramework ™, Envtronmentar Conserzanion, Vol s 198] . PP
275-820 A, Myrnick Freeman 1L, The Benenits of Environmensi Improvement Johns
Hopkins University Press: Balumore. 1979 and S.H. Pearsall T11. In absentia
benctits ot nature preserves: A review”, Envtronmental Conservanion, Vol 111984,
pp. 3-10.

. The nterpretation of common property used in describing this function and the

following 1s simular to the definiuon outlined by V. Kerrv Smutnand John V. Kruulla
in “Summary and research issues” in V.K. Smuth ved. . Searenrs and Grozth
Reconsidered 1 Johns Hopkins University Press: Balumore, 1979), pp. 204-5. 4
common property resource 15 one which 1s equally accessible to all members of
society. The allocation of t"...e resources does not take place through market
mechanisms, and so the market 13 not available to provide incenuves tor individual
agents to hmit their parterns of consumption or rate of utilization ol the resource’™s
services.”

Roetic Hueting, New Scarcuy und Ecomomie Grotwth: More Welfare Through 1es.
Production? (North-Holland: Amsterdam, 1980), pp. 1 and 3

Smith and Kruulia, op. cit., p. 286.

As will be discussed bejow, both the Increasing relative scarciy ot environmenta)
services and the degree ot resource dependency of cconomic growth may be mitigated
by technologiczl change. Note also that thrs view ot the relationship between
cconomic growth and the increasing relauve scareity of environmental services 1
analogous to the view of the “development versus environmental preservatior
option™ with respect o a specific unique natural environment discussed in Chapte:
1

- The terms ecologicul **stabulity " and “resilience™ should be interpreted as detined by

C.S. Holling, “Resilience and stability ot ecological svstems”, Annual Review o
Ecological Svsiems, Vol. 4 1973), pp. 1-24: C.S. Holling, * The resthience of terrestrial
ecosystems: Local surpnse and global change™ in W'.C. Clark and R.E. Munn ceds .
Sustanable Deveiopmen: of the Biospitere t Cambridgs University Press: Cambridpc,
1986): and G.R. Conwav. op. cit. See also the discussion in Chapter 2. Note that the
expression “'the sustainabilitv ol cconomic acuvity and growtn” could be analogousis
interpreted as “the abiity of a system to mamrain s structure and patterns o
behaviour in the tace ot disturbance™ Holhing, op. cit., pp. 2967, where the svsiem
In question is now an cconomic svst~ ... Thus, the claim bemnge made 15 that, given the
fundamental phvsical dependency of any economuc svstem on ccologicai processe:.
the sustanabiiity of that <vstem 1s not possible it a cataclvsmic aisturkance such as the
collapse of ecological stability and resilicnce occurs. As will be discussed turther in
Chapter 8. there are different views on the ingredients necessary to make an economiy
system more or less sustainable in the long run; that 1s, there 1s Vel to be a consensus
on what actualiv constitutes truly sustainable economic deveiopment.
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. See, for example, ] W Forrester, World Dvaamics +\Wright Allen: Cambridee
Massachuserts. 1971 and Dennis L. Meadows. Donnella H. Meadows., Jorgen
Randers and Wilkam Behrens, The Limus 1o Grozin: A4 Report tor the Club of Bome -
Project on the Predicament of Mun «Umiverse Books: New York, 1972,

. Herman E. Daly, "*Entropy, prowth and the political cconomy ot scarcity™ i VK

Smuth, op. L., pp. 73-6.

Nicholas Georgescu-Rocgen, Energv and Economuic Myihs: Instttutionai and Anals t1-

cal Economuc Essavs (Pergamon: New York. 1976., p. 19, See the reterences cited in

Chapter 2 for other classic works on this ‘entropy anatogy. Note that the conclusion

that Daly, op. cit.. draws trom this anaiogy 1s 1o argue tor a steadv-state economy that

minimizes resource tnroughput. In contrast, Georgescu-Roegen, op. ait., has argue.d
that this offers no tinal solution to the absoiute scareity problem as even a steaav-state
process at a high level of output 1s potentialiv ecologicallv unstable over the long run

See. lor exampic, the evidence presented 1a Jack A. Mabbutt, "A new globa,

assessment of the status and trenas of desertfication”™, Lnztronmental Conservation.

Vol. 11 (1984, pp. 105-13; and World Bank. Desertitication i the Saiwitan ans

Suduman Zones ot West 4trca World Bank: Washington DC, 1985).

For example. not ontv are most of the basic sources of extractive resources consumed

in advanced cconomies 'such as mineral ores, o1l and gas and forest products

obtained from the ueveloping regions of the world but also much of the basic
manulacturing cthe so-called “diry'”” industries of iron and steel, ship building,
vehicle manutacture, chemicals, resource processing, cte.) are increasingly being
transterred trom advanced cconomies to developing countries so as to exploit
financial advantages, particulariy 1n labour. Sce Edward B. Barbier, “The potential
for reviving economic growth: The pohucal cconomy of resource musallocation’™,

paper presented at The Other Economic Summut, London. 6-9 June 1984,

Nevertheless, the majonity of the output ot these industries 1s being consumed and

used as intermediare goods by advanced economies. This s one wav in which the

environmental costs ot high resource consumpuion by these cconomies are trans-
terred, or dissipated. trom their own economic-environmental svstems to that of the
biosphere.

For an interesung overview of this problem. see World Resources Institute and

International Insutute tor Environment and Development, World Resources 1986
Basic Books: New York, 19863, Chapter 10.

See the discussion and the reterences cited 1n Chapter 2.

See, for example, Raiph C. Jd'Arge. op. at.: Ralph €. d"Arge and K.C. Kogmku,

“*Economic growth and the environment”. Revtese of Economic Studies. Vol. 401 19753 .

pp. 61-78; Karl-Goran Maler, Environmental Economies 1 Johns Hopkins Universiny

Press: Balumore. 1974,: and Peter Nukamp. Theon: and Applicanon of Enzironmenta!

Economics | North-Holland: Amsterdam, 1977,.

See Talbot Page, Conservatton and Economie Effictency: An Approach to Marena!

Policv ( Johns Hopkins University Press: Balumore, 1977). See also the discussion ol

the policy implications ot sustainable economic development in Chapter b,

See. tor exampic, Edward B. Barbier. * * Alternative’ economic approaches to natural-

resource scarcity”’, PhD thess 1 Economics Department. Birkbeck College: Univer-

sity of London. 19861; Edward B. Barbier. * Alternative approaches to ¢cconomic-en-
vironmental interaction”, paper presented to the 13th Annuat Eastern Lconomics

Association Conterence. Washington DU, 5-7 March 1987 torthcoming in £coioerca:

Economucs: Farnworth er ui., op. cit.: Freeman, op. ait.; Hueung, op. it David W

Pearce, *The himuts to cost-benetit analvsts as a guide to environmental policy™.

Kyklos, Vol. 29 (1976, pp. 97-112; David \X'. Pearce, “Efficiency and distribution 1n

corrective mechanisms tor environmental externalite ™ in A. Schnarber, N. Watts ang

K. Zimmerman teds), Distrbutional Conflicts in Emtaronmental Policy iWZB-Publi-
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cattons: Berhn. 1985, David W' Pearce. “Opumal p: 2os tor Sustamable devetop-
ment” i D. Collard. DX, Pearce and D. Ulph -cass, Economics. Grosin ans
Sustamnasrle Development « Macmillan: London. 1988): and Pearsall, op. cit.

- See, tor example, Dasgupta, op. cit.. and Jettrey A, Krautkraemer, *Optimal growth,

resource amenties and the preservaton of natural environments”, Review of Econonue
Studies. Vol. 52 11985, pr. 153-70

22. See, tor example, Barbier, op. ot Robert A. Becker, * [ntergeneratonal equity: The

capital-environment trade-oft™, Fournal of Envtronmental Economics and Manaye-
ment. \'ol. 9 11982), pp. 165-85: Bruce A. Forster. “Optimal consumption planning
in a polluted environment”, Economie Record, Vol 49 1 1973), pr. 5H-45; Bruce A
Forster. *Opumal pollution control with a nhon-constant exponential rate ot decay .
Journai of Environmental Eeonom s and Muanagement, Vol. 2 (1975), pp. 1-6: Maler,
op. ait.iand Nel Vousaen. “Buasic thearetcal issues of resource depletion™, Fournai
o Ecomomie Fheorv, Vol 6 110773, pp. 12013,

Richard Norgaard. *Cocevolutionary development potential™, Land Economes. Vol
60 (1984, pp. 160-73; and Richard Norgaard. “Environmental economies: An
evolutionary critique and a plea tor pluralism™, Fournai of Emuronmental Economs
and Managcement, Vol 121985, pp. 382-94.

Following Becker, op. cir., and Maler, Op. cit., it 15 assumed that environmental
quality 1s measured by a stock of environmental goods that vield a tlow of services
proportional to that stock in each ume period. However, Becker, op. cit., defines this
stock vanable as “'the differences between the level of pollution for which life ceases
and the current level of pollution.” Similarly, Miler. op. cit., in his intertemporal
models considers that only the quality and flow of waste residuals and recycling have
an impact on environmental quahty. Hzre, it 1s assumed that cnvironmental quahty
may be atfected not onlv by (net) waste generation but also by resource depletion and
services to umprove the environment. such as conservation and resource management.
For a given type of ccosystem with its associated energy tlow, a measure of
environmental quality mav include, in addition to Becker's definition, the ecosye-
tem’s biomass (1 ¢.. the volume or weight of total living material found above or below
ground; plus some measure of the distribution of nurrients and other matenals
between the hiotic thving) and abiouc (non-living) components ol the ecosvstem.
Such a measure 1s discussed in more detail in (Barbier, 1986, Chapter 8), and 1s more
consistent with this model’s broader concept of environmental degradation. which
“‘comprises not just the loss of environmental quality that impinges on the senses, but
also the damage 1o the natural purification and regencrative processes of the
environmental itself™" (Pearce, 1985b, p. 21},

. See note 10 2h0ve and Chapter 2 on the distinctions between ecological stability and

resilience.
U.S. Office for Technical Assessment, Technology and the Amencan Economu.
Transiton (OTA: Washington, DC, 1988,

- See Page, op. cit., and Chapter 8.

Internanonal Insurtute of Tropical Agriculture, Research Highlights for 1984 (11TA.
Ibadan, Nigeria, 1985}, pp. 22-6.

- Smith and Krutilla, op. cit., p. 281.
. Norgaard. “Environmental Economics”, op. cit., p. 384.
. For turther discussion of these “limits” see Herman E. Daly, Steadv-State Economics

(W.H. Freeman; San Francisco, 1977) Herman E. Daly, “Entropy". op. cit.;
Nicholas Georgescu-Roegen. The Entropy Luw and the Economic Process { Harvard
University Press: Cambridge, Massachuserts, 1971); and Nicholas Georgescu-
Roegen. “Energy analvsis and economic valuation”’, Southern Economic Journul, Vol.
45 (1979), pp. 1023-58.

- Pierre R, Crosson and A.T. Stout. Productivity Effects of Cropland Erosion in the

United States (Johns Hopkins University Press: Baltimore, 1983).
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Hueung, op. cit., p. 141,

An cearhier version of this model appearcd m Barber, “rAlternatve’ economiy
approaches to naturai-resource scarcity™, op. cit.. Chapter : and m Barbier,
“Alternauve approacnes to economic-environmental interaction”, op. cit.

For this cconomic-¢nvironmental SVstem, environmental degradation for "disoraer”
1S assumed to occur n each period because the economic PTOCess must require some
resource inputs R,. tor production and generate some net waste N, In fact. it mav be
possible to construct an index ot environmental degragation that 1s proportional 1o
sotne measure of Ry and N.. See Barbier. ™ Alternanve’ cconome approaches 1o
natural-resource scarcity”, op. ait., Chapter 8, However. the addronal assumption
that the resuit of environmental degradation 1s lower environmental yualitv in cacn
period 1mplies that: a the Jevel of environmental umprovement services Vo ogs
msutticient to counteract the mcreased environmental desradavon, and b that
ceosystems are unabie to repanr the resulting damage to crucal tunchions, cveles and
resources. through converung the energy tlow trom tne sun or utilizing any inputs ot
materral and energy trom neighbouring ecosvetems. These are clearly strong
assumptions that mav not hold tor all eccononuc-environmental svstems.

Note that. ay discussed above and shown in Figire 5. L. some beneticial services of the
environment «such as the mantenance of soil, air and water gualitv. or of chmanc
stability) directly aid economic production. This would suggest that environmental
quali X, should also be included in the praduction function tor economic output Q..
However. to simphty analvsis in this model, the more traditional production tunction
for the cconomyv s emploved. Instead, the stream of benetits provided bv
environmental quality to production activities are mncluded as part of the overal
contribution of X, to weltare. Hence, X, in cquation | can be mterpreted as
representing both the direct utihty-vielding impacts of environmental quahty on
individuals and the indirect impacts on overall social welfare through assisung
production and other intermediate economic acnivities, In anv case, this mav be a
more appropriate way of accounting for these latter services. as their benefits arcotten
externahities 1o private production and consumption allocation decisions.
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Two Examples:
Deforestation in Amazonia
and the Global
Greenhouse Effect

e

In this chapter, Amazonian deforestation and the global greenhouse
warming will be discussed as examples of the type of scarcity effects
suggested by the alternative view. In looking at thesc two cases we are
interested in two things: first, any evidence to support the alternative view
and to indicate that its short- and long-term scarcitv cffects are real
concerns; secondly, the potential impact of these effects on economic
acuvity and a discussion of appropriate policy responses.

For the Brazilian Amazon, current cconomic policies, incentives and
nvestment strategies have plaved a significant role in accelerating
deforestation and torest degradation. Ameliorating the scurcity effects
caused by Amazonian derorestation will mean modifving these policics.
Similarly, there are a2 number of adapuve and prevenuve policy and
investment strategies that should be considered if the consequences of a
global warming are to be counteracted. The purpose ot this chapter is to
illustrate that the alternative view provides a logical framework for
analysing the cconomic impacts of these scarcity effects, and thus for
discussing the policy options available for combatting them.

DEFORESTATION IN AMAZONIA

Inthe Amazon region of South America, increased economic cxploitation
is blamed for widespread deforestation and the degradation of the region's
tropical forests.! This is leading to further ccological disruptions through
changes in soil quality and crosion. water run-off, rainfal! patterns and
local climate. There mav also be important consequences for the
biosphere if excessive Amazonian deforestation continues. To understand
the reasons for these concerns, it is necessary to appreciate the complexity
of the Amazonian ccosvstem.
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The Amazonian ccosystem

The Amazon River Basin covers an area of approximately 5.8 million km-.
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 countriecs - 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
farest - accounts for one third of the global tropical moist forest.-

Together, its tropical forest and river svstem 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 svstem discharges one-
fifth of all the river water that flows into the world’s oceans and scas. more
than half of the region’s moisture remains within the ecosvstem.® This is
due to high rates of rainfall, and equally high rates of solar cvaporation and
tropical forest evapo-transpiration.

The vast Amazonian ecosvstem can actually be classified into three
distinct types: the rerra firme (solid or dry ground) of the tropical forest
proper; the zarzea (swampy areas and flood lands) along the river banks
flooded during rainy season and rich in nutrients; and the 1apos
(submerged 2rcas) that are basically aquatic ccosvstems fed by the various
“black™, “white”” and “clear” water rivers. As these three ecosvstems are
closely linked, it is possible to view Amazonia as “a svstemn that nas
achieved a steady state in its water cvcle, nutrients, and energy balance ...
presently a system in equilibrium.”* Thus, the Amazon River Basin can
be classified as an extensive, subsidized climax solar-powered ccosvstern
(see Table 2.1) which is virtually self-sufficient in materiai cvching and
cnergy balance except for continuous inflows of solar radiation and a
tnajor influx of atmospheric water from the trade winds of the northern
hemisphere.

In the past, the vastness of the Amazonian forests has allowed a balance
between the use of forest resources for economic acuvity and sufficient
preservation to ensure ccological stability and sustainability. For centur-
ics, traditional forest dwellers have developed sustainable productive
systems that minimize deforestation and degredation. Their cconomic
activities have included hunting, fishing, crop growing, food gathering,
and the use of trees to build homes and canoes. Important cultural
mechanisms have been emploved to preven: this livelihood being
threatened by overpopulation. In Brazil, the torest-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 sustamnable and self-contained system that minimizes deforestation, As
long as the population density remains at two or three people perkm-, angd
the land is left fallow tor at jeast ten vears, then farmers need onlv clear the
secondary forest that has grown on the fallow land. Often, the secondary
forest is seeded with fruit or umber trees that make jt valuable even whep
Iving fallow. Thus many of these traditional systems have tremendoys
potential for not oniy meenng subsistence needs but also for generating
marketable surpluses of valuable crops. Realizing this potential., nowever,
requires a2 commitment to improving and cencouraging the sustainable
development of these svstems.f

Appropriate agro-ccosvstems tor the fertile, alluvial flood pians have
also been successtully deveioped. Although the rarzeas cover oniv 27 of
Amazonia, with proper lood control, small-farmer production of rrgared
rice, tree crops, food crops and jute - as well as water buffalo and tish -
could be substantially improved without damaging the environment,
Assuming a generous allocation of ten hectares (haj per farmer, the flood
plains could support up to one million farming houschold, or more than
five million people. However, the successful development of the rursous
would depend upon controlling the clearance of the natural ground coer,
drainage of the swamps and the excessive use of agro-chemicals.”

As Figure 6.1 shows, forest products from Amazonia can contribute to
a aumber of important modern industries with minimuu deforestation
and environmental disruption, provided that the trees of the toresr are
properly harvested in order to limir unnecessary exeraction and ccological

damage. The phvto-chemicals derived from some forest products mav
prove to be ideal renewable substitutes g5 the price of petroleum-based
svnthetics increases. Although 400 of Amazonia’s identified tree specles
are known to have commercial value, only 50 of them are being exploited.
usually on an extensive scaie without any regard for environmenra!
destruction.” Because of the complex and highly specialized species
interdependence, some forest products cannot be exploited unless the
plants are allowed to remain fully integrated in their natural tropica!
environment.*

A preserved tropical forest ccosystem is also a source of genetic material
for agriculture, industry, medicine and science, Although the world '«
tropizal moist forests contain some 40 to 50 % of the carth’s estimated five
to ten million species, only | ™ have been subjected to intensive screening
for their potential benefits to humankind. The Amazon is believed to
contain at least 39,000 plant species - three times a5 much as in all or
temperate South America, Some species have already been identified as
possible sources of drugs to combat cancer, heart disorders, high blood
pressur. and other illuesses. and as safe contraceptives and fertiliry
compounds. New indstrial uses of forest genctic materials are being
discovered, such as the development of new hybrids for boosting crop
productivity and/or increasing resistance to pests.'"
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Amazonia has traditionally existed, and could continue to exist, as a
highly diverse and stable ecosvstem capable of vielding essential environ-
mental services and supporting a number of important ¢conomic
activities. Exploitation of forest resources could increase even further
provided that deforestation and en. :ronmental degradation is minimized.
On a human timescale, the loss of such a highly developed ecosystem is
tantamount to the loss of an irreplaceable asset; even if favourable
conditions allow tor it the regeneration of an integrated tropical ecosvstem
approaching the complexity and diversity of Amazonia would take tens if
not hundreds of thousands of vears.

Increasing deforestation and degradation

Only rough estimates of the total amount of deforestation in Amazonia
exist. For the Brazilian Amazon, official estimates trom LANDSAT
imagery indicate that by 1980, about 124,000 km: 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 vear, 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 toral 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 o be
acceleraung in all the Amazonian countries. with the possible exception of
Venezuela.i*

The pattern of deforestation in Amazonia is highlv concentrated and
consists of two stages: road building, new settlements and the expansion
of cartle-ranching to secure speculative claims come first; clearing these
areas increases once they are established.’’ For cxample, forest areas
undergoing major conversion at rapid rates include parts of Colombia’s
lowland rain forests, especiallv along the Caqueta and Putumavo Rivers,
and parts of Brazil’s castern 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, some planned
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 forests (notably in Amapa, Acre and scctions along the
Trans-American Highwayv svstem, the varzea flood plains and the
Tapajas River area) have been converted by colonist settlement, forest
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farming, cartle raising and timber exploitation. Only atter settlement has
been well-established with surveved 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 bv gencrous 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 trom 38 to 73 %.'*> As population growth in the Brazilian
Amazon has been increasing by 6.13 % per vear - compared to 4 nationai
rate ot 2.78 % - small-farmer settlements are considered the second
major cause of deforestation. Small farmers are thought to have been
both directly and indirectlv responsible for about 11 % of the Brazilian
Amazon's deforestation hy 1983.'* Yet despite extensive settlement, the
Brazilian Amazon still cortains only about 5 % of the countrv’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 ot
natural forest each vear.™

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 ror the national cconomy.'* Most of Brazil's timber exports
consist of mahogany, which is being heavily logged in Rondonia and south
of Santaren. Given that onlv a few species of tree are commercially
exploited and that the population density of any particular species is
extremely low, vast arcas of tropical forest must be covered in order to
make jogging feasible. There are other species of wood that either serve or
could serve as substitutes tor mahogany including virola, pau martim.
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. is likely
to continue. Further potential timber carnings are also frequentlv 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
cxploitation 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, scetn to be
far from dramatic. For example, the Brazilian Amazon contributes oniy 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 relative
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and absolute scarcity eftects caused by deforestation, and the economic
distortions caused by poiicics to promote this pattern.

Short-term effects: Declining environmental quality

Amazonian detorestation represents a significant increase in environmen-
tal degradation and ecological instability, which has two important
saarcity impacts. First, as environmental quality declines, manv natural
services essential to human weltare and CCconommic activity start to
deteriorate or are lost. Sccondly, extensive deforestation may cventually
disrupt the crucial water, cnergy and nutrient cvcles that link the
integrated Amazonian ccosvstem. This potenual destabilization can be
considered the long-term. absolute ccological constraint facing current
economic 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 por aually 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;2?

iif) The disruption of the culture and livelihoods, and a decline in the
population of traditional forest dwellers;*’

iv) the spread of endemic discases and pests;?* and

v) The loss of productivity and other economic damage due to the
water run-off, soil degradation and erosion accompanying defores-
tation. This often undermines the productivity of shifting cultiva-
tion, commercial cropping and ranching operations.®* For
example, after converted pasture is worked for two or three vears.
rainfall easily leaches nutrients from the thin surtace soil (see Table
6.1). Soil run-off leads to the siltation of waterways and increased
flooding, which affects cultivation and fishing in the flood plains.-*

These losses in environmental quality are difficult to translate into
monetary costs and few artempts have been made to estimate them 1n this
way. This means that they are routinely ignored by those who decide on
the policy for developing the Amazon. As a result, development projects.
programmes and strategics do not consider the full costs of the ensuing
environmental degradation, and hence fail to adequately compensate tor
them. Allocation of the region’s scarce natural resources is thus
automatically 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 Amazonian Forest Soil Converted to Pasture (Paragominas

Region, Para State)

Organic Cu’y
Sumple Matter Nitrogen pH Mg A" K
(%) (%) (a) (b) (b) (ppm)

Forest soil before clearing 2.79 0.16 4.4 1.47 1.8 23
1 yr of pasture 2.04 0.09 6.5 7.53 0.0 31
3 yrs of pasture 3.09 0.18 6.9 7.80 0.0 78
4 yrs of pasture 2.20 0.11 5.4 3.02 0.2 62
5 yrs of pasture 1.90 0.10 5.7 2.81 0.2 66
6 yrs of pasture 1.90 0.09 6.0 3.81 0.0 74
7 yrs of pasture 1.77 0.08 5.7 2.61 0.0 47

Nozov No additional application ot fertilizer of legumes to land
(a) (H.,l))
(b) (meq per 100 g)
Source: Enos Salati and "B Vose, " Amazon Basin: A system in equilibrium®, Science, Vol. 225 (1984), pp. 129-38.
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climate of Amazonia and its neighbouring regions. There is a danger tha;
as a whole, it may be pushed bevond the limits of its ecological tolerance
Such ecological destabilization would severely constrain any econom;.
activity in Amazonia and would also affect human welfare.

The threat of adverse climatic change in Amazonia arises from the
permanent loss of water from the region’s hydro.ogical cycle as defores
tation spreads.®” The increased water run-off and reduction in wate:
absorption and retention by the disturbed soil means not only less evapo-
transpiration because of the eradication of vegetation, but less wate:
stored in the soils as well. A 10-20 % reduction in the amount of recyvelec
water would be sufficient to cause major alterations to the entire
Amazonian ecosystem.?* As this system relies on the extra energy input o
frequent rainfall in order to recvcle vital nutrients, even relatively smal;
declines in precipitation could disrupt nutrient cvcles and cnergy flows
and cause fluctuations in surface temperature.?

The complex interdependence of Amazonian ecosvstems means tha
climatic change in one part of the Amazon will affect the stability of other
areas. For cxample, as half the rain falling in Central and Western
Amazonia is generated by water recycled from the Central and Easterr:
forests, deforestation in these arcas would decrease rainfall in the West
Climatic change and ecological destabilization in Amazonia may thereforc
occur long before the region is completely deforested - perhaps even
before 20 % of forest land is intensively altered,®

Disturbances in the local climate of the Amazon River Basin are likelv
to affect other South American regions. Although the South American
climate is largely determined by the general circulation of hemispheric
atmosphere and oceans, there is a degree of conunentality dependent on
the Amazonian climate and temperature. A net loss of water in Amazonia
could reduce precipitation in the Chaco Paraguavo and in Central Brazil,
shifting the climate towards increased continentality and affecting
agriculture in south-central Brazil and other South American regions. For
example, increased continentality could either extend the winter period or
induce lower wiater temperatures. This could result in the loss of valuable
export carnings from sugar, oranges, sova beans and coffee production
and cause major setbacks to Brazil's import-saving biomass fuc!
programme.

The etfect of Amazonian deforestation on the global climate is less
clear. As the Amazonian forests have a significant impact on the global
latent heat flux, in the carly 1970s Newell argued that their destruction
should have major repercussions on the general atmospheric circulation
on earth.’”* Essentially, this would involve the expansion of the albedo
cffect to a global level, as Amazonian deforestation would expose a large
portion of the ecarth's land surface, increasing the amount of solar
reflection and generally causing worldwide femperature fluctuations, The
second impact would be a major shift in hemispheric, and even global,
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rainfall patterns that could affect agricultural regions in North America
and Europe.

Deforestation in Amazonia may contribute significantly to the global
climauc 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 torest 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,;
content of the global atmosphere. Given that the 16 " increase in
atmospheric CO, since the last century may have alreadv caused some
global warming, the additional contribution trom Amazonian deforesta-
tion may be highly significant. Morcover, destroving the Amazonian
forests may also further the global greenhouse effect by releasing
important trace gases (c.g., methane, nitrous oxide, ctc.) into the
atmosphere.’’

Economic policy and the misuse of Amazonian resources

If the current pattern of economic development in Amazoniais leading to
these environmental effects, as well as to increased social contlicts among
smallholder squatters, larger commercial farmers, ranchers, and other
developers and indigenous pcoples, 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 vears official development strategy for the region
has been, except tor a brief interlude in the carly 1970s, almost
exclusively directed at the expansion of corporate forestry, agricultu-
ral and, more recently, mining interests virtually irrespective of any
negative social and cnvironmental side-effects.... Thus. the
increased level of state intervention in Amazonia has served to attract
cheap labour to the region 1to prepare the rainforest for agriculural
use by later incoming livestock and other iarmers, as well as to supply
temporary wage labour on estates) without allowing 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 zonc would include the
development of 238,000 ha of mechanized soyva beans, 12,600 ha of sugar
cane, 417,000 ha of cattle pasture, and “cnough rice to feed all of north-
east Brazil”. As a result, most of the money and land will go 1o large
landholders for mechanized agriculture, catte ranching and even silvicul-
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ture: thev will also receive the bulk of rural credit and an infrastructur,
armed at facilitating the export ot agricultural products, and the import o
tarm machinery and other inputs.

Throughout the Brazilian Amazon, deliberate measures to promot.
this kind of economic development are estimated to have accounted for a:
least 35 v of all the forest area altered by 1980. Such policies include:

IR

1) private capital investment in the Amazon region through tay
Incentives;
i) agricultural production through rural credits:
i small-farmer settlement in the Amazon region through directed
and semi-directed colonization: wms
iv) exports of Brazilian products through export subsidies. *

Over the past two decades, the Superintendency for the Developmen:
of the Amazon (SUDAM, along with its sister organization Fundo de
Investimento da Amazonia (FINAM), has been responsible for establish-
ing incentive programmes for attracting private investment to the
Brazilian Amazon. Over the period 1965 to 1983, direct tax credit
subsidies worth U.S.3 1.4 billion were granted to 808 existing and new
private investment projects. Of these, around 35 % went to 59 industrial
woad producers (mainly saw mills), and over 42 % went to 469 livestock
projects (virtually all beef cattle production). Other tax incentives
administered by SUDAM included tax holidays and deductions for
operating losses.'” Such tax breaks have clearly accelerated deforestation
by subsidizing both the initial project development and the on-going
operations of cattl. “anchers, as well as the forest-products industry in
Amazonia.

The carttle projects subsidized by SUDAM arc estimated 1o have
caused over 26 % of all forest-cover alteration from 1972 to0 1980. Not onlv
have SUDAM-financed livestock projects enjoyed generous long-term
financing but, at 49,500 ha, the average size of the projects is substantialls
larger than the average non-SUDAM ones (9,300 ha). Thus SUDAM
projects not only have a greater financia) capacity to clear forest, but they
also cover larger arcas. Yer because SUDAM tax-credit funds arc not
allocated for maintenance, rauch clearing is not to increase the total net
area in actual production but to replace already degraded fields. Perhaps
20-25 % of the forest area of the Legal Amazon that has been cleared for
pasture 1s economically inactive,

Without such generous subsidies, it is doubtful whether large-scale
ranching 1n Amazonia would be cconomically viable. In fact, recent
findings suggest that such projects are increasingly plagued by a low rate
of implementation and with a high abandonment of pasture, attributed to
the following economic factors:

1) Without anv real appreciation of the land, no form of traditional
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ranching has a positive real rate of return in the Eastern Amazon -
unless of course they receive the SUDAM incentives.

if) Without over-grazing, real land values must appreciate at the rate
of 30 % betore the investments become cconomically viable.

it) Even with improved pasture technologies, a real appreciation off
land of between 15 and 30 " a vear 1 required to make the rate of
return to overall investment resources positive.

iv) Investors can maximize their private returns bv overgrazing.
They cannot improve their returns bv mvesung in pasture
improvement. "

The financial analvsis ot a tvpical SUDAM-tinanced ranch reveals that
the discounted present value of net returns to the investor is USS 1.87
million, nearly 2.5 umes the mvestment outlay. 1f all subsidies were
removed, however. the proiect would produce a net 10ss to the investor ol
US$ 0.65 million.

Since 1970, the Brazilian government has subsidized directed and
semi-ditected programmes for small-farmer settlement in Amazonia. In
general, this approach has been portrayed as a politically more acceptable
option than the reform of traditional agricultural lands elsewhere in
Brazil. While there are substantial differences in subsidy rates among
such programmes - for example, a directed programme might spend US$
13,000 per tamily in direct benefits compared to US$ 3,900 per tamily in
a semi-directed programme - there appears to be a positive correlation
between the consumption of subsidized financing and the area of forest
cleared. Morcover, the impact on reducing rural population pressure in
the rest of Brazil has been largelv superticial: the two largest programmes
are in Rondonia where, by 1980, only 48,117 families had been given
cither permanent or temporary land titles. Yet these two programmes
were responsible for an estimated 6.6 7 of the forest arca altered in the
Legal Amazon. v

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

For example, a claimant who lives on an arca of land has first preference
to title for three times the area which he or she has cleared. This right is
obtained if the claimant has used and lived on unclaimed public land for
more than five years or has squarted on private land for a sufficiently long
ttme 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 “frec” land for
Squarting. Only corporations and large ranchers have the capital to build



132 Economics. Natural-Resource Scarciy and Deveiopmen:

their own access roads into the forest, whereas squatters neea to stick clo-
to public roads i order to reach health, education and markeur,
facilities. So not only do the rules of land allocation encourage rap;
deforestation by ranrhers, as the tinal amount of jand given legal title jy
multiple of the area of forest converteq to pasture, but clearing land aj.
provides protection against squatters. This “first come 1nrst served
tithing also ensures a rush 1o claim large tracts of land: plots ot up t0 3,00
ha are not uncommon. An unintended result of such land allocatio
procedures 1s that squatters are more likely to invade small forest reserve
which the forest service is finding increasingly difficult to guard.

Similarly, as the land tax can be legally reduced by a 1actor of upt
90 % by converting unused forest land for a more productive “use™, a arr
containing forests 15 therefore taxed at a higher rate than one containin,
only pastures or cropiand, Conscauently, the land-tax svstem provides m
incentive to larger farms which are hable for the progressive tax to conver
their forests.

As agriculture is virtually exempt from Brazil's income tax laws, thes
laws provide additional incentive for land acquisition in Amazonia by
wealthy individuals and corporations - in addition to the already higl
demand for land as a hedge against inflation and risky financial markets
However, because smal! fa-mers or other poor individuals do not benefi-
from this tax break but do have to face the higher land prices that resul:
from i, they arc increasingly  squeezed out of the land markets
Consequently, those without land have to resort to squatting on the
Amazonian tronuer, and those who do own fand are tempted to sell out to
larger landowners. As a result, the income tay

i) tends to mcrease the demand for land in Amazonia, to speed up
conversion of land for agricultural uses, and to raise the price ol
land;

i) tends to increase inequality in land ownership holdings: und

iii) increases the pace of migration of poor people to the trontier arca-
in search of land,*

SUMMARY AND CONCL USION

How soon, if ever, are we likely 1o see an ecological collapsc in the
Amazon? This is, of course, extremely difficult to predict. At current rate:
of deforestation. it may take 165 to 190 vears before the remaining 3.8
million km- of Amazonian forest js completely altered or deforested. This
cannot be considered a reljable estimate given the geographical concentra-
tion of deforestation - which has meant some arcas experiencing an
exponential growth in the rate of deforestation - and the unpredictable
economic and socia) forces underlying Amazonian exploitation.
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More alarming, however, is the prospect that anv major environmental
breakdown affecting Amazonia as a whole may be preceded by a series of
severe, small-scale ecological disruptions in the heavily deforested arcas.
“The consequence will be that total annual rainfall will decrcase
considerably when a certain percentage of Amazon forest has been
destroyed, and the seasonality of rainfall will become more pro-
nounced.”*’ Given that, at current rates of deforestation, another 15 % of
the Amazonian forest will have disappeared within the next 25 vears, the
eoological 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 of defores-
taton and forest degradation. The two major sources of Amazonian
deforestation - cattle ranching and small-farmer sertlement - can be
traced to direct government subsidy programmes. The same can be said
for the new phasc 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 developmeants at the expense of small-scale
ownership. It is these complex economic and social roots that need to he
tackled if the resulting short- and long-term scarcity effects are to be
avoided.

THE GLOBAL GREENHOUSE EFFECT*

The deforestation of Amazonia may mvolve irrevocable disruptions that
could well be catastrophic to the local ccosystem and perhaps to manv
interregional ccosystems, but not necessarily to the entire global bio-
sphere. Ini contrast, this section focuses on what may be a globally
cauastrepaic ccological disturbance - the so-cailed *“‘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 carth’s temperature to risc.

Most scientists seem to agree that, of the total annual emission rate of
3.5 to 7.0 billion (giga) tonnes of carbon, fossil fuels are the major source
- accounting for approximately 5 to 5.2 gigatons.*” 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 accountung for 0.3 to 1.3 giga-
fonnes 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. **

Asaresult, atmospheric CO, concentration has increased exponentiallv
from the pre-industrial level of about 280 parts per million by volumc
(PPmv) circa 1750, to about 315 ppmv in 1958, and about 346 ppmv in
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1985. An upper estimate suggests that the CO, concentratio:. might b
double the pre-industrial level by the middle of the next centu: . wherea.
a lower estimate implies that this will not occur until after 210v.

Recent evidence SUggests that the increased emission of trace gases wi|]
significantly add to any CO, greenhouse effect. Although their contriby.
tion is still relatvely small, the atmospheric trace gases that current|y have
the largest radiative efiects are methane +CH,;, nitrous oxide (N.0,.
tropospheric ozone (O,) and the chloroflurocarbons : CFCs ). Emussions or
CH, and N,0 are clearly linked to the growth of human populations ang
agricultural development, whereas the emussions of CFCs (as well as O
are largely a by-product of certain industrial processes and products. A
a result of increases in these economic acuvites, the atmospheric
concentrauons of these trace gases are expected to increase quickly. Thus
within the next 50 vears, the radiative effect of the trace gases mav exceed
thatof the increasing CO, concentration, CFCs, in particular, will have an
increasingly important impact (second only to CO,, on the greenhouse
cffect.+

By including the warming effect of trace gases. the cquivalent o
doubling in CO, could occur as carly as 2030. By then, most estumates
suggest that we could experience an actual increase in present tempera-
tures of between 1.0 t0 2.1°C, and because the thermal inertia of the ocean
delays the full warming effect, we could be subject to an eventual increase
in temperatures of 1.5 o J.10C s

The greenhouse effect and climatic change: Two scenarios

Any global warming resulting from the greenhouse effect will probably be
uneven, with an increase of only 0.5- [9C at the equator, 2-3¢ at temperate
latitudes, and as much as 4-7°C in the polar regions.*! The result of such
adistribution mav be to shift climatic zones and rainfall patterns. Changes
in the scasonal distribution of precipitation within regions could also be
significant.>? The polar regions could experience the gscatest changes in
the long run, and there is the posstbility that the polar ice-caps mav melt
sufficiently to raise world sea levels. It is worth distinguishing two
potential scenarios: the most likely scenario in the short term, of changes
In regional precipitation and climatic zones; and a more dramatic long-
term scenario of a global sea-level rise.

Table 6.2 shows that, as a result of global warming, the most extreme
temperature changes would probably occur during winter in the high
latitudes of the northern hemisphere. In contrast, temperature changes in
the lower latitudes will probably be less drastic and less scasonallv
variable. Although forecasting regional precipitation is full of uncertain-
ties, the most likelv outcome is increased winter precipitation in the high
latitudes, intensified rains in the low latitudes - except in semi-arid
regions - and a decrease in summer rainfall in the mid-latitudes.
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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 ol oceans, possibly
aggravated by changes in land ice. The sea level has probably already risen
7 1o 17 cm during the twentieth century, although 1t is not possible to
attribute this solely ) the greenhouse eftect. On the basis of these
observed changes, 1tis assumed that the predicted global warming ot 1.5
to 5.5°C would lead to a sea-level rise of 20 to 163 c..i. The “best guess”™
for sca level rise by the vear 2030 1 20-40 cm: however. the rise could
conceivably be as much as 1.5 meters. ™

In an extremely pessimistic scenario, any rise in temperature of 2-3°C
due to an increase in atmospheric carbon dioxide to 600 ppmv or more.
may causc the polar ice caps to melt sutficiently to raise the sea level of the
major oceans by 5 m or more.’* However, disintegrauon of the West
Antarctic Ice Sheet is not thought to be imminent and. if it were to
happen, would take at least a century. Yet some disintegrauon of the West
Antartic Ice Sheet has been observed: along a 1,200-km 1ce front on the
Sheet, some 500 cubic km of ice are being deposited cach vear into the sca
in the form of huge iceberg... This could result in a rise in the sea level of
1.5 mm per vear, which has in fact been observed bv indepeadent studies
of global tidal patterns.™ These recent trends are inconclusive. and
further rescarch is required before a reliable assessment of the possibility
and timing of this scenario can be made.*’

Short-term effects: Agricultural and ccological disruption

The most likely impact of any global warming in the near future will be
on world rainfall distribution. As rainfall patterns change, climatic zones
will shift and the carth’s principal arcas 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:

1) 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.



136 Economics, Natural- Resource Scarcuy and Developmen;

.
Table 6.2: Regional Scenarios for Climate Change
Regron Temperature chanpe Ramfall
as a multiple of plopal arerzes Change
Summer Winter
High latitudes 0.5x - 0.7x 2.0% - 24> Enhanced in
(60-90 deg- winter
Mid fautudes 0.8x - [,0x 1.2x - ] 4x Possibiv
130-60 deg) reduced 1n
summer
Low lattudes 0.9x -~ 0.7x 0.9x - 0.7x Enhanced in

places with
heavy ramniall
today

Source: Jill Tacper, “The development ot an awareness of 4 need to respond to chimar - < hange .
Expert Group ¢ Chimate Change and Sea Level Rise (Bener Insutute and Commonweaith
Secretaniar: London, 19-20 Mav 988, Table 1.

Bryson estimated that the 0.1°C rise in global mean temperatures
between 1937 and 1970 (due 10 1 2reased atmospheric CO,) should have
led t0 an 86-mm decrease in annual rainfall levels in the Sahel of West
Africa. In fact, the actual decrease in the Sahel over this pertod was Y6
mm.™ Similarly, Glantz and Ausubel have argued that if’ atmospheric
CO, accumulation increases the trequency, duraton and severiy of
droughts in the Great Plans of the LS., more rapid depletion of water
contained in the Ogallala Aquifer - the underground geological formation
of water-bearing porous rocks - would occur. The Aquifer's reserves
currently serve cight Western states, Depletion of these rescrves could
have serious consequences for agricultural production in the Great IPlains.
one of the world’s major food-exporting regions.

Table 6.3 summarizes the alterations in some of the world’s major river
systems that global warming has caused. All those aftected, listed in Table
6.3, form the basis of highly productive irrigated agricultural svstems.
Changes could occur in the flows or storage capacttics of these rivers.
There could be less surface and underground flow, or more trequent
flooding both of which would be disastrous for irrigated agriculture. In
many countries. these svstems have been intensively developed in
correspondence with the precise seasonal variations of delta flooding and
run-off. Changes n scasonal flows would mean severe disruptions in
cultivation. Morcover. many river systems do not have adequate water
control and management facilities to cope with anv variations in flooding
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Table 6.3: Major River Svstems Affected by Carbon-Dioxide Induced
Climatic Change

A. Rivers Experiencing Decreases in Flows

River Svstem Location

Hwang Ho China

Amu Darva Soviet Union

Avr Darva Sovier Union
Tigris-Euphrates Turkev. Svria, Irag
Zambezi Zimbabwe, Zambia
Sao Francisco Brazii

B. Rivers Experiencing Some Flow and Storage Loss

Rrver Svstem Locanon

Congo Central Africa

Rhone Western Europe

Po Western Europe
Danube Eastern Europe
Yangtze China

Rio Grande United States. Mexico

C. Rivers Expericncing Increases in Fiov:s

River Svstem Location
Niger Africa
Chari Africa
Senegal Africa
Volta Africa
Blue Nile Africa
Mekong Indechina
Brahmaputra South Asia

Source: Roger Revelle. **Carbon dioxnde and world ciimate.” Scrennfie American, Vol 247 711982
pp. 753-9

or underground storage. For example, 1 the lowlands of the humid
tropics, the result could be destructive floodin in the vast delra networks
of Thailand, Laos, Cambodia. Vietnam. India, China and Bangladesh.
A more detailed analsis of the impact of temperature rises on the river
Svstems of the semi-arid Western and mid-Western states in the US
Suggests that only modest changes i temperatures are necessary for
severe agricultural disruptions to occur. For cxample, a 2'C warming
combined with a 10 " decrease in precipitation would cause surtace run-
off into rivers to decline by between 40 and 76 ™. For the Rio Grande.
Colorado and Missouri Rivers in particular, the resutt could mean water
requirements exceeding supplies by 20 to 270 % /! In the region of the
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el
Colorado River. such a climate change would be parucularly severe,
Currently in 2z arca. 85 of the raintall evaporates and onlv 15" (ag
run-otf} feeds the Colorado River. Even this Hlow has to be backed up by
large volume- o1 reservoir water in order to meet the present agricultura)
demands of tze region.™ As noted above, however. the region’s main
reservorr sour.e - the Ogallala Aquiter - cannot be expected 1o sustain any
long-term increase in demand.

With the possible exception of semi-arid irrigated agriculture in the
Western and mid-Western US. the overall impact ot giobal warming on
temperate agricuiture in the nud-latitudes of the northern hemisphere is
unclear. For vxample, many crops osuch as rice, wheat. alfalta, naize,
SUgar cane ans sorghumy sutlter productivity losses due to a decrease in
rainfall and ar. increase in evaporation: this problem mav be alleviated by
the increased chotosvnthesis and improved water eficiency of plants that
can result from raised CO, leveis." At higher northern latitudes, rising
temperatures may icad to a longer growing scason and s0 to the possible
expansion ot rain-ted arcas. In the lower latirde zone of the 30 to 60'N
band, agricuiture might be adversely aftected because of the increased
evapo-transpiration.”

[tis clear tnat farmers in the mid-latitudes of the northern hemisphere
will have to respond to anv greenhouse effecr by modifving seed varictics
and cultvauor methods, changing crops, and moving agricultural
operations away trom the worst affected areas, As Oram has pointed out,
this in itself mav cause signiticant declines in productivity: tirst. because
itis by no mears certain that a rise in temperature would enable large new
areas of land ar higher latitudes 10 be brought into cultivation - land at
higher latitudes 1s at the margin ot cultivation and often of very low
tertility, with iow pH and anacrobic conditions due to low drainage: and
second!y, as modern agriculture has become more sopnisticated, there has
beer a trend away from trving 10 breed for wide adaptability toward
tailoring varicties to favourable agro-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 ppmyv by the vear 2500, may be to increase vields of well-tended
crops by 5 7. the accompanying 1"C rise in temperature and 5-10
decrease in preciprtation may actually produce a negative net effect on
agricultural production.” Qther crop mmpact analvses also show that
warmer average temperatures are detrimental to both wheat and maize
vields in the mid-latitude regions of North America and Western Europe.
Given current technology and crop varieties, a sudden warming ot 2°C
with no change in precipitation might reduce average vields by3to I77."

The sensiuvity of the maiginal agricultural lands in the developing
world to climatic change is of the greatest concern. How a global warming
might interact with the increasing desertification of both rain-fed
croplands 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-ted croplands (30 ¢ of their
dryland total) are severely or very severely descrtified. 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 etfect. By the vear
2000, desertification is expected to have accelerated greatly in the
rangelands of Andean South America, 1n Africa south of the Sudano-
Sahel region, and, to a lesser extent. in the Sudano-Sahel region and parts
of South Asia. For rin-1id croplands, desertification is accelerating in
tropical Africa, South Asia and South America.”

Any worldwide 1mpacts on agniculture and human welfare from u
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 tor food with emphasis on cereals for food and
feed, and on the major consuming and exporting countries.™ The two kev
groups to look at would be the major Northern tood-exporting countries
and the low-income, food-deficit developing countries. Clearly, the
ability to adapt agricuiwuse w changing climatic and cnvironmental
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 countrics, especiallv the landless labourers, would be the
chief sufferers.”

Although the wealthier nations 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 infrastrucnire and
techniques, efficient marketing, credit and information systems and
eéxtensive water management and control svstems. It 15 1more likely,
therefore, that Northern nations will be able to meet most of their own
agricultural and food needs despite any adversc 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-
uons 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 scrious repercussions, however, may be on the export and
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distribution of world food and feed supplies, particularly cereals. Cereals
are the dominant crop in the global agricultural system, and wheat is the
major surplus food commodity both in world trade and aid. As shown in
Table 6.4, the majority of global cereals (including wheat) are produced in
the teinperate northern hemisphere. Given the surplus production in
some of these countries (e.g., the US, Canada and Western Europe), it is
not surprising that wheat has become a major feed crop in industrialized
countries, and the main fallback for much o1 the world in terms of reserve
stocks and contingency aid. Wheat and barley are also extremely
important staple crops in the developing countries of North Africa and the
Middle 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, countrics of this region are also heavily dependent on cereal
(mainly wheat) imports and food aid." Although many countries of the
lowland humid tropics - especially in Asia - are major producers of rice
and other crops, some of them may ceasc to be self-sufficient if their main
food crops (e.g. rice, Cassava, sweet potatoes and yams) are adversely
affected by a greater intensity of rainfall, tropical storms and flooding.
This suggests that during periods of global climatic instability, the failure
or unwillingness of the food -exporung northern hemisphere producers to
supply, at reasonable prices, the rest of the world with cereal imports or
aid may have important implications for global food securiry,

The food-sccurity needs of the very poor in all developing regions. and
the food-deficit low income countries in particular, are vulnerable 10 the
agricuitural shocks and stresses posed by climatic instability. Between
1980 and 2000, increased total food demand is projected to exceed the
growth of food output i all developing regions except Asia. This is
despite increases in per capita tood production in Latin America. North
Africa and the Middle East. Even though Latin America is expected to
have the highest food production per capita growth rare, demand is
projected to increase even more rapidly. With its fast population growth,
Sub-Saharan Africa’s food consumption is estimated to grow by 3.6 % a
vear, substantially outpacing the projected growth in food output. Per
capita food production in the region is expected fo 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 cxternal assistance, in order to meet domestic
consumption needs. The lack of food sccurity - defined as the access by
all people at all times 1o enough food for an active, healthy life - may
therefore increasingly arise from a lack of purchasing power on the part of
nations and huusciolds rather than rrom inadequate food supplies.” The
disturbing facts are that food security 1s alrcady worsening in many
developing countrics, despite higher per capita food production; despite
record levels of world food production and excess supplies, about ~30
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million people in developing countrics do not obtain enough erergy from
thetr dict to allow them to lead an acuve working life. About two-thirds
of the undernourished live in South Asia and a fifth in Sub-Saharan
Africa; tour-fifths iive in countries with very low average incomes. ™

Although all 635 jow-income food-deficit countries identified by the
Food and Agricultural Organization ot the United Nations FAO) are
potenually vuinerable to climatic mstability,”* those that have tajled 8
increase per capita rood production are especially at risk (sec Tali~ 6.5;.
Increasing food production in these countries is essential in order 1 meet
long-term food needs. as their extremely limited ability to purchase tood
imports is unlikelv to improven the near future. Morcover. data collected
up to 1982 suggest that adequate growth in domestic cereal production in
low-income 1ood-deticit countries and a healthy growth in export
carnings generally go together; both are important determinants of the
ability of a country to ensure food security.”™ Yet, most of the countries
listed in Table 6.5 have substantial agricultural lands in arid ar.: ~emi-arid
regions or at high altitudes - areas ar the greatest risk fron; a global
warming.

The cconomic impact of any greenhouse effect will most likely be in
terms of the rising costs of agricultural displacement and adaption in the
face of climatic instability, with potentially grave consequences for the
patiern and distribution of global food production and for food security in
many developing regions. As aresul, sustaining cven minimal nutritional
standards for millions of people in the Third World will require a
gencrous surplus ot world agricultural supplies to be made available
through food imports or aid. In recent vears. the demand for such a
surpius has been steadily rising - during the trequent drought crises it has
shot up.’

Any decline in production in Northern countrics may cither perpetuate
a global food shortage or raise food prices beyond levels that many low-
income importing countries can afford. In either situation, the ability of
millions to survive in the Third World would depend on the political will
of Northern countries to ration existing global supplies at lower prices and
to establish an international system of food security for the world’s
population. Northern countries would not only have to set aside more
economic resources 1or adjusting their agricultural svstems to the
changing global climare and envirorment, but would also have to be
willing to expend further resources to support a global food-security
system and to expand agricultural Investment in developing countries.
The alternative is to allow developing countrics to bear the brunt of the
costs of global warming.

Forests
Any impacts that climatic change had on the world’s major £cosvstems
would also affect human welfare, This may be particularly true for the
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Table 6.5: Low Income Food Deficit Countries with Low Food
Production Growth*

| Value added in - ‘ i
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(millons of 19801 (thousanas of  + Food and i cereals | production per capiy
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[ 1970 qosS - [974  I9RS 1 J9T4/TS J9N4/NS 1983-K5

|
Afrca !
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Notes: ¢ Low-income tood-deficit countries as defined by FAQ (19853, below
x = figures not available
Sources: FAQ. Commuttee on Commodity Problems. 55th Session, Intematronal Trage amd
World Food Securtv, Rome, 21-25 October 1985, and World Bank, World Development
Report 1987, Washington, D, 1987
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major forest systems which are so crucial in stabilizing regional climates,
For example, the boreal forests tound at higher northern latitudes across
the continents of Eurasia and North America are particularly vulnerable.
However, current evidence is tnconclusive. Some studies indicate that
rising temperatures might cause the boreal forests to be replaced either by
cool temperature forest or by steppes, depending on the accompanying
changes 1n precipitation. The generally warmer conditions at these high
latitudes could possibly lead to large reductions in the areal extent of
boreal forests and a shift toward the North Pole in their boundarics. In
contrast, a studv based on Iceiandic conditions CSUMAtes a net ierease n
the growth of boreal forest systems as the climate warms. ™ Nevertheless,
any major change in the boreal torests, whether a net growth or a decline,
will most probably affect the overall ccological balance of higher
Northern latitudes and lead to important feedback eftects between Jocal
climatic zones and vegetation cover.

For the mid-latitude temperate forests in the northern hemisphere, a
high rate of warming 0.8 10 | C, per decade will cause major 1mpacts
including large-scale forest dieback between 2000 and 2050. The result
would be that more and more production forests would need replanung
and increased management. The additional Costs may not be cconomically
worthwhile for formerly unmanaged torests.” Furthermore, there will be
1mpacts on recreational values 17 important national parks and wildlife
habitats are decimated.

There could also be dramatic impacts on the major tropical forests of
the world, such as the extensive Indonesian, Amazonian and Central
African tropical forest svstems. A tvpical rain forest system such as
Amazonia 1v dependent on oniv small vanations in average annual
temperatures (such as 3'C) and high annual raipgal] suchas 1,500 to 3.000
mm). Changes in these conditions would destabilize the umique climate
and nutrient-cycling svstems or tropical forests, and mav also afiect
neighbouring ecosystems and climarnc zones. As tropical deforestauon 1s
expected to increase over the coming decades. tropical forest svstems will
become even more vulnerable to any additonal climatic stress induced by
the greenhouse effect. Thus, not only will tropical deforestation contrib-
ute in a major wav to this grecnhouse effect but tropical forest themselves
may fall victim to anv resulting global warming.™

Long-term effects: sea level rise

Although the pessimistc scenario of the collapse of the West Antarcuc Ice
Sheet may not occur tor a cenury or two, if ever, the possibility of a rise
in global sca levels has been taken seriously by many scientists. Even
modest sea-level rise could have grave implications, particularly for low-
lving, 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 crosion, salt intrusion mto surface groundwater
systems and coastal ccosystems, 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 svstems, transportation svstems, and so
on. These effects can then be evaluated in terms of their ‘down-
stream’ tertiary impacts: on human health re.g., mortalitv and
morbidity), economic loss (¢.g., loss of agricultural production), loss
of valued environments (c.g.. recreational beach) and social disrup-
ton {c.{., from storm surge disasters). The evaluation of policies and
strategies to reduce the potental adverse etfects depends on impact
assessments which integrate these tirst, 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 castern coast of the US. A study of the Delaware
Estuary has shown that over the next 40 vears, an additional upstream
reservoir capacity of 136 million m’ will be required to protect
Philadelphia’s domestic water supply from salt-water intrusion.*’

In particular, low-lving, denselv populated countries - such as
Bangladesh and the Netherlands - will be atfected. In the Netherlands,
existing dikes and other protection against storm surges would have to be
reinforced at a cost of USS 3.1 to 8.8 billion for a 70- or 200-cm sca-level
rise respectivelv. In contrast. the densely populated and marnlv agricultu-
ral low-lying Ganges-Brahmaputra- Meghna River Delta in Bangladesh
has always been poorly protected from trequent tropical cvciones, storm
surges and tlooding. If rising sea levels increase the risks of storm SUrges
and intensified land degradation, the consequences could be disastrous:
the combination of sea-level rise and subsidence of the river svstem could
flood the Delta region and threaten anvwhere between 8 and 24 million
people.¥?

A rise of half a meter would also severely 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
shorelines. Other direct impacts include decreased tresh-water capacity
due to salt-water intrusion, greater exposure to salinizauon, and the
Increased risk of sca surge and storm damage. This would mean less land
available for food production, more cxtensive tood shortages, and a
greater risk of malnutrition and other health problems. The eventual
consequences for human populations would certainly be the movement of
settlements from coastlines, possibly with mass migrations from low to
high islands, to urban centres, and to conunental countries.*!
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The above evidence suggests that a major sea-level rise over the next
century, could entail the most significant change in global economic
systems and standards of living since the Industrial Revolution. Any shift
of coastal populations to the rematning land mass areas would lead 1o an
intensification or population densities. Increased population pressure
would in turn place greater stress on the people-nature balance of these
interior regions. and many areas ol praviousiv undisturbed ecosvstems
would be converted 1o replace lost areas of cultivation and industry. The
resuluny stress on the biosphere mav be unsustainable. Many regions,
particularly the most overpopulated ones, could suffer from severe
drought, tamine and shortages of essenual raw materials. The net global
impact mayv be a drastic lowering ol standards of living, physical well-
being and even substantial loss of life.

On the other hand, if the rise in sealevel s a more gradual process that
takes over a century to happen, and one thar s carefully monitored and
accurately forecast, then some of the onsequences could be avoided by
constructing extensive dikes and water control systems, and by moving
populations and economic activities to unaffected areas. Nevertheless,
this would still involve major global cconomic and political co-operation,
at significant costs. As always, weaithier nations with better resource
endowments - especually fertile land available further inland and/or above
sea level - will be tempted to ‘look after their own' rather than to assist less
fortunate regions. For all nations, careful monitoring of the sea-level rise
- particularly the process of ice-cap disintegration - would at least help
the necessary planning cffort and reduce some of the cconomic costs and
social burdens of anvy future catastrophes.

Appropriate policy responses

In considering appropriate policy responses to global warming, it is
necessary to keep in mind two additional aspects of the problem: the
enpredictable discontinutiv of climaric changes and the wav in which they
mnagnity the hikelihood of so-caljed “natural” disasters. For example,
commenting on the greenhouse effect, Broecker makes the case that
changes in the carth’s climate are more fikely to be sudden than gradual:

Earth’s climate does not respond to forcing in a smooth and gradual
way. Rather, it responds in sharp jumps which involve large-scale
reorganization of Earth’s svstem, If thys reading of the natural record
Is correct. then we must consider the possibility that the main
responses of the svstem to our provocation of the atmosphere will
come in jumps whose tming and magnitude are unpredictable.
Coping with this tvpe of change 16 clearly a far more serious matter
than coping with a gradual warming,.**

Similarlv. “in terms of environmental and socio-ec slomic impacts, the
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slow changes in mean climate or sca level may often be manitested as large
changes in the risks of extreme events.” For example, “threats trom
future sea level rise and salt water intrusion are linked to cxtreme drought
occurrence, since existing water resource supply svstems are. based on
past experience, already adjusted to only comparatively moderate
fluctuations in precipitation and resulwant 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-oft is between doing nothing
now - which obviously involves smaller current costs but obviously mav
incur greater futurc ~osts in terms of reducing vulnerability and
medifving 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 a global warming; a full assessment of the costs
and benefits of cach option 1s not vet possible. Nevertheless. several points
crucial to this analysis are worth highlighting:

1) There is clearlv a cearting cost for doing nothing; the best guess 1s that
we are already committed to some global warming in the near
future (¢.g., 1.5 10 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 1s this waiting cost
and how fast s it growing over ume?

i) As Figure 6.3 shows, there is also u Augh cost attached 1o the surprisc
of an extreme event suddenly occurring. Both the unpredictability
surrounding the impacts of the greenhouse ctfect and the tendency
of these impacts to increase the risk of extreme events suggests that
we should be caretul not to underestimate the probability of a
surprise occurring or to make inflexible assumptions concerning
the timing of these events.

i) As a result, conventional discounting assumptions mav need (o be
modified in analysing the policy responses to the greenhouse eftect.
For example, using a positive discount rate in project or policy
analysis virtually chiminates the net present value of effects
occurring 30 or more vears in the future. The policy analvsis must
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Figure 6.2: Schematic Diagram of the Greenhouse Effect, Impacts
and Policy Responses

Source: RA Warrick, P.DD. Jones and J.E. Russell, "

The greenhouse ettect. chimatic change and

sea level: Anoverview ", Expert Group on Chimauc Change and Sea Level Rise (Commonwealth
Sccretariat. London, 19-20 Mav [988), Figure |
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Figure 6.3: Relative Costs of Four Differc~« Types of Effort
Undertaken in Three Different Strategies for Responding to Climate

Change
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cmphasize that the costs of limitation and of anucipatory adaptation can be monetized Forced
adaptation. however. would nvolve both moncuzed costs (¢ &2, costs of rebuilding a tiooded
village) and unmonetized costs rc.g., loss of human hie. environmental damage . Residual costs
will be almost entirelv 1amoneuzed

Source; il Jaeger. “The development o1 an awareness of a need 2o respond to chimatic change
Expert Group on Climaue Change and Sea Level Rise Bener Institute and Commonwealth
Secretznat. London, 19-20 May 19848, Freure -

not always be biased by such a standard result and automaticallv
reject options that involve future costs and benefits. Rather, in
addition to using sensitivity analvsis with different discount rats
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 mamntaining the ‘ustamubllxt\ of
economic activities and essential natural resources

iv) The analvst of policy options will need to be aware of both
monenzed and unmonetized cos'z, and not to be automatcally biased
to consider the former alone. For example, in Figure 6.3, the costs
of limitation and anticipatory adaption can be monctized. I‘orccd
adaptation, however, would involve both monetized costs te.g., the
costofrcbunldmg aflooced village) and costs that are more dlff'c.ull
to monctize (c.g., environmental damage, human mortality and
detrimental effects on health). Residual costs will also be extremelyv
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_ -
difficult to moncuze. A fair assessment of the trade-offs among
policy options will theretore require a thorough analysis of both
monctized costs and those that are Jess casily monetized.

The purpose of such an analysis should be to determine whether it js
worth investing todav in a number of important anucipatory, adaptive
and preventive measures for controlling a global warming and limiting the
impacts o its effects.

Important uduptize measures would include:

i the development of a global food-security system while Northern

countries are still able to generate an agricultural surplus at

relazively low costs:

the provision or additional financial assistance 1o developing

countries, especially those in semi-arid and flood-prone regions, tc

help them establish 4 self-supporting agricultural infrastructure,

appropriate techniques aad improved water management and

control;

iii) the allocation of development funds in Third World countries
to cxpanding foud production and sustainable agricultural
development:

Il

iv) a greater international effort to halt the trend of accelerating global
desertification; und
Vi a commitment to humane methods of curbing population growth

where it inhibits development.

To some exten, these adaptive measures would lessen the more severe
impacts of the ecconomic and environmental disruptions of human welfare
which would dccompany any global greenhouse eftect. They would also
involve cconomic costs that would necessitate the diversion of resources
from other economic activities, On the other hand, some of these options
(such as the commitment to sustainable agriculwral development in the
Third World; have long been advocated in their own right; the
greenhouse effect just adds force to the arguments n their favour.

The total economic costs of all tacse options are just one estimate of the
conscquences that climatic instnbility and change would mean for human
welfare. The alternauve (o paying these costs may be to tace the full brunt
of these consequences.

Preventive measures would essentially involve:

b reducing tossil-fuel burning, parucularly through the development
of non-fossil fucl energv-source, through improvements in the
efficiency or exizacting useful energy from fossil fuels, and in
poliution control;

it) reducing the emissions of trace gases from other anthropogenic
sources;

iii) developing technological processes to “scrub”, recover and recvcle
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the carbon and other trace residuals emitted after fossil fuels are
burned.

iv) halung unnccessary tropical deforestation through alternative
development strategies and incentives; and

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

To make any major impact on reducing carbon and trace-gas emissions as
soon as possible would again mean rapidly instigating these measures by
diverting resources frem economic activity, with possibly some sacrifice
in short-term ecziiomic growth. This may not necessarilv be the case,
however, for measures that iraprove the efficiency of fossil-fucl consump-
tion and thus simultancouslv allow overall savings in energy costs.

The effective implementation of these preventive measures will
eventually require their acceptance by developing countrics, whose
consumption of fossil fuels is continually increasing. However, these
countries cannot be expected to invest in such measures without
assistance from more advanced industrialized nations, cither 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 directly
influence costs, one cannot expect developing countries to go it alone in
implementing such preventive measures. Indeed, without a substantial
commitment to adopting such measures in their own countries, advanced
industrialized nations have little moral authority in persuading the
developing and newly industrializing countries to adopt them. On the
positive side, these same preventive investments are being linked to
controlling other global and transnational problems (such as acid rain and
the impacts of CFCs on the ozone laver) which are influencing public
opinion and policymakers in advanced industrialized countrics.

Such problems are vital and plagued with uncertainties over the extent
of climatic change and rises in sea level, and over the sustainability of our
current pattern of global cconomic activity. This means that there is
usually a rudimentary call for further research. In the case of the
greenhouse effect, the need for research is absolute and, fortunately,
research in this field is growing. The next and most urgent step, however,
Is more rigorous analysis of the policy options currently available. This, in
turn, requires the continuation of three major thrusts of international co-
operation in future rescarch. The first is the monitoring of climatic
changes, ocean and atmospheric circutations, biogeochemical and other
ecological processes, and changes in the sea level and ice caps. The second
1s research into and the development of warning svstems for predicting
sudden disasters from climatic and sea-level changes. The third is the
analysis of the costs and bencefits of both the impacts of global warming
and the adaptive and preventive measures necessary o 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 naturul-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 manv of the environmental
functions essential to economic activity and human welfare. Eventually,
the disruption of the crucial hydrological, nutrient and energy cvcles that
Iink the integrated Amazonian ccosvstem 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
ccological stress could significantly affect world agricultural production
and distribution, as well as disrupt major terrestrial ecosystems. In the
long run, sca levels might rise - with devastating consequences for island
countries and low-lving regiuns.

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

In short, cconomic analysis has quite a lot to sav about the tvpe of
scarcity effects depicted by the alternative view - once it is recognized that
such cffects are real phenomena and truly constitute an economic
problem. Amazonian deforestation and the global greenhouse effect are
just two examples of the increasing number of environmental degradation
problems that econormics 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 afforded by this view in order to establish the appropriatc
policy responses anc strategics.

NOTES

I. Norman Mvers, Conservanon of Troptcal Most Forests (National Academy of
Sciences: Washington, DC. 1980), detines tropical torests as “forests that occur in
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arcas that have a mean annual temperature o at feast 75 degrees Fahrenheit and are
essentially frost-free - in areas receiving 2,000 mm or mor. of raintall rer vear and not
less than 100 mm of rainfall in anv one month for two ou. of three vears. Thev arc
mainly, if not entirely, evergreen.” Norman Mvers. The rimary Source: Tropreul
Rain Forests and Our Future (W.W. Norton: New York, 1€84), notes that all tropical
forests are commoniy called “*rain forests”. However, he suggeas thit true rai forests
are only those tropical forests that recerve at least 4.000 mm of rain annually and at
least 200 mm in 10 months of the vear. The more appropriate term tor most tropical
forests is “‘tropical moist forest’".

. See David W. Pearce and Norman Mvers. “Economuc values and the environment ol

Amazonia” in David Goodman and Anthonv Hall iedsi, The Future of Amazont.
Destrucuon or Sustainable Developments « Macmillan: London), forthcoming: Enos
Salau and P.B. Vose, "“Amazon basin: A svstem in cequihbrium™. Scrence, Vol, 223
(1984), pp. 129-38; and Daniel Vidart, **Amazon roulette: Destruction or develop-
ment” in IDRC Reporis, Vol. 10 (1981, pp. 10-11. The “Legal Amazon™ remon of
Brazil includes the countrv’s traditional **Northern Region™ plus Mato Grasso and
parts of Goias and Martanhao States. It comprises an area of around 5 million km-,
oraround 57 % of the country. In 1980, the tropical forest zone was almost 3.7 million
km?, or about 67 ™ of the Legal Amazon. Moist forest proper covered almost 2.9
million km‘, or about 57%. There arc another 1.3 million km: of tropical forests
located in Amazonian regions outside of Brazil. Venezuela has 0.31 mullion km?,
Colombia 0.27 miltion km*, Ecuador 85.000 km- and Peru 0.6 million km-. This
makes a total Amazonian torest area of about 4.2 million km:. See Pearce and Mvers,
op. cit.

. Myers, The PPrimary Source. op. cit., p. 280.
. Salati and Vose, op. cnt., p. 129.
- Catherine Caufield, Tropical Moist Forests: The Resource, the Peopie, the Threat

(Earthscan: London, 1982); and Darrell Addison Posev, " Indigenous management of
tropical forest ecosvstems: The case of the Kayapo Indians of the Brazilian Amazon",
Agroforestrv Svstems, Voi. 311985, pp. 139-58.

- Caufield, op. at; Philip M. Fearnside. “Agnicultural plans tor Brazil's Grande

Carajas Programme: Lost opportunity tor sustainable Jocal development>”. Worid
Development, Vol. 14(1986), pp. 385-409; Anthony Hall, ** Agrarian ciisis in Brazilian
Amazonta: The Grande Carajas Programme™, Journai of Development Studies. Vol, 24
(1987), pp. 522-51; and C. Padoch, J. Chota Inuma, W. De Jong and 1. Unruh.
“Amazonian agroforestry; A market-ortented svstemn Peru”, Agratorestr Svstems,
Vol. 3 (1985), pp. 47-56.

- Christopher J. Barrow, “*Development of the Brazihan Amazon”, Muzingira, Vol. 3

f1981), pp. 36-471: Hall, op. cit., and Pearce and Muvers. op. ait.

. Deforestation and Development, a newsletter for environmental and deveiopment

organizations ( European Economic Bureau: Brussels. 1982); Norman Mvers, *The
present and future prospects of tropical moist forests”, Fnrtronmental Conservation,
Vol. 7(1980), pp. 101-14.

- For example, although attempts have been made to develop comimercial brazil-nut

plantations, many pilot prosects have failed because the trees are polhinated bv one
species of bee that, in turn, requires other tree spectes lor teeding when the nut trees
are not flowering. Morcover. as the trees depend for germination on a particular
species ol rodent that chews and soltens the seed coat of the nut, cithar vrazil-nut
reserves need to be large enough to support a breeding population ot this rodent ¢ -
the sced coat has to be softened artificially. See Caufield, op. cit.

. Myers, “The present and furure prospects’, op. cit.; Pearce and Mvers, op. cit.: and

Deforestation and Developmen, op. cit.

. John O. Browder, Subsidics. Deforestation, and the Forest Sector m the Brazilun

Amazon (A Report to the World Resources Insttute: Washington. DC. December,
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13.
14

15.
16.

17.
18.
19.

20.

21,

22

24,

to
I

19853 and Philip M. Fearnside. “Spatal concentration of detorestauion in the
Brazihan Amazon®, Ambio. Vol. 1511986, pp. 74-81. See note 2 for the defimition of
Brazil's **Legal Amazon” region.

. Pearce and Myers, op. cit. and Salau and Vosc, op. cit. Pearce and Muvers, op. cit.,

esumate the amount of deforestation in Non-Brazilian Amazona to be; 19,000 km:
{7%) of Colombian Amazoma: almost 73,000 km* i 12 ") of Peruvian Amazonia: 7,000
km-< (8 ") of Ecuadorian Amazonta and 14,000 km: 14 ") of Venezuclan Amazonia.
The authors note that the comparatvelv low rate of deforestation in Venezuela s most
likely due to the country’s o1l revenues. which reduce the incentive to maximize
revenucs trom forest exploitation.

Fearnside. “'Spaual concentration™. ap. cit.

See IFood and Agnicultural Organizatnon (FAQ ), Tropical Forest Resources A ssessment
Prorect (FAO/UNEP: Rome, 1982%: Fearnside, **Spatal concentration'', op. cit.: and
Mvers (1980, 1980b and 1984). The extent and rate of detorestation and degradation
i thesz nuclet of intense acuvity can be dramaucally illustrated by the case of
Rondonia in Brazil (see Pearce and Mvers, op. cit.). It is a vast State of 244,000 km?,
and in 1975 only 1,200 km- of forests had been cleared. From 1975 to 1986, however,
colonial settlement and other ¢conemic activittes had increased the population by
almost ten-fold from | 11,000 to over one million. Thus, by 1987 a total of at least
147.000 k- of forest had been either degraded or deforested ~ roughly 60 5 of the
State. I{ this exponenual rate of destruction continues, the entire forest of Rondonia
would disappear by the vear 2000.

Browder. op. cit., p. 21 Caufield, op. cit.; FAO, op. cit.; and Myvers, op. cit.
Robert Repetto, The Forests for the Trees? Gavernment Policies cnd the Misuse of Forest
Resources (World Resources Institute: Washington DC, 1988), pp. 74-5.

Pearce and Myers, op. cit.

Vidart, op. cir.

Repetto, op. cit.. p. 74. For example, wood products account for more than a quarter
of industrial output in four of the region’s six states, exceeding 60 % in Rondonia and
Roraima, but the entire Brazilian wood industry. of which the Amazonian contribu-
uon 1s relatively small. accounted tor only 12.9 % of industrial output and 4.9 ™ of
foreign-exchange earmngs in 1980,

G:.]. Dowling, “Growing goodwill in Brazil”, Timber Trades Journal Hardzond
Supplement, August 1981, pp. 27-9.

Pearce and Myers, op. cit.

For example, Harald Sioh, “The efteces of deforestation in Amazonia”. The
Geographical Journal, Vol. 151 (1985), pp. 197-203, argues that when a certain
percentage of Amazonian forests has been destroved, the environmental threshold
effects “will probably have a disastrous cftect on the survival of spared torest areas
which are intended as "nature reserves’ or the like.'

. Forexainple, uccording to Cauficld, op. cit., although Brazil's Indian population was

an estimated 6-9 nullion in 1500, 1t had dropped to one million by 1900, and to under
200,000 by the carly 1980s. Of the 230 tribes hving in Brazil in 1900, onlv 143 survive.
See Vidart, op. ait. E.H. Butler and C.]. Schotield, *Economic assault on chugus
disease”’. New Scrennise, 29 October 1981, pp. 321-4, have also established a link
between the conversion of forest land to pasture and the spread of chagas diseasc,
which has alreadv affected 10 mullion South Americans.

. For example. Sioli. op. c1t.., reports that the carrving capacity of converted pastures

near the Belem-Brasilia highways decreased from 0.9 to | head of cattle on voung
pastures to only U.3 head atter some six vears. Because of the declining phosphorous
1n soil combined with compaction and weed invasion, cattle pasture 1s not ststainable
under the low-input svstem that 1s generaliv 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 uncconomic atter 5 to 8 years under
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27.

28.
29.

standard low-input condittons, and atter 12 to 14 vears with adequate managemens.
See Fearnside. “Agricultural plans™, op. cit. The same probiem ot nutrient loss taces
cultination on converted torest lands, especially as many colonists are wnorant o:
traditional tropical cultivauon skills, do not have sutticient land to practice shatting
culuvation sustainably and otten cannot attord appropriate tertuhizers or Crops.
However, Fearnside, op. cit., notes that the poor cconomics of pasture from
converted Amazonian torest land 1s overndden by the use ot cattle pasture as a rapid
and cheap means of secuning claim to the land tor speculative purposes in the advance
of anucipated development and tarmer sertlement. As will be discussed below, thic
cconomics of cattic ranching are also distorted by fiscal incentives through numerous
subsidics.

. Forexampie, there s evidence that the annuai tloogs ceperienced in Amazonia stnce

1970, especially the high peak tlows of 1981 and 1982, ana the commoniv reportec
incidence of niver tlooding, are connected with the snereased detorestation ot upiang
areas. See Salau and Vose, op at.

G.L. Potter ez ul., *'Possible chimauc impact ot tropical detorestation”, Nature, Vol.
25801975, pp. 097-8; G L. Potter er ui.. " Albedo cnange oy man™, Nature, Vol. 291
(1981, p. 291: Salau and Vose, op. cit.; and Siolo, op. ait.

Salati and Vose. op. at.

For example.in the region of Monaus the present drv period 1s at the maximum tnat
the local ccosvstem can tolerate. Anv lengthening of this drv scason or turther
reductions in raintall at other umes would induce irreversibie ceological changes. See
Salati and Vose, op. cit.

. Deforestation und Deveiopment, op. it., and Siol, op. cit.
. Salau and Vose. op. ait.
. R.E. Newell, “The Amazon Forest and atmosphenic gencral circulation™ mn W.H.

Matthews et al. teds), Man's Impact on the Cimate «MIT Press: Cambrnidge.
Massachusctts, 1971).

- Siohyop. ait.. and Amenican Geophvsical Union, Journal of Geoprvsical Researcit, Vol

93 (1988), pp. 1389-95

- Anthonv [ Hall, “More of the same in Brazilan Amazomia: A comment on

Fearnside™. World Deveiopmen:, Vol 1411986, pp 41114

. Fearnside. " Agnicultural piars™, op. ait. See also Hall, op. .

. Browder. op. ait, p. 0.

. Ihid.

- Ibid, pp. 21-3 and 29. Browder rnote 71 acknowledees that other estmates ot the

average w1ize of SUDAM livestock protects range trom a low of 18,126 ha by
SUDAM ntself’s to 28,860 ha. On the other hand, for the traditional North regron ana
Mato Grasso, the average size of cattle ranches 1s 872 ha.

- Hans I, Binswanger, “Fiscal and lezal incentives with environmental eftects on the

Brazihan Amazon™, Discussion Paper : World Bank: Washington, DC. Mav 1987,
14,

- Repetto, op. ait., pp. 79-80. 1t 1s also noted that onlv 20 % of SUDAM-hnanced

-

hivestock prorects market their tmber, compared to 47 ™ o1 non-subsidized ranches
For all projects, this equates to a potential loss ot nearlv 50,000,000 m' ot roundwood,
oran opportunity cost of US3 100-250 mallion. This s equivalent to nne eighth to one
third ot all SUDAM tax credits distnibuted to Amazoman hivestock projects trom
1966 10 1983,

. Browder, op. cit., pp. 53-02.

Ibid.. pp. 16-20. Binswanger p. 18) also notes that “small scale squatters are
frequently accused of contributing in a mator wav to the detorestation. While this mav
be ot local importance 1n several regions, 1t 1s probably less of a problem than the
ranchers ... for the en’i- - legal Amazon arca the bulk of deforestation 1s accounted for
by large private and corporate ranches.” The except.on would be in Rondonia, which
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15 thic region tor the major colonization programmes.

- lod,pos.

- Ibid., pp. 6-7

- S10lL, op. ait. See aiso, Salau and Vose, op. uit.

- anearbier version of this section appeared as Edward B. Barbier, “Liconomic and

cavironmental aspects of nising carbon dioxide levels”, paper presented at the
Input-Output Research Association Conterence. The Greenhouse Effect, the
Environment and Input-Output Analves (Pembroke College: University of Cam-
bridge, 29 june 1983

- In 1980, e developing countries accounted tor only abour 13 ", ot global carpon

Cmissions. whereas the ingustrialized market cconomies of North America, Western
Europe and Asia accounted tor avout 57 At current annual growth rates of 0.5
lor industnialized countries and 6.2 ™ for developing countries. the deveioping world
would become the major source of €O, enussions by the vear 2007 Thus tae policies
and strategies tor development i the Third World, parucularlv the expansion of
CNErEv-use tor cconomic development, mav be the most signiticant determinant of
luture global carbon enussions. See J. Darmstadeer, “Energy patterns - In retrospect
and prospect™ in W.C Clark and R E. Munn weds., Sustatnadle Development of the
Buosphere Cambridge Unuversity Press: Cambridge, 19865 and R.A. Warrick, P.D.
Jones and J.E. Russell, “The greennouse cttect, chmauc change and sea level: An
overview”, Expert Group on Climanc Change and Sea Level Risc, (Commonwealth
Secretanat: London, 19-20 May 1988).

On the different sources ot carbon emission see B. Bolin, B. Doos, J. Jaegerand R.A.
Warrick tedss, The Greennouse Efpect, Climatie Change and Ecosvstems, SCOPE 29
+John Wiiev: New York, 19865 R.D. Detwiler and Charles A.S. Hall, “Tropical
lorests and the global carbon cycle™, Scrence, Vol. 239, | January 1988, pp. 42-7; R. M.
Rotty, "' Dara tor global CO, proaucton trom tossii fuels and cement” in B. Bolin
ved.,, Curoon Gyeling Modelling, SCOPE 16 i John Wilev: New York, 1981); United
States Nauonal Academy of Sciences | USNAS ), Changine Climate: Report of the
Carbon Dioxtae Assessment Commuee tNational Academy Press: Washington, DC,
1983); World Chimate programme. **Report of the Internatonal Conterence on the
Assessment of the Role of Carbon Droxide and of Other Greenbouse Crases 1n
Chmate Varanons and Associated Impacts™ «World Meterological Organization:
Villach, Austria, 9-15 October 1985, The biggest controversy appears to be over the
contributton that land cleaning, paruculary tropical delorestation, makes to total
carbon emissions. Ininiai estimates placed 1t at about 1-2 gigatonnes, and trom all
terrestrial ccosvstermn disturbances anywhere trom 1.5 0 5 gigatonnes. Sce. for
example, AT, Wilson. "“Pioneer agricultural explosion and CO, levels in the
atmosphere™, Nuture, Vol. 273 (1978, pp. 40-1 C.S. Wong, “Atmospheric impact
of carbon utoxide from burning wood", Science, \'ol, 200 (19785, pp. 197-9; and
George M. Woodwell 1 ul., “*Global deforestation: Contribution 1o atmospheric
carbon dioxide™, Science. Vol. 222 "1983), pp. 1081-6. More recent modething 1e.p..
Detwiler and Hall, op. ity has led to 2 downward revision 1 these estumates
Nevertheless, some analvsts have suggested that the annual rate of carbon releasc
tram deforestation mav actuallv reach 7-9 Bigatounes betore tapering off dramatically
as the world's major forests begin disappearing completely dunng the middle ot the
next century e.g., Woodwell ¢t of,, op. cit.,.

Bolin ¢r uf.. op. cit.: Robert E, Dickinson and Ralph J. Cicerone, “Future global
warming lrom atmospheric trace gases”. Nature. Vol. 319 (1986, pp. 109-15:
Michael MacCracken and Fredenck M. Luther, Projectng the Climan.: Lffects ot
Increasing Carvon Dioxiae + United States Department of Energy: Washington, DC,
December 1985); V', Ramanathan, R.]. Cicerone, H.B. Singhand J.T. Kiehl, " Trace
8as trends and their potenual role in chmate change™, Journal of Geophvsical Research,
Vol. 90 (1985, pPp. 5547-66; and World Climate Program, op. cit. Warwick et ul., op.
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ait., cite four reasons for the growing importance to the greennouse cttect of CFCa:
{ 1) molecule tor moiccule, some are us much as ten tnousand times more ettective than
CO,n terms ot their raditive ettects: 120 most are “long-hived™ i the atmospiere:
{3) they destroy stratospheric ozone. which in turn mav enhance the greenhouse
effect; and (4) the annuat growth rates in atmospheric concentrations of CFCs are
high.

Warnick, ct. ui., op. at. Some observers have expressed imporiant reservations over
assuming that such predictions ot global warming are inevitable. For example, some
ume ago, Brvson pointed out that the supposed ettect ol increasing carbon doxide
levels on the carth’s surtace temperatures mav be cancelled out in tme by other
factors tending to lower temperatures, such as the increased twrbidity of the
atmosphere from volcamc dust. man's disturbance ot the soit and particulate waste,
and the long-term climatic change trom an interglaciat 1o a glacial age. See Rewd A
Brvson, "A perspectuve on chmatic change™, Science. Vol 184 - 1974, P 753
More recentiv. Maddox nas cautioned that “although 1t has been known  : nearis
three decades that the quantty of carbon dioxide lodging 1n the AUMOsphL: * 15 0Ny
half of that discharged 1nto 11, whether the missing halt finishes up 1n the biosphere
or 1n the oceans 1» unknown - but 1s cntical for the fong-term prognosts. The hak
between an accumulation of excess heat and the surtace temperature »s sumlarly, but
seriously, complicated by uncertainty about the role of the oceans as heat reservorrs.”
See John Maddox, “'Jumping the greenhouse gun”. Narure, Vol. 334 (1988, p. Y
S. Manabe and R.J. Stoutler, **Sensitivity of a global chmate model to an inerease of
CO, concentration n the atmosphere”, Journul of Geophvsical Research, Vol. 85
(1980), pp. 5529-5534; S. Manabe and R.T. Wetherald. “On the distribution ol
climautc change resulting trom an increase 1n CO; content n the atmosphere™,
Journal of Atmosphenic Sciences, Vol. 37 11980, Pp. 99-118.

T.M.L. Wiglev,P.D. Jonesand .M. Kelly, " Scenario tor a warm. high-CO, world™,
Nature, Vol. 283 (1980), pp. 17-21.

Jill Jacger, “The development of an awareness of 4 need to respond to chmauc
change”, Expert Group on Climaue Change and Sea Level Rise « Commonwealth
Secretanac and Bener Insutute: London. 19-20 Mav 1988

See Bolin er ul., op. cit.; Jaeger, op. cit.; James Lewis. “The implications of sea level
nise tor tsland and low-Iving countries”, LExpert Group on Climatic Change and Sca
Level Rise «Commonwealth Secretanat: London, 19-20 Mav 1988): Warnick. ef u...
op. at; T.M.L. Wigley and S.C.B. Raper, “Thermal expansion of sca water
associated with global warming™, Nature, Vol. 330 11987, pp. 127-31: and Worls
Climate Prograinme, op. cit.

J.H. Mercer. “West Antarcuc Ice Sheet and CO. greenhouse eftect: A threat ot
disaster™, Nature, Vol. 271 (1978), pp. 321-5; Roger Revelle. **Carbon dioxide and
world climate™, Screntific Amenican, Vol. 247 (1982, pp. 753-9; USNAS. op. ¢t and
Woodwell er al., op. cit.

See Bolin er ul., op. ait; Revelle, op. cit; World Climate Programme, op. cit.

. For example, the USNAS. op. ait., study concluded that anv polar ice-cap melting

would. at most. increase the rate of sea-level nise to anvwhere trom 15 to 70 cm per
century, a process that would take several centunes betore a 5- to 6-m total rise would
occur. In contrast. theoretical models developed at Ohio State Universitv have
indicated that the disintegration of the West Antarcuc Ice Sheet could concetvahly
accelerate to a sea-level rise of 3 ¢m per vear. or 3 m n one century. See Revelle. op
cit.

The last four are especially singied out by P.A. Oram. “Sensiuvity of agricultural
production to chimatic change™, Clmatic Change. Vol. 7 /1985, pp. 129-52.

. Bryson, op. ait.
. Michael H. Glantz and Jesse H. Ausubel. “The Ogallala aquiter and carbon dioxide:

Comparison and convergence™. Enttronmenia! Conservanion. Vol 11 (1984), pp
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specific localities must consider the combination of iobal, rewional and locar etie
on sca level.. .. In south-castern kngland, tor exampie, the tocin sea eved nas peen
rsing at a rate about twice the gtobal average, partiyv decause the land s suemergny
In Scandmavia. sea fevel has oeen talhng, due to sostatic upatt. Most ot the Pacit.
islands have shown httle chanee. Local intluences can nave a marked eftect. sucn as
on the Mussissippr Delta whicn s expertencing a sed levei rise ot about one meter per
century due to subsidence refated to decreased seaimentation as g result of numan
nterterence 1n the ow of the Mississippn River
Jaeger, op.aitsand Warnick of wuop. ait Intne extreme case ot a rise 01 T e 10 sy
m n sed levels, the Umited States would lose most of ity soutners codstdl lowiand «.
including halt of the state of Fioniaa: See Revene, op o
Jacger, op. ait Warnick o7 . Lo Gt
Lewis,op.ant
Wallace > Broccker. " Unpreasant surprises i tne greennouse ™, Natare, Voo 328
1987, pp. 123-0
Warnick et ud., op.air, p.do
Thus “moditving conventionai discountmyg assumptions” does 1ot SUrICtiv. mean
simply universaliv adopung a 1ower or Zero discount rate, ratner, adjustng the cost
and benetit values to allow the actial costs of risk. irreversiahity and lost tuture values
may be more appropriate. See. 1or exampie. Anil Markandva and David Pearce
Emvironmental Consideranions and the Chotce of Discount Rute i Developing Countrics.
Environment Department Working Paper No. 3 - World Bank: Washington. DC.
May 1988).
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Upper Watershed

. Degradation in Java!

On the densely Populated 1siand of Javain Indonesia, the area of severely
eroded upland 1y Increasing ar the rate of 12 perannumand now covers
a total of over 2 million hectares vhay, approximately one third of Java's
culuvated uplands. The population of the uplands is roughly |2 million.
Population densities in these areas average 600-700 people per km:, and
holdings averzaing G4 ha or less. In some arcas, up to 20-25 “% of the
population are landiess. Yields tor upland rice and comn average 0.9 10 2.5
tonnes per hectare. The general pattern 1s oae of poor, predominantly
subsistence houscholds struggling to teed themselves and to meet other
basic needs by USING Inappropriate cropping patterns that result in high
levels of soil crosisii on their ramnfed lands. Signiticant erosion 1s also
caused by absentee and betier-off farm owners who cultivate highlv
profitable but erosive crops such as vegetables. An additional cause 1s the
failure to police state-owned tree plantations properly, parucularly 1in;
prevenung llegal fuciwood coliection and agricultural conv-rsion.-

Although natural-crosion rates on Java tresulting trom the interacuorn
of climate. bed-rock geology, soils and vegetation ) are among the highest
in the world, human-induced crosion through nappropriate land use
‘particularly the continuai cultivation and cxpansion ot annual cropping
>Ystems on crodable soils) 1s clearly significant. A recent World Bank
report suggested that upper watershed degradation has led to concerr:
over three dominant cvceles of interaction:

1 the on-site eftects of land-use patterns and practices in upper
watersheds on the natural-resource base and on the hvelihoods of
upland people:

ity the oft-site effects of upland acuvities on the environment
downstream and the agricultural, industrial and urban livelihoods
of lowland people; und

iti) the impact of policies. programmes and projects, both government
of Indonesia +GOI) and foreign-donor funded, and of private
investment on these on and off-site effects.
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The on and oft-site etfects of upper watershed degradation on Java are
very good examples of the type of natural-resource scarcity problems that
concern the alternative view. Instead of focussing on these effects. this
chapter will concentrate on the third concern - the role of cconomic
policies, incentives and investment strategies 1 controliing upland
erosion on Java. The chapter will examine two aspects of this role in
particular: the incenuves for upland farmers to adopt soil-conservation
packages as a means of combatting erosion and improving long-term land
productivity and agricultural growth, and the design ot appropriate
polictes and incentives to tacilitate the control of soil crosion on upland
farms.

ON- AND OFF-SITE EFFECTS

Usually, the on-site effects of soil crosion on farm productivity are
disunguished from the off-site mmpacts ot downstream environmental
degradation. Both need to be studied and evaiuated I any complete
economic analysis of erosion control.’

The on-site impar:ts consist of a decline in the vields ot agro-ccosystems
arising from mass wasting, soil and nutrien: losses and changes in the
water-holding capacny o the soil. The use of the term “on-site’ 1o
describe these effects seems conceptuallv appropriate, as thev are the user
costs that farmers must cventually tace tor their chorce of land-use
patterns. By improved land management and the application of farm and
soil-conservation techniques. tarmers mav be able to reduce on-site
effects. but will generally only do so 1t the benerits appear to exceed the
costs. In addition. however, the crodability of the land and thus the
effecuveness and appropriate choice ot land-management and conservi-
Fion techniques will depend a great deal on the soil’s characterisucs. it
Interactions with the climate, slope and topsoul depth. On Java, the recent
volcanic soils are generally less erodable than the more shallow, poorly
drained sedimentary (limestone sols.

Soil erosion in the uplands of Java 1y thought to be the man
determinant of downstream environmental degradanon that results trom
off-site siltation, water flow irregulaniies and agro-chemical run-ott,
Again, the term “off-site™, or “*downstream ', is appropriate as the costs
of these Impacts arc external to the upland tarm: that 1s thev are not borne
by the farmers whose upland agro-ccosystems are causing the probiems.
As erosion from cultivation often takes the torm ot sheet. rill or gully
crosion, the off-site effects mav be pervasive. They generally include:

1) increased sedimentation in reservoirs, rivers, channels, irrigation
canals and other waterways;
11) the increased irregularity of river flow, resulting in greater flooding












Ugper Watersned Degcradation i Fava 165

intercrop food crops and tree species. It would be better o develop
farming systems that incorporate a mux ot trees which can be harvested or
produce fruit at different umes and <o spread income tlows throughout
the year. This would gradually induce the phasing out of annual cropping
in the medium and long run.® In the Kah keato Project, a kev
componentin the establishnient ot perennial crop gardens and agrotores-
try systems on steep slepes was seen to ve the deveiopment ot village-level
nurseries. These are backed up by central forestry and perennial crop
purseries at o subadistrict level which supply planung material required
for village land. Thev also tram and cncourage tarmers in the establish-
ment ot nurseries tor their own requirements and demonstrate the success
of high vielding varienes. Inorder to ncrease the production ot tuelwood.
fruits and todder in watershed arcas. 1t was considered essential to provide
high quality scedlings in adequate guantities. at reasonable prices, and
from nurseries close to the tarnung populaton. -

In spite of some input subsidies, the introduction o many sotl
corservation techniques to upland farms mayv require a substanual
investment of time and money by tarmers. For siopes of 50 7 or less. to
mtroduce bench terracing otten requires signicant input of human
labour, ranging from about 750 o over 1800 person-days :PDy per ha
depending on the slope. This implies construction costs of between US?
420 and USS 2,060 per ha (1979 pricest. In additon, costs of plantng
material, tools and the tertilizer needed to build a terrace and establish a
crop in the first vear average USS 112 per ha (1979 pricesi. So the total
labour and materal costs would range from USS 560 to US$ 2,075 per hia
(1979 prices ). ‘These est'mates do not include the additional costs to the
farmer of periodic mantenance of terraces, waterwavs and drop struc-
tures. IFor tarmers to add an intensive hvestock svstem to terracing, the
cost of establishing a grass cover on terraces 15 approxmmately USS 72 per
ha for matenial (1979 prices) and an extra 2-5 PD per ha,af 20 7 ol cach
hectare 15 1n terrace nisers and Itps A mature 1emale sheep or goat costs
about USs 70

[t 1s generally assumed that the iubour tor constructing the terraces -
provided by the farmer during the drv season. Assuming a four-month
dry season and a holding of 0.5 hectares, a single tarmer could provide a
maximum of 100 PD cach dry season. This s tar short of the terracing
requirements of approximately 373 jow slopes to over 900 «steep slopes
PD per 0.5 ha holding. Alternauvelv, during a 100 working-day pericd., 4
farmer could only terrace 0.14 ha of Jow slope and 0.06 ha ot steep slope.
The total labour requirements tor terracing mav theretore mean addi-
nonal cash expenditures on hired fabour. Thus trom the tarmer's point of
view, the costs of terracing not onlv imply torgomg his own mcome-
earning opportunitics - erther m ofi-farm cmplovment duning 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
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suggests that the adoption of terracing-based technology for soil conser-
vauon may be limited 1o nousenolds with the cash available 10 hire
additional labour. to those with more than ene adult male member 1o
supply labour and wealthier houscholds that can atford to torgo wage
employment during the dry season.

In Gubugklakah, East Java. onlv the relatively wealthy tarmers
engaged in preataole commerciai apple production rapproximmately US3
5-6,000 per vear profits. 1986 prices) are able to attord to construct the
extremely eftecuve back-sloping tied ridges capablo of conserving topsoil
and reducing crosion rates to less than 10 tonnes per ha (voicanic middle
sotis with a siope protile o 1o 8 deurees - Stmiudarly, a survev of farmers
who -{id not adopt bench-terracing technology in the Ciaanduy watershed
of West Java revealed that 87 7 of the -2spondents cited lack of monev as
the reason tor not constructing terraces.* Calcuiations of the net present
value of the gans from terracing i the Citanduy I1 project suggest that,
to the extent that terracing costs are around USS 500 or less : 1984-85
prices, farmers could be expected to adopt terracing without subsidies. !

One advantage of a livesto~k-based system 1s that ownimg small
ruminants provides an opportunuty tor the household to use its own, often
child, labour which has a low opportunity cost. On the other hand. in
order to feed small ruminants by cutting grass along roadwavs and on
other public land, the houschold must devote one hour/animai/day in the
wet season and two hours/animal/day in the dry season. Under these
conditions, flock size seldom exceeds four to eight animals per houschold.
By establishing grass intensively on terraces, houscholds are able cither 1o
raise a greater number of animals with the same labour input or to raise
the same number ot antmals with perhaps only 20 % of the labour required
uader the extensive cut- and-carry svstem.~' With terraces alreadv
establisiicy, a tarming houschold can significantly raise productiviry from
sitmal husbandry witha relatively small additional investment in terms of
labour and material costs.

As noted above, on slopes greater than 45-50 %, the recommended sotl
conservation strategy 1s for tarmers to take land out of annual tood-crop
production and adopt an agrotorestry-based system to produce tree crops
tor a cash income. For upland farmers, however, there is an additional

7i°Ing cost of three or more vears to be borne between the inual vear of
laid preparation and planting, and the eventual maturing and harvesting
of the trees. For example, although Albizia fulcata is considered
relatively fast-growing tree with economic potenual for tuelwood, sawn
lumber and supplementary dry-season forage, harvesting for ruelwood
cannot begin betore three vears (five vears for sawn logs), and it 1akes tive
vears or more tor cumulative returns to exceed the nitial preparation and
planting costs of around USS 100/ha (]982 prices). Similarly, the
preparaticn and planting of Glvricidia requires 7.5 PD per ha and
subsequently 3.5 'D per ha for maintenance, as well as a materiai cost of
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around US$ 45 per ha (1982 prices). Farmers. however. have to wait unul
the third vear before making the tirst cut, and 1t 1s not until the fifth vear
that harvests reach therr full economic potential raround USS 300 per ha
per year - 1982 prices).<! This suggests that adopung agrotorestry svsters
may be extremely difficult for poorer tirmers who are dependent oa
extremely small landholdings for foud production and who have no
alternative «ropland or employment opportunities. On the other hand.
farmers wro are relauvely well-off, who have sutticient lower sloped
cropland to grow tood on and/or who have access to otf-tarm emplovment
opportunitics may be able to afford the “waitigz cost™ associated with
agroforestry nvestments. Sectanty of land tenure v an additionai
deterininant as to whether upland farmers are willing to bear this “waiting
cost”.

Given that upland farmers face significant costs i adopting soil
conservation measures and changes in farming svtems. they arc unlikely
to make changes in their land management unles they can see an
economic advantage in doing 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 wiil also mean that farmers can afford to
maintain terraces and other conservatici structures and to continue with
labour-intensive ~rosion control measurcs. On the other hand, poorer
upland farmers depcndent on low-return cropping systems, such as maize
Or cassava, may be aware that soil erosion is reducing productivity but
may not be able to aftord to “dopt conservation measures. At the other
extreme, farmers with very profitable crops that are extremely crosive,
such as temperate vegetables on steep upper volcanic slopes, may not
consider soil conservaiion measures if their returns do not appear to be
affected by soil crosion losses. Thus tie relationship between the
erodability and profitability of different framing svstems on different soils
and slopes 1s an important determinant of whether upland farmers adopt
a soil conservation strategy. As shown in Fizure 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 nec wii'ing to modify their land-management practices
and farming systems unless they see an economic advantage in
doing so.

i) This “‘economic advantage” is largely determined by increased
prodrictivity, and thus net returns from working the land, although
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other ractors mav also be signiticant. For example, the ability 1o
tarn greater returns trom off-farm empioyvment. the Insecurity of
lend tenure, poor transportation and marketing facilijes and
inadequate intormation on available technology, inputs and tarm-
Ing methods.

i) Where they see a direct economic advantage in doing so, farmers
appear responsive 1o new information provided by research and
extension services on optimum mmput and output mixes 1o achieve
greater productvity,

Ingeneral, some SCOpe exists for complementary economic poticics and
investment strategies that both enhance agriculrural development in the
uplands by Increasing farmers’ incomes and productivity, and so reduce
the economic pressures to deplere the land and accelerate soil erosion. To
introduce them, however, mav require a re-oricntation of agricultural
policies and resources directed towards lowlands rice production in order
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Figure 7.1: The Relationship Between Relative Profitability and
Amount of Erosion of Major Crops, Java Uplands

Source: Brian Carvon and Warny Hadi Utomo. “Erosion and sedimentation processes 1n Java”
‘KEPAS: Malang, Indonesia. 19861, Fig. 4
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to meet the very specitfic 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 Revolutior. was
successful in achieving rice self-sufficiency in the early 1980s. would be
costly to replicate for the uplands of Java.

The highiy diversified soil conditions. topography. and agro-vcological
zones that comprise the uplands, which are often characterized by non-
contiguous smallholdings with mixed cropping patterns., are not ideal for
mono-cropping rice, maize, sova beans and other major crops. Conse-
quently, instead of trving to direct cropping patterns and areas to be
harvested on a single commuodity basis, attempts should bte made to
control soil eroston eftectively, and to boost the productivity o1 the varied
and appropriate mixed cropping, agrotorestry and silvo-pastoral svstems
that would be appropriate under these dive rse upland conditions. That 1,
a more flexible approach to farming svstems may also be the most cost
effective. To complement this approach, the immediate priorities tor
investment in the uplands are for research and extension to support the
development of appropriate upland-farming systems, and for building up
the physical infrastructure of the uplands, such as rural transport,
integration of markets, and post-harvest technology and proccssing.

Given the current climate of slower econoinic growth, rising external-
debt servicing and reduced development expenditures in Indonesia,
increasing government investment and subsidy programmes (for :rriga-
tion, fertilizers and pesticides, higher vielding varieties (HY Vs ), manage-
ment and credit) which currently are predominantly for rice production,
arc becoming a financial burden. Extending these policies to the uplands
would :ncrease this financial burden, which, in any case, mav 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 cicarly a case for introducing a phased reduction of these subsidics
and reallocating funds towards research, extension and infrastructure for
the uplands.??

To understand this need for a reorientation in poticy 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 cultvated. For
¢xample, the rice market is tightly regulated, with the government of
Indonesia (GOI) procurement agency, BULOG, maintaining tloor and
ceiling prices through its accumulation and control of inventory stocks
and imports. BULOG has been active in the markets for sugar, corn, sova
beans and wheat, although mainly in restricting imports. In addition,
exiremely i.igh effecive protection rates exist for fruits. vegetables and
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dairy products as a sumulus to local production, which for the most pary
15 not traded internationaliv. In contrast, there has traditionally been lirge
government intervention in the markers tor cassava, groundnuts. sweet
potatoes and minor legumes tmungbeans, pigeon peas, etc.), which are
also predominantly non-tradeables, However, the GOI iy currently
encouraging the expansion of cassava so as o fulfil its EEC export Juota,
and increased production ol groundnuts to substitute for import.. With
declining world prices. the GOI has relaxed its export taxes on tree crops,
whose domestc prices are heavily influenced by world markets. The
major export crops m Indonesia are rubber, palm oil, coffee, ten nDacco
and pepper.

One indicator of the incentves to domestic production afiorded by
government intervention is the nominal protection rate (NPR) - the ratio
of domestic producer prices to border prices, The NPRs for rice and corn
varied considerably between positive and negative levels over the 1972-85
period, whereas over the more recent 1980-85 period, the real protection
rate for rice did not change, and for cassava it only increased by § 7,
Despire the varying degrees of GOI market Intervention for these crops,
the implication is that price distortion in these markets has not been
significant. In contrast, the mainly positive NPRs, for soya beans. and
particularly for sugar over 1972-83, suggest that import controls have
lifted domestic prices well above world levels. The collapse in world
commodity prices has significantly eroded the nominal and real incentives
to domestic producers of cxport crops. In the past, effective protective
rates tor dairy products. and ruits and vegetables have been as high as
221.4 and 208.9 respectuvelv.:

Current GOI pricing policies and general market trends have rein-
forced the profitability of horticultural crops and. to a lesser extent, of
soya beans, livestock products and groundnuts. Rigid import controls. a
heavily protected domestic pricing structure and stringent area targeting
have all been used to expand smallholder sugar production on Java. In
contrast, incentives for increased rice production have come less trom
producer prices. which have been declining in real terms, but frominput
subsidies. 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 consumprion.
especially among the rural poor. the dechining price of rice during the
1980s in turn depressed the demand for the two less-preterred substututes.
In recent times, however. the price of cassava has rebounded, doubling in
1985 and again in 1987, T1s largely reflected the GOJI's determinauon to
overcome domestic shortages and to procure sufficient supplies to mect
the EEC export quota.”* Although export crops have suffered rom
declining world prices, the revaluations of 1983 and September 1986 have
somewhat restored Indonesia's relative competitiveness in many export
markets,
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This agricultural pricing structure has significant implications tor the
sustainable development of the uplands on Java and the economic
incentives for upland farmers to improve their cropping svstems and land
management. Although there are important regional variations in trends,
on the whole over the period 1976 - 86 across Java, the tarmer terms of’
trace for paddy have declined sharply. For secondary tood (puluzija -
crops they have risen only marginally, except tor more significant
increases in Central Java. For commercial crops, the fall in world
commodity prices has generally depressed tarmer terms of trade whereas
for fruits and (especially) vegetables. tarmer terms of trade have increased
dramatically. With the exception of the recent price rise for cassava, these
trends may, in the long run, encourage upland agricultural production to
move from less profitable, relatively income-inelastic basic starchyv staples
to more profitable, income-clastic commodities such as fruits, ammal
products and tree crops.

As noted above, the increasing  protitability of agriculture is an
important incentive for upland farmers to invest in soil conservation
measures and improved land-management techniques, although
increased profitability alone may not be sufficient to induce conservation.
Farmers may also be encouraged to adopt agroforestry and livestock-
based farming systems that protect steep slopes as truits, animal products
and tree crops become relatively more profitable.

In contrast, the higher farmer terms of trade and therctore profitability
of vegetable crops and sugas cance may actually be a disincentive to sot)
conservation. As the average returns to these highly commercialized and
Input-intensive crops increase, share tenancy and absentee ownership
become more common. which can reduce the incentives for long-term
investments in improved land management if tenancy arrangements arce
insecure and if the objective of absentee owners is short-term protit
maximization or land speculation. In addition, the increased protitability
of vegetable crops means that farmers are encouraged to cultivate them on
steeply sloped volcanic soils, where water run-off, and therefore soil
crosion, are greater. Similarly, although the svstem of cortrols for sugar
has stabilized prices, climinated imports and increased production
Indonesiz has no comparative advantage in this crop. Consumer prices to.
refined sugar are three times the international price, and sugar production
occupies a significant proporion of the scarce irrigated land on Java. The
€XIra costs of expanding domestic sugar cultivation to about 1.8 million
tons are estimated to be USS 125 a tonne. or USS 225 million per vear.:*
Finally, the recent and rapid rise of cassava prices is worrving, as some
upland farmers are switching back from more protective farming systems
based on livestock rearing, agroforestry and annual multi-cropping, to
Cassava grown on highly crosive soils.

A key factor contributing to environmental degradation and low
Productivity on marginal uplands is the failure of farmers to adopt the
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appropriate tarming and culuvaung systems tor the diverse agro-
ecological conditions found here. In order tor such diversitied small-
holder production svstems 1o be viakle on margmnal lands, improvements
in tne gualitv and marketing of smallholder production, particularly of
potentially traacable crops and of import substitutes, are necessary. The
ability of farmers to make these improvements and investments, particu-
larly in agroforestry and livestock based systems, will in turn depend on
the returns trom their markeung efforts.

Although the combined effect of the 1983 and September 1986
devaluations has substantially improved Indonesia’s relative competitive-
ness in a number of important agricultural exports, current evidence
suggests that improvements in terms of trade are not directly benetitung
upland tarmers. The considerable marker power of exporter associations,
licensed exporters and approved traders and other marketing inter-
mediaries means that the tarmers, despite the devaluations, are paid little
more for their coffec, corn, cassava, spices, pepper and other smallhoider
commodities.** In general, the farmers of the rain-fed drvlands which
predominate in the uplands of Java. tend to have lower producer margins
than those growing crops on the irrigated lowlands. For example,
producers receive 80 to 85 7 of the retail price tor rice, 70 to 75 " of the
retail price for soya beans and oaly 60 to 65 % of the tinal price for corn.
which is predominantly a dryland crop.**

Notonly have tarmers in lowland irrigated areas benefited substantiallv
in the past from disproportionate investments in marketing and transpor-
tation, but because in the upiands farmers tend to have holdings that are
small- scale and scattered over small and isolated plots, transportation and
marketing inefficiencies are increased. In addition, as theyv have limited
labour and capital, very limited market information and more mixed
cropping svstems vielding smaller volumes of incividual crops, upland
farmers are less likely to engage in marketing activities and more prone to
price discrimination by marketing intermediaries. In the Citanduy River
Basin, West Java, only 10-20 % of clove and peanut tarmers either drv
their crops or transport them to sub-district sellers.*

Agricultural input subsidies in Indonesia amounted to around US3 7.5
million in 1985. The current effective subsidy for fertilizers rc farmers 1
about 38 % of the farmgate price (a weighted average of the subsidy rates
for TSP and urea). For pesticides, the rate is more than 40 %. [rrigatien
attracts as much as 87 %, 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 \nputs was one of the
hallmarks of the Green Revolution rice self-sufficiency strategy of the
1960s and 1970s. Thus, the bulk of these subsidies has benetited the
lowland 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 higher vielu.ng vanieties tHY Vs
has expanded troni U 3 to 6.8 million ka. On Java, the average area planted
with HY'Vs has reached 94 %i; the irnigated area has increased from 3.7 to
4.9 million ha; the distribution c1 subsidized fertilizers from 0.2 to .1
million tons; and the distribution of subsidized pesticides trom 1,080 to
14,210 tons.??

With the current emphasis on agricultural diversification. these
subsidies are increasingly being used to sumulate production of non-rice
crops - notably sugar, cassava, maize, palm oil and sova beans. Assuminy
no change in policy, the total costs of these input subsidies 1s antictpated
to increase as they are gradually extended to agricultarai cultivation on
marginal lands, including upland areas. For exampice, ramted crops on
Java (with the exception of high-value vegetables. fruits and estate crops .
still tend to use relatively lower subsidized inputs than irngated rice and
sugar. On the other hand, rainfed (drvland) crops appear to use relatvely
more organic fertilizers. ™ Although the vields 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 nputs. For
instance, with the exception of fertilizer use on maize. non-intensive
irrigated paddy and the predominantly rainfed staple crops 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-1.c of these inputs in intensive wetland rice cropping. Morcover, 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 HY Vs for irrigated rice mav account for the much higher
use of purchased seeds in intensive irngated rice culuvation compared to
other crop production. *

Over-use of fertilizers as a result of tiie subsidy 1s 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 appiication, the current high rice-
fertilizer price rasio of 1.5-2 will conunue 1o encourage mappropriate
application and waste, with little increase in the output of rice.*
Moreover, providing suhsidized fertilizers to cultivators of marginal lands
may be counter-productive. These farmers will apply relativelv cheap
fertilizers so as to increasc their vields rather than consider more
expensive but environmentally sound methods such as green manuring,
mulching and compusting to maintain soil fertility. Thus fertilizer
subsidies are a disincentive, at least in the short run. They discoiurage
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tarmers from tacing the full cconomic costs of dechning soil rerufiy
particulariy rrom ~oii crosion. and trom responding with sound land
sonservat.on measures. lFor example in Ngadas, East Java, tarmers ar
presently using over 1.000 ke ot subsidized chemical tertilizers per hectar
to produce two l0-tonne potato crops. These vields are less than one hal
of what couid e attamed with improved soil-management technique:
and green manuning. Recenty, as tarmers have come to realize thay
increased ferulizer use was not offsetng vield ceductions. they have
returned to using organic rertilizers.

The GOI has recently banned the use of 57 pesticides and 15 planning
an integrated pest-rmanagement programme with the World Bank and the
FAO. However, the current subsidv levels will probabiv continue to
cncourdge inappropriate ard excessive use of pesticides. In tact. the ban
was a belated response to the latest plague of rice brown planthopper.
This was associated with the musapplication ot pesticides which have
wiped out natural pest predators, parasttes and pathogens. A major
concern is that the pesticide subsidies will discourage traditional methods
of eradicaung pest.. and make integrated and biological pest control
relauvely less attracuve to farmers. Subsidized pesticides encourage
farmers to treat ficlds preventvely even betore an economically damaging
insect population is present, causing natural enemies to be killed and
freeing pests r¢.g.. brown planthopper) from natural control. Even rice
varieties normally resistant to the brown planthopper, such as IR-36.
have been known to be “hopper-burned” severciv damaged bv brown
planthopper feeding) when treated too often wiih insecticides.

In Northern Sumatra, the population dersity of brown planthopper
tbetween 0.5 and 40 per plant) rosc directly as the number ot reported
insecticide applications. In tive arcas expericncug hopper-burn. tarmers
were treating tields six to twenty tmes in four to cight weeks without any
success. 't Although fiscai outlavs for pesticide subsidies have been
reduced, prelimmary indications suggest that the costs of these subsidies
are being shifted from the official budget to the operauons of parastazal
producers, who are financing it through additional borrowing.

The high level of subsidy for irrigation - USS 45] million spread over
approximately 4 million ha - 1s also causing problems of over-use. Total
spending on operation and mamntenance (O & M) has been reduced by
budget cuts, and the supply n: *work has been jcopardized by the failure
to recover any significant amount of the costs ol irrtgation. Fatlure to
maintain the irrigation network will, in the long run, translate 1nto losses
of agricultural productvity, which will be exacerbated by anv water
scarcity problems caused by over-use. As municipal and industrial uses
continue to expand, the allocation of scarce water sup-plies will become
pressing problem tn the near future.

Despite implicit credit subsidics. public liquidity credit s estimated to
meet only 15 % of the demand for credit by farmers; the other 85 % is
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obtained tnformally at an nterest rate ot around 60 7. Small 1armers.
particularly those outside the lowland irnigated areas, are especially
dependent on such ingh cost. intormal sources of tunds. Morcover.
although sugar production accounts tor only 3.3 " of the vaiue ot total
crop production in Indonesia. 1in 1985 over 50 " ot subsidized hquidity
credit went to sugar growers.

These distortions 1n the credit market and the general lack ot muin-
purpose credit at atfordable rates with medium- and long-term pavback
penods, are seen to be major constraints on the sustainable developmern:
of agricultural lands. Thev himit parucularly the adoption of improred
soil-conservation and land-management techniques on marginal fang:
For example, investments in bench terracing require a mediuni-term oan
for at least two vears and short-term loans tor succeeding vears.
Agroforestry requires long-term loans for at least seven vears. Ditterent
rates and terms are required tor various private smallholaer investments
in marketing, transport factlitics. post-harvesting technoiogies and
quality improvements.

As the producer prices tor the major food crops trice, corn, and unul
recently, cassava) in Indonesia have generally followed the underiving
trend in world market prices, there seems hittle need to change pricing
policies for these crops. Improvements in quality and vield i upland sova
bean production and of other higher valued upland crops mayv. in the long
run, be a more effective wav of increasing tarmer tncomes 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 are counterproductive 1n terms of promoting improved soil-
conservation practices in upland areas, and mav benetit the richer rather
than poorer upland farmers.

To encourage the spread ot agrotorestry and livestock-based torage
systems, particnlarly 1n the uplands of Java, mav mean a continuation of
some restricuve impoit controls for perennial fruits and amimal hus-
bandry products. However, 1n the long run, Indonesia will need to
develop export markets tor certain products, such as tropical fruits. This
will require a gradual dismantding of policies to protect domestic
production. In general, for all export crops vital to sustamnable upland
ficvclcpmcn[ re.g., cotfee, cloves, tea, cocod. cte.), not onlvy must
International compeutveness be maintamed by an erfecuve exchange-
rate policy, but monopolistic trading practices must he iemoved to allow
the benefits of improved terms of trade to reach upland smallholders.

Current agricultural policies - particularly input subsidies and invest-
ment strategies for research, extension and infrastructure - are still largely
biased towards lowland irrigated agriculture, especiatly rice cultivation.
Nut only does this imply an under-investment in other agricultural areas
that are currently absorbing labour and could potentially vield higher
growth and incomes, but it also artificially overvalues the contribution to
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agricultural dculopmcm of the lowlands, Lomparcd with the contribu-
ton ot these other arcas. The high-input subsidies also encourage
wastetuiness which 1s the direct cause of some environmental probiems.
Theyv also act as disincentives to the proper management ot land and water
resources. Moreover, as Indonesia now produces rice surpluses that result
in additional high costs tor storage and subsidized exports. there 1s clearly
a case tor antroducing a phased reduction of these subsidies and
reallocaung tunds towards more urgent agricultural investments, such as
sustamable agnicultural development 1n upland areas.

Reducing or ehminaung mput subsidies and reallocating rescarch and
extension tunids could. in the short term, release US$ 275 miliion annually
for investment i more sustainabie agriculture ** Assuming a gradual
phase-out of the tertilizer subsidv and a tfourtold increase in both rescarch
and extension budgets, this could increase to as much as USS 525 miliion
per vear. Thus, the 'ollowing investement programme would be teasible:

) $35-10 mulhion - Integrated pest management IPM: tor
brown planthopper control, gradually to
be extended to IPM for other pests.

i) §40-15 milhlon - Increasing the availability of general rural
credit, particularly to marginal tarmers, at
affordable rates and with multiple terms.

i) $60-240 million -  Research and extension to develop and
support new farming svstems and land-
management techniques appropriate to
the marginal tmainly drvland and swam-
pland) sedentary agriculture in the Quter
Islands and the uplands of Java. as well a-
shifung culuvauon. This would nclude
the development and disseminauon of
new varieties appropriate to diverse agro-
ecological conditions, research into pest
and discase outbreaks, and improvements
in smallholder estate crop svstems.

iv) § 140-200 million -  Investmentin:a)further improvementsin
farming svstems for <pecific agroecologt-
cal zones; and b) improvements in the
physical infrastructure  serving  these
zones, including rural transport. integri-
tion of markets, credit ictliues, post-
harvest technology and ;rocessing, and
produce quality.

Such an agricultural strategv does not necessarily mean sacrificing the
overall government objectves of food self-sufficiency and agricultural
diversification. On the contrary, it may be crucial to the achievement of
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these objectives. Indonesia rice production, which accounts tor about 70
of the total food-crop arca harvested. alreadv occupies the most terule
lowland arcas on the slands of Java. Bah. Southern Sulawes and
Southern Sumatva. The imits on expanding irnizated nice production and
increasing vields on ahese tertde dowiands suggest that agriculural
resources there are already bemng explonted at or near their fuil potential tn
production levels.

In contrast. the low vields m the upiand areas of Java stem trom
cropping svstens, land-management technigues, mput packages and,
above all, research and extension advice nappropriate tor the more
diversitied and fragile agro-ccolouical conditions tound on these iends
Nevertheless, drvland - mainlv upland - 100d producuon accounts 1o
nearly two-thirds or more of maize. cassava. sweet potato and peanut
production, and around 40" of sova bean production on Java see Table
7.15. The tota! dryland area plante with paddv and secondarv crops on
Java amounts to about once-tifth ot the total harvested tood reoduction
arean [ndonesta. Food production on the margimal drvlands of Java alone
mav contribute over 3 "h of GDP and ahout |5 " ot agricultural GDDP
Morcover, Table 7.2 indicates that vields i .ood production could be
substanually increased, parucularly on drvland areas. by overcoming
mappropriate land-management. cropping-svstem, and research and
extension techniques, as well as other constraints. This suggests that the
potential food production on Java's drvlands could be almost 25" greater

Table 7.1: Area Planted of Paddy and Sccondary Crops, Java 1985

I.l Hal
Wettand  Drveang ot Indones..
tha ina cha hu

006G units

|

Paddy 4756.3 3297 3086.2 9902
Mawze 541.9 1403 & P45 5 24399
Cassava 5.6 7660 7023 12915
Sweet Potatoes 10.4 3%~ 09 2 236.1
Peanuts 1238 RESI 369 3 510.1
Sova beans 786 RELEY 6l7 5 H96.2

TOTAL 38665 304360 8910 4 15290

42 Area harvestey

Sources BPS, Producrion of Cereaiv i Fara, 1993, and (o2 Mructures of Farme Paddy and
Palawna, 1985, Jakara
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for Increasing the Yiclds of Major Food Crops
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SUMMARY AND CONCLUSION

Thc on- and oft-site impacts ot upper watershed degradation on Java
lustrates the relatve and potential absolute natural-resource scarcity
effects suggested by the alternauve view. As this chapter has emphasized.
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Table 7.3: Actual and Potential Production of Major Food rops,
Java 1985

Drviand At iorentn: Actuaé Potentr;
Arca Yiels Yield Production Droduction:

O nmnee ng amnessinge 00 Lommes Dt tonn-
Padas 329.7 173 1 94 376,973 639.61
Mawe 1.403.0 17 2.1 2.386.12 294751
Cassavi THnY yu 123 7.592.31 943287
Sweet Potatoes AN v 7. 10 138.61 588
Peanut. AN (IR 123 233,415 07127
Sovbedns 2 (A1 [ MEXU 202,74
Total 30430 - - 1146247 I-L177.0n

© From Fredenick C. Roche, " Sustamable tarm deveiopment m Java's cnical lands: 1s a grees.
revolution really necessarv®™ Division of Nutntional Sciences, Cornell Umiversity, 19877,
Table 12, p. an

R

© Assumes a I ™ increase, as suggested by Table 7.2

Source:: Tables 7.1 and 7.2 except where indicated.

it is necessarv to understand the economic incentives determining
farmers’ decisions over choice of crops, larming svstems and land-usc
patterns in order to design an appropriate investment and policy strategy
to overcome these impacts. A major reason for the failure of the current
strategy is its disincentives for upland tfarmers to invest 1n improvements
in their land management and in agricultural svstems. and soil end water
conservation techniques that control erosion. Morcover, isolated soil and
water conscrvation projects 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 sustanable agricultural
development in the uplands.

Thus, the kev to sustainable agricultural development in the uplands o
Java is appropriate marketing, post-harvest technology and processing.
rural credit, research and extension, seeds for high-vielding varieties
(HYVs). transport, and other intrastructure and institutional invest-
ments. Therefore, what is really needed is a commitment to integrated
rural development combining economic incentives through appropriate
pricing policies, physical intrastructure 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 strategy allowed for
additional employment in trade. transport, private construction arid
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services that especially benetited the landless and those with marginal
holdings. Greater investment in intrastructure in the uplands of Java
would also have important income-generating and emplovment muitip-
lier effects. So, too, would the establishment of riore 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 tfood and industrial

products. ™

Although there 15 some cvidence that the availability of off-farm
income may lessen farmers' attachment to the land and hence their
willinguess to invest 1* improved land management. the etiective co-
ordmation of physical infrastructure inve tment with azricultural and
rural development should expand overall incomes and emplovment
opportunities sufficiently to ensure that the majority of houscholds would
use these additions' resources to invest in and improve their land.
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| Conclusion: An Economics
of Sustainable
Development

‘The implicauons o1 Natural-Resource Seareity for welfare have alway-
been considered an cconomice problem. As. at different tmes. cconomists
have seen scarcity in different functions of the environmenyt. ceonomig
perspectives or views of it necessarily change.

This book has primaniy been concerned with these changing economic
perspectives. The main theme has been that the emergence of a new clas
of scarcity problems - products of cumulative and often irreversibl
environmental degradation - demands an alternative view or natural.
resource scarcity. Theretore. most of the book has been taken up with
exploring the main differences, as wel] as the similaritics, berween morg
conventional approaches 1o envircamental and resource problems. and an
alternative approach. The previous two chapters have tried 1o provide
specific illustrations of the tvpe of scarcity effects. their impacts on
welfare. and the policy implications 1o which the alternative view I
parucularly applicable .. The last chapter, discussing the problem o
upper watershed degradation on Java, tocusses mainlv on appropriate
policy responses. The ultimate aim or such a response must cicarly be (o
counteract environmenral degradation and foster more sustainable eco-
nomic development,

But what exactly constitutes “sustainable™ development and what
modifications and resiraings Joes it require of cconomic~environmental
interactions? What new developments in cconomic analysis are in turp
required to help policvmakers cnsure that a development path is
inherently “sustainable™? How far are we along the road towards ap
cconomics 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 the
optimal level of interaction between three systems - the biological and
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resource system, the economic svstem. ana the social svstem - through a
dynamic and adaptive process ot trade-otts.' This optimal level would
therefore be the most sustainable development that these three crucial
systems can support. To be trulv usetul and operational however,
sustainability must be applicable to all torms of cconomic and social
activiry, ranging from agriculture and torestry to industry and human
settlements. At the mement. this goal needs 1o be made more concisc.
systematic and rigorous before 1t can usetully be applied in policvmaking
and planning.

Nevertheless. a broad consensus does exist about the conditons
required for sustainable economic development.’ Two interpretations are
now emerging: a wider concept concerned with sustainable economue.
ecological und social development: and a more narrowly detined concept
largely concerned with environmentally sustainable development (...
with optimal resource and environmental management over time..

The wider, highly normative view ¢t ,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 racet 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 resourccs.*

The term ““natural resources” should be interpreted in the broad sense
used by the alternative view of natural-resource scarcity tsee Chapter 3.
It includes rencwable 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 svstems.

Note that maintaining the services of a natural capital stock does not
necessarily imply maintaining the phyvsical stock intact which, i anv case.
may be neither desirable nor feasible. Bv definition, any positive-use rate
for exhaustible resources will physically deteriorate this total capital stock.
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However. it is possible to mamtam the value of the services at some
approximately constant level while allowing the stock of exhaustible
resources to dechne. This calls tor increased technological change 1o
enhance environmental qualitv and the level of environmental SCTVICES,
and tne removal of incenuives to deplete resources in an unsustainable
tashion.

Sustainable development also implies caution 1n assuming that an
irreversible loss of the natural caprtal stock is justitied it it results in the
formation ol more reproducible *manutactured capital. As stressed
throughout this book. some of the tunctions ot the environment are not
rephicable. such as complex life-support svsteme, brological diversity,
aesthete tuncuons, micro-climatic conditions and so 1orth. Others might
be substituted but not without unacceptable cost. In addition, degrada-
tion 0f one or more parts of a resource svstem bevond some threshold may
lead to a breakdown n the mtegrity of the whole svstem, dramatically
affecung recovery rates and the resilience of the svstem. The total costs of
such a breakdown mayv often exceed the value of the acuvity causing it.

Harvesting tropical forests is a valuable acuvity. Continual depletion
and degradation of a torest system, however, might impair nutrient and
water cveling, soil composition and run-off and energy flows. The
cumulative result may be a breakdown in the ability of the forest svstem
to recover and regencrate sufficiently to avoid damage to micro-climatic
conditions, soil and water conservation, and to the general ccological
stability and resilience of the forest svstem and neighbouring agricultural
svstems. Clearly, developing cconomic indicators of sustamability - or
alternauvely. improving economic analvsis of this tvpe of scarcity ettects
- 1s essential to the goal of sustainable development.

To ensure environmentally  sustainable development, cconomic
decision-makers must design policies, investment strategies and incentive
structures that can deal effecuvely with the tvpe of scarcity eftects
emphasized by the alternative view. In general. there 15 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 1n devising economic indicators of sustainability 15 the proper
valuation of the economic consequences of natural-resource degradation
over ume ise¢ below s,

Ulumately, the tull integrauon of environmental considerations into
development objectives must impiv a convergence between the two
Interpretations of sustanable development. Then one can clearly consider
as sustainable develoment any cconomic activity that raises social welfare
with the minimum amount of environmental degradation allowable
within given cconemic, social and technical constraints. This is not to
argue that the wider interpretauon 1s superior to the narrower or ice
versa. However, it 1s 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. ‘This is particularly true for cconomies and economic
systems in developing countries which arc dependent on the exploitation
of narural 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 1. industry and services can sately and
continuously be built.

Simiiarly, in the case of agriculture - or more accurately agro-
ecnsystems - the application of the concept is self-evident as these systems
are directly dependent on environmental resources and essential ecologi-
cal functions for sustamnability. This becomes apparent it we take
Conway's more specific definition of agricultural sustainability as
discussed in Chapter 2. “the ability of a svstem to maintain s
productivity when subject to stress or shock™.” The unchecked abuse of
resources within an agro-ecosystem (whether as a result of the inapprop-
riate use of agro-chemicals and fertilizers, the overcropping of erodable
soils, poor drainage, etc.) can affect the overall sustainability of the agro-
ecosvstem by increasing the susceptibility to stress, shock. or both. The
kev lies in reducing the degradation of resources and. therefore. the
stresses and shocks associated with 1t, to a level where the natural
processes and functions of the agro-ccosystem - appropriately subsidized
by human-made inputs and innovations - can counteract these disturb-
ances and so preserve cverall sustainability.

Of coursc, the crucial element in all this 1s that the producuvity of the
agro-ccosvstem 1s essential to human livelihoods. In developing countries
in particular, we are reallv talking about sustamable livelithoods.
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, especiallv in rural settings in
developing countries where livelihoods are dependent on the productivity
of agro-ccosvstemns and its equitable distribution, we come back to
Conway’s view of agriculturai sustainability. We must therefore consider
the appropriate trade-otls among, on the one hand. ensuring the long-
term sustainabilicy of such agro-ecosvstems and, on the other, the
potential sacrifices tif anv) in short-term productvity, stability and
equiry. "

We are also back to Page’s conservation criterion for ensuring
intergenerational equitv: 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-
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ent livability criterion ensuring that the resource base js kept intact. That
is, unless all generations can be 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
gencrations. In phvsical terms, such a rule is clearly sclf-defeating as any
current extractions of non-renewable resources will reduce the stock
available to future gencratons. On the cther hand, as argued by Pearce,
it the resource base is viewed as a composite of renewables and non-
renewables, 1f users are indifferent about which s used, and if the
renewable-resource use rate never exceeds the regeneration rate, then
exhaustables can sately be diminished by current generatons. ' Limitung
use of renewable resources within regencrauon rates should allow the
steady substitution of renewables for non-rencewables over time, as stocks
of the latter decline and increase in relative scarcity. As a result, the
composite stock of resources can be maintained across gencrauons.

Maximizing the net benefits of economic development, subject to
maintaining the services and the quality of the stock of natural resources
over time, is an essential criterion for sustainable development. As Pearce
and others have consistently argued, this criterion means observing
certain biophysical constraints.'* That 15, if the resource base is a
composite of exhaustables and renewables rincluding semi-rencwables
and waste-assimilative capacity), sustainability requires:

i) utilizing renewable resources at rates less than or equal to the
natural or managed rates of regeneration;

1) generating wastes ar rates less than or cqual to the rates at which
they can be absorbed by the assimilative capacity of the environ-
ment; and

iii) optimizing the efficiency v+h which exhaustable resources are
used, as determined by the ruce at which renewable resources can
be substituted for exhaustables and by technological progress.

Failure to obey these constraints will lead t0 a process of environmental
degradation as the resource base is depleted, wastes accumulate and
natural ecological processes are impaired. In turn, this will lead to the
kinds oI natural-resource scarcity eftects suggested by the alternauve
view. This of course assumes that:

i1 the services. or functions. of the environment are essential to the
€conomic svstem:
ii) there are insufficient substitution possibilities between reproduc-
ible capital and these environmenta functions; and
i) these environmental functions are not augmented by a constant
positive rate of techniral progress. '

The conditions governing the optimai trade-off between environmen-
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tal quality and consumption over time have been analvsed in various
models of ecconomic-environmental interaction. i Although these modeis
assume some form of environmental degradation, and thus implicitly
assume the transgression of biophysical constraints by the cconomic
system, no attempt is made to examine explicitly how an cconomy migh:
respond to the hmits imposed by these constrants and hence the opumai
conditions for sustainable economic growth.

In contrast, a simple model developed in the appendix to this chaprer
characterizes the conditions necessary to maintain the environmenta;
sustainability of an cconomuic svstem over ume. The results of the mode;
indicate that the initial level of environmental qualitv as well as the rate o
social time preterence are significant factors in determining the optimai
choice between sustainable and unsustainable growth. For example, with
an initial low level of environmental quality and a high rate of socia!
discount, environmentally unsustainable cconomic growh may be an
optimal strategy, as the benefits of increased consumption occur in the
present whereas environmental degradation and collapse 1s a future
problem. Morcover, the initial level of environmental quality influences
the minimum bound on discount rates, so a histonically lower initial leved
of environmental quality leads to a high rate of discount and z1ce versua.

SUSTAINABLE DEVELOPMENT AND ADVANCED
ECONOMIES

The concept of sustainable economic development is certainly relevant to
advanced industrialized countries. That is, the continuing cmphasis on
resource-intensive, growth-oricnted development in these countries has
culminated in the following pattern of resource allocation:

® adecrease 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);

® anincrease in the long-term use of energy and raw materials per unit
of output; and

® an increase in environmental degradation and ccological stress.

In short, the continued substitution of capital and natural resources for
labour in the production process is a pattern of economic development
that may be unsustainable, in the long run. If advanced economies seek to
Increase economic growth in this manner without adequately analysing
the trade-offs in terms of lor -term sustainability then problems of high
unemployment, resource scarcity, environmental degradation and misal-
location of capital resources may get worsc.

In fact (as Chapter 6 illustrates in the case of the greenhouse gas
Problem), even if the 2advanced industrialized cconomies manage to slow
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down or steady their current rate of use of global resources. this mav no’
be sufficient to avert the damage already inflicted on the biosphere
Alrcady, with global problems such as the greenhouse efrect, acid raip
tropical deforestation and so forth, we face crucial choices of trade-ofi:
between resource-intensive growth and more sustainable resource usc
With the current global cconomic development path modelled on the
resource-intensive, growth-oriented development of the handful o
'successfully’ industrialized advarced cconomies, the world is hardl:
ensuring the criterion of intergenerational cquity.

Morcover, this resource-intensive growth path is hardly equitable for
present generauons cither. As Table 8.1 shows, the advanced economies
- with only 26 5 of the world's populaton - consume a disproportionate
share of global resources. To bring developing countrics’ energy con-
sumption up to industrialized country levels by 2025 would require
increasing global energy use by a factor of five. In'terms of industrializa-
tion, a five to tenfold increase in manufacturing output - and therefore an
inevitable rise in resource demand - will be nceded just to raise
consumption of manufacturing goods by Third World countrics to
industrialized-world levels.!” The crucial question is whether the global
resource basc - including its assimilative capacity - can sustain these
increased demands as long as the advanced cconomics continue to hang on
to their disproportionate share.

Certainly, it is desirable that the industrialized nations continue the
recent shifts in the content of their growth towards less material and
encrgy-intensive activities and to use their technological capacity to
improve the ctficiency of energy and material usc. Neverthe!ess, it is clear
that profound transformations, j.c. committed policies to and incentives
for resource-saving development, are required bevond what has already

Table 8.1: Distribution of World Consumption, Averages for 1980-82
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been achieved. For example, between 1973 and 1983 - during the era of
hizh natural gas and oil prices - energy consumption per unit of GDP in
OECD countries dropped by 1.7 % annuallv, and the general productivity
and efficiency of resource use has improved over the last two decades, ¥ At
the same time, however, roral energy consumption in OECD countries
still grew by one per cent between 1973 and 1983." which means that
thesc countries’ per capita energy consumption has hardlv been dramat-
ically reduced (see Table 8.1). With energy prices now falling in real
terms, an cven greater policy commitment is required if energy saving is
to be accelerated.

The key 1ssue is that there appears to be no automatic cconomic
mechanism on the horizon for ensuring a more sustainable pattern ol
energy usc in advanced cconomies. There have been no technological
advances to producc energy (c.g., backstop technologies or the discoveries
of new resources ), nor do the present market mechanisms for fossil fuels
work 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 advanced
cconomies 1o a resource-saving development path - will inevitably require
the reallocation of cconomic and environmental resources 1o different
patterns of use. This will cost more than stmply stimulating the same
pattern of resource use f(i.c., the current structure of growth-oriented
development) simply to produce more. There is no magic solution. The
reallocation of resources called for involves real opportunity costs that
cannot be avoided.

The costs of reducing resource use and pollution in advanced
economics ~ marginal though these reductions may seem - has been high.
In the US, pollution abatement expenditures for manutacturing
amounted to 3.3 % of total new expenditures (§ 4.53 billion) in 1984: for
chemicals it was 3.8 % (3 580 million). For steel in Japan, such
expenditures accounted for 21.3 % of total investment in 1986 and for
around 5 % currently.® Clearly, much more new investment in improving
resource cfficiency, pollution abatement, materials recvcling, waste
treatment and environmental improvement services is required in
advanced economies, even though it may come at the expense of
structurally neutral investment to stimulate cconomic growth. For
e€xample, technologies to remove sulphur and nitrogen emissions from
coal combustion may increase investment costs by 15-25 %.2t which is
bound to affect the end-use price of energy and thus the costs of economic
Production in general,

The crucial question really becomes whether advanced industrialized
societies are willing to pay thesc costs for a transition to a more resource-
saving development path. On the one hand, public concern for the
problems of environmental degradation and - perhaps more importantly
- the increasing acceptance by more and more individuals of the need to
Pay for measures to overcome these problems, suggest that advanced
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economics may be willing 1o make a more rapid transition to 3
development path that conserves resources.

On the other hand, as has been stressed throughout this ook, the
scarcity ctfects generated through environmental degradarion tend to
manitest themselves outside market forces as ecological stresses and
shocks. They are not casilv amenable to “the measuring rod of moneyv"".
Moreover, these effects are otten cumulative and interactive. As a
conscquence, we still know very little about their tmpacts on ccological
functions and resource svsters and theretore about their implicauons for
economic activities and human welfare. Given such uncertainuces, it is
difticult to sort out the cconomic costs and benelits of alternative chotces
for investment. For example, whether the sulphur emissions o1 coal-
burning plunts should be reduced by 30 " or more. whether research into
renewable energy supplies should be subsidized, whether recyeling would
be encouraged by a selective tax on raw materials. and so on.

These and other kev cconomic questions need to be addressed if
advanced industrialized countries are to commit themselves decisively to
whole-scale structural changes tor a more resource-saving economy. Up
tonow, such political will has been lacking. This is not surprising because,
unul very recently, for the populations living within the advanced
industrializsed countries, the permanent livability criterion for inter-
generational equity has more or less been met. That is, cach subscquent
generation living within these countries has been assured access to a
relatively intact resource base. However. it has been kept intact not
through conserving resources but through extending consumption to
include more and more of the ¢lobal resource base. In the absence of
conscrvation. the disproportionate consumption ol world resources 1s the
only means of guaranteeing an eltectively intact resource base. Upon this
toundation 1s built the alluring dream of material wealth that advanced
countrics have always oftered their citizens.

In the last decades ot the twentieth century. we now know that turther
extensions of the resource base may no longer be possible. The first -
albertonly brief - indications of this were probably the energy crises ot the
1970s. Perhaps the real lasting indications are the scarcity ettects of
cumulative environmental degradation highlighted in this book. To this
must now be added the increasing - and neecessary - resource demands off
developing countries. Putting all these concerns together mav vet induce
sufficient political will in the advanced economies to make the transition
10 a more resource-saving development path. Let us hope that this 1s the

casc.

SUSTAINABLE DEVELOPMENT AND DEVELOPING
ECONOMIES

Tlhie growing recognition that environmental considerations must be
Incorporated into development strategics is starting to have some
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influence on policymaking and planning in developing countrics. This
may appear to be a curious (and dubious) trend, given that the resource
demands of these countries are increasing and that purely cconomic
development goals - such as generating foreign exchange carnings,
increasing agricultural production, servicing debts, cte. - would suggest
a short-term policy horizon.

On the other hand. direct dependence on natural-resource exploitation
to sustain ¢cconomic livelthoods is most 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. Morcover rassuming no change m the distribution of land
and other resource assets) the number of subsistence rarmers, pastoralists
and landless - groups that represent three-quarters of the agricultural
houscholds in developing ecconomies - will increase by 50 million to neariv
220 million by the vear 2000. Without opportunitics 1tor adequate
livelthoods, these resource-poor houscholds will be caught i a poverty
trap that induces them to over-exploit existing resources stmply to
survive.?

The problem faced by these resource-poor millions is neatlv 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 1s, poor people faced with margmnal cnvironmental
conditions often have no choice but to opt for immediate cconomic
benefits at the expense of the long-term sustainabiluy of their livelihoods.
This particularly holds for the marginal lands of the Third World. which
are areas characterized not only by lower quality and productivity but also
by greater instabihty, especially in terms of mucro-chmate. agro-
ecological and soil conditions.-* If cconomic development 1s to offer the
resource-poor the opportunity of sustatnable and secure livelihoods, then
sustainable-resource management must become a primary development
goal.

At the national level, a large number of low and lower-middle mcome
cconomies 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 carnings arc dominated by onc or two primary
commaodities. These economies are therefore heavily dependent or, their
resource stocks for current and future development efforts. Efficient use
of their natural capital stock is essential for maxumizing current develop-
ment cftorts, and sustainable use is necessary as the toundauon upon
which emerging structural developments in industry and services can be
safely and continuously built. The danger of an unsustainable path is the
risk that the successtul transformation from a resource-dependent to a
fully developed cconomy may not be complete before the resource bae .
and its essential environmental functions are irreversibly degraded anu
depleted.

For luw and lower-middlc income resource-based cconomics, the
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Table 8.2: Low Income Economies with High Export Concentration
in Primary Commodities-

Contnbution of 33 man
conmmodiiies to total

Muawm Export Commodies

expors: ! z
over 91
Zaire 131700 100.0 Copper 138.5, Petroleum 19.0,
Angola (3270 ¢ 100.0 Petroleum (931, Cottee 16}
Burundi (3230. 935 Coftee (912 Cotton . 2.%
Uganda 3230 Y3.0 Cottee 19-4.0) Cotton - 1 -
Zambia (2390 VA8 Copper 1921 Zine 2.7
Equatonial Guinea 954 Cocou 715, Timber 185
Rwanda (3280: 947 Coffce 166.6: Tin:17.0
Malawi $170: 91.9 Tabacco (19 .8, Sugar (19,5
Cuba 90.2 Sugar (88.5, Tobacco 0.8
over KO
Burma (3190, 81.2 Rice (43.2) Timber 1 29.0,

over 707
Togo 230, 749
Ethiopia 13110, 1.7

Cocoa 1.0
Hides and skins 16.8;

Phosphate 16.5:
Coftee (61.5,

orer 60

Chad 63.1 Cotton 160.7, Hides ana skins (4.5
Solomon Islands h3.7 Timber 4.0, Copra 136

Nepal s 160 ni3.s Rice 126.04 Hides and skins - 16,9
Central Afr. Rep. 13260 63.2 Coffec (28.7 Timber 25.4.
Tanzama (x290, 60.0 Coftee (29 .8, Cotton '13.3

oeer 507

Guinea 12320, 35.0 Bauxite (52.2: Cottee 2.2

Benin 2260 50.b Cotton 120.7 Cocoat14.2

Burkina Faso 150 50.6 Cotton (45.0. Hides anya skins 4.0
Vanuaty 50.6 Copra (38.4, Cocoa 4.4

Noree Caleulated  terme o pereentace contnibutions to the value of total merchanaise exports
i 19KI-83 U8 doliar tigure atter cach country listed mdicates GNT per capita in 1945
Low-mcomne cconomies are those with GNP per person of SO or fess i [983
TGN per capita in 1983

Sourcec World Bank, Commoarin Frace anmt r10e Frenas, 1986 edin, Washington, DC. 19%6; and
World Bank. Wortd Doz ctopment Repert 1986 and 1987 cdnsy, i World Bank. Washington. DC.
1986 and 1987
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Table 8.3: Lower Middle Income Economies with High Export
Concentration in Primary Commoditics-

Contrioution of 33 mam
commaodines (o totua, Muamn Export Commodine s
cxpores ! R

aver 907

Congo, P.R. (21,110 97.. Petrojcum 93,1 Timber 3.1
Libera 3470 93.2 Iron ore 63,3 Rubber 150
Nigena  $800) 9.6 Petroleum 190.5 Cocoa 1.7

orer 70

Guyana 135800 76.6 Sugar - 34 Bauxite - 29 4
Papua New Guinea (3680 76.4 Copper 36,3 Cotlee (139
Nicaragua (3770) 740 Coftee 24.5 Cotton . 239
Honduras ($720) 718 Bananas 1 28.2. Collee (22,7
Egypt ($610) 70.9 Petroleum *55.8:  Cotton (137
over 60
Syria (11,560) 694 Petroleum 159,81 Cotton (7.2
Ecuador (31,160 69.2 Petroleum 151.8: Bunanas 8.1
El Salvador ($820) 67.3 Coffee - 56.5, Cotton (7.0
Ivory Coust (3660 67.1 Cocoa » 24.2, Cotfee (194
Mauritus ($1,090) 61.8 Sugar ©39.9. Teat L9
Paraguay (3860, 60.9 Cotton 37.0 Timber  17.7
Costa Rica (31,300 60.6 Rananas - 25.2. Coltee 125.0
Chile (31,430 60.0 Copper 46,1 Fish meal (0.0
over 507
Colombia (31,320) 59.9 Coftee 149.2 Bananas 4.6
Indoncesia (3530) 58.9 Petroleum (479, Rubber 3.3
Dominican Republic (3790 58,3 Sugar 380, Coftee 19.1
Mauritania (8420) 57.2 fron ore 547 Fish meal 2.5
Guatemala (31,250, 50.5 Coflee - 28.9 Cotton 16.6

Notess ~Caleulated m terms ol percentage contributions to the value of total merchandise exports
1n 1981-83. US dollar 1ieure atter each country hated indicates GNP por capita i 19SS
Lower middle income economies are those with GNP per person of L6 or less
1985,
"GN per capita in 198

Sources: See Table 8.1
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failure to manage resources sustainably undoubtedlv means increaseg
vuinerability to the cconomic stresses imposed by external debr. Since
1970. external debr as a pereentage ot GNP for these cconomics hae
increased dramatically : See Tables 8.4 and 8.5). Debt servicinz, as both
percentage of GNP and of exports, has also risen substantially in virtually
all of these cconomies. In some cases. debt servicing in 1985 consumed
more than 10 " of export carnings, For these economices, tie abiliry 1o
meet debt repayments for some time 10 come and simudtancousiv induge
turther cconomic development will depend upon continued successty;
exploitation of their resourcs base. Unless this is managed cfticientlv an.:
sustainably, the debt burde-. may become a severe constraint op
development eftorts,

In general, the design ol effecuve natural-resource management
policies tor sustainable development will require more substanuve and
extensive analvses. These analyses must examine the naturai-resource
implications of nacro-cconomic, trade and sectoral policies; better
nationally aggregated and co-ordinated information on the micro-
economic decisions affecting natural resource use (particulariv at the
village, farm and agro-ccosvstem level); and greater investment i
environmental-institution building, especially the development of inter-
sectoral co-ordination. The failure to carry out these analyses may
perpetuate erroncous assumptions about the relationship between eco-
nomic policy objectives and the environment, such as the belief that
export-oriented agricultural development is inherently less sustainable
than production aimed at achieving food sclf-sufficiency.? More impor-
tantly, however, it will lead to the design of cconomic policies that, in the
long run., promote the inefticient usc of both economic and environmenta!
resources.

At present, four important initiatives are being explored that could
make a potentially substantial contribution to integrating sound natural-
resource management principles into all levels of economic policymaking
in developing countrics. These initiatives will be referred to as environ-
mental cost-benetit analvsis, resource accounting, macro-cconomiy
policy-making and applicd sustainability research,

As pointed out by the authors of the classic UNIDO Guideiines. the
main rationale tor conducung social cost-benefit analyses is “'to subject
project choice to a consistent set of general objectives of national policv™.-
As perceptions of national policy objectives in Third World countrics
have changed for example emphasizing the need for scarce toregr:
exchange and countable 1ncome distribution, project appraisal and
planning have expanded to retlect the new objectives. " Consequently, the
recent emphasis on the role of environmental quality and the jong-term
productivity of natural-resource systems in sustaining economic develop-
ment has led to further extensions of social cost-benefit analvses to
include 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 public Detr Service us percentape of
debr® as Ui of GNP GNP Lxporis

1970 198S 1970 J9N3 1970 J98S
over 909,
Zaire (100.0) 9.1 111.8 1.1 7.9 44 5.6
Angola (100.0) X N X X X X
Burundi (98.5) 3.1 39.7 0.3 2.0 23 lo.6
Uganda (98.0) 7.5 X 04 X 29 X
Zambia (96 .8, 36.0 150.5 3.6 1.0 6.3 1u.2
Eq. Guinea (95.4, N N N N X X
Rwanda 194.7; 0.9 19.1 . 0.9 1.2 1.3
Malaw1 (91,9 44.2 75.7 2.2 74 77 N
Cuba 190.2; N N N X N X
over 80,
Burma (81.2) 5.0 42,1 1.0 28 17.2 51.4
over 707
Togo (74.9) 16.2 121.0 0.9 13.7 3.0 7.5
Ethiopia (71.7) 9.5 37.1 1.2 2.2 114 10.0
over 607
Chad 165.1; 9.9 X 0.9 N 4.2 X
Solomon Islands (63.7, x \ 5 N X
Nepal 163.5) 0.5 25 0.3 U3 N 4.0
Cen. Afr. Rep. (63.2, 13.5 44.9 1.7 2.0 5.1 11.8
Tanzania 160.0) 20.1 18.5 1.3 1.0 52 16.7
aver 507
Guinca (55.6, 47.2 70.2 22 3.6 X \
Benin (50.8) 15.2 66.9 0.6 2.2 2.3 N
Burkina Faso (50.6 6.6 46.4 0.7 25 6.8 x
Vanuaru (50.6) X N X X X X

Notes: *Percentage figure atter each country listed indicates contribution of 33 main primarn
commodities 1o total exports as indicated in Table » | Low-income cconomies are those
with GNP per person of $400 or less 1n 1985
“External publiz debe outstanding and disbursed
X = figures not available.

Sources: World Bank, Commoduy Trade und Price Trenas (1986 edny, (Washington DC, 1986,
and World Bank, World Development Keport (1987 edn . - Korld Bunk: Washington, DC. 1987,
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Table 8.5: Debt and Debt-Service Ratios in Resource Dependent
Lower-Middle Income Economies*

Externul public Debt Service as percentage of
debt’ as " of GNP GNP Exports
1970 1985 1970 1983 1970 1985
mer 90
Congo, P.R. 1973 524 86.5 3.4 15.9 X 19.6
Liberia (95.2 19.4 85.3 14 1.7 X 1.8
Nigena :92.6 4.6 17.2 0.6 A3 4.2 30.8
mer 707
Guvana 1 76.¢ % X X X X X
Papua New Guinea 6.2 19.0 0.2 6.0 X 10.4
(764,
Nicaragua «74.0 19.5 185.2 3.0 1.6 10.5 X
Honduras : 71.8, 13.6 68.8 0.9 54 3.1 17.6
Egypi (70.9 231 61.9 4.6 7.8 36.8 30.9
mer 607
Svria (69.4 10.8 16.9 1.7 2.2 11.2 14.8
Ecuador 169.2° 11.8 60.9 1.4 8.0 8.6 288
El Salvador (67.3 8.6 39.6 0.9 5.3 3.6 16.3
Ivory Coast 1671 18.8 88.5 29 9.0 7.0 17.4
Maurinus (61.8 14.7 39.8 1.4 6.6 3.2 1.5
Paraguav «60.9 19.2 35.8 1.8 5.0 1.8 12.9
Costa Rica 160.6. 13.8 105.1 29 13.3 10.0 36.6
Chile (60.0 25.9 9%0.3 3.0 8.7 19.1 20.2
mer 50
Colombia 159.9- 18.5 28.5 1.7 1.3 12.0 29.2
Indonesia 58.9 25.2 32.0 0.9 1.8 B 19.9
Dominican Rep. 138,35, 14.5 58.6 08 5.1 4.4 16.1
Maurttama (57.2 13.9 208.2 1.8 12.0 3.3 19.0
Guatemala (50.5: 5.7 19.8 1.4 23 7.4 213

Notes: ‘Percentace fivure atter each country isted indicares contribution of 33 main primars
commodities to total exports as indicated 1n Table 8.2, Low-middle income economies arc
those with GNI per person of 31,600 or less in 1983
"External public debt outstanding and disbursed.
\ = figures not avatlable

Sources: World Bank. (.ommaodity Trade und Price Trends 11986 edn -, » Washington, DC. 1986
and World Bank. World Development Keport (1987 cdn). 1 World Bank: Washington, DC, 1987,
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project evaluation. which considers only the direct project benetits and
costs, ‘“‘the expanded approach includes the external and environmental
improvement benetits (plus the benetits from environmental protection,
as well as the costs of external and/or environmental damages and of
environmental control measures’.** The basic methodology 1s first to
idenufy and measure the environmental cftects, and then to translate
them into monctary terms for inclusion in the tormal project analvsis.

Extending cost-benefit anaivsis to incorporate the environmental
impacts of projects involves a number of problems. First, phvsical
estimation of environmental effects 15 otten difficult. Secondlv, as most
environmental resources are non-marketed common-propertv goods.
cconomic 1 aluation of their services 1s not straighttorward. Thirdlv, htle
consensus exists regarding metnods for monetary valuaton of intangible
environmental goods. such as the need to preserve unknown species for
their intrinsic value.”

As this expanded approach incvuably 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 is often stressed that
the appropriate discount rate should emerge from the project appraisal
process.* In practice, impertect 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
likelv 1o 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.’? Given the additional
problems posed by environmental risk and irreversible impacts, these
authors conclude that it is generally preferable to adjust the project costs
and benefit values and adopt additional sustainability criteria, than to
adjust the discount rate.

As discussed above and demonstrated in the appendix to this chapter,
in many examples of povertv-induced environmental degradation, the
sacrifice of long-term sustainability tor 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 for fuel rather than for fertilizer. The present
value of the dung as fuel is higher than its value as a soil nutrient, but “‘the
context is one where there is no choice anvwav since there are neither tuel
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
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constramts imposed by environmental degradation rather than the
destred social choice.

The second mmnuatve, usually reterred w0 as resource accounting,
involves adjusting national income accounts to register both the direct
costs inflicted by environmental degradation and the depreciation of
natural capital to allow for losses in future production. ! Although the
navonal accounts record the income carned trom harvesting resource
stocks “e.g., fish catch, umber, meat. cte. .. the loss of future mcome
through dechninz resource stocks and detertorating  environmental
quahity 1s excluded. By allowing for such depreciations in the natural
capital stock. the net contrnibutions ot resource degradation to nauonu
income are much lower and more accurately retlect the Impact on
economuc weltare. Forexample, preliminary estimates of the depreciatiorn
ot the torest stock in Indonesia due to deforestation. forest degradation
and timber extraction suggest a cost of around US £ 3.1 billion in 1982, o
approximatelv 4 " of GDDP. v

Because resource accounting uses the existing svstem of national
accounts, 1t appeals to economic policvmakers. Nonctheless. there sre a
number of limitations on its application. Measuring the stock of cconomic
capital and 1ts rate of depreciation in developing countries is in atsclf
comphicated task. Given the difficulties in quanufving environmental
“goods™. extending depreciation accounting to the stock of ““natural”
capital would prove even more difficult. Some natural resources. such as
torest umber. oil and fish stocks. are more readily counted as discrete
units. Others. such as soils and watersheds. are not casilv measurable a4
stocks.

There 15 also disagreement among some economists over the method o
valuing the depreciaton ot natwral capital stocks. In the standard
cconomic accounung approach. it an environmental asset 15 to be treated
like any other capital asset. 1ts cconomic depreciation should be composed
of two components: the value of its physical depreciation and anv change
in the current price valuation of stocks (i.c.. caprtal gains or losses . Thus
an assct (such as the stock of standing Indonesian hardwoods ) can sutter
some degree ot physical deterioration and still increase in present value.
implyving negatve depreciation or a net caputal gain.** Other cconomist-
argue. however, that international commodity prices for natural resource-
tluctuate dramaticallv with litle rmpact on projected extraction an
production schedules. “*Including unrealized capital gains tfrom naturai-
resource price changes i current income could theretore lead to
significant swings 1 income between successive pertods™. " Thesce
cconomists advocate that depreciation accounung should include onlv the
value of phvsical changes in the resource stock.

Perhaps a more <crious himitation 1 that a resource accounung
approach that limits tself to just one tfunction of an environmental asset
- its production of valuable and marketed raw material - can only cover
part of the cconomic costs of environ.aental degradation. Such an
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approach does not include all ‘thc externality, or off-site. environmental
quality etfects (1.c., the value ot cnxrlroqmcntal assets in assimilating waste
and in providing ecological support for economic svstems and human
welfare).

In Indonesia. for example. the true value of the rorest stock must
include not only its productive value as a commodity but also its vaiue in
supporting other economic activities dependent upon 1ts existence e.g..
husbandry of non-timber forest products, traditional shitting cultivauon.
etc.). It must also include other economic values re.2.. the opuon and
existence values of preserving biological diversity, micro-ciimauc runc-
tions, ctc.. Favourable external impacts on. sav., nerghvouring agricuitu-
ral acuvity (the mamntenance of tertility and cohesion. hvdrological cveles.
ctc.) must also be included. * Together. these values represent the tull
opportunity cost of forest depletion. Theretore, the figure of £ 3.1 billion
for the direct depreciations of the forest stock of Indoncesia must be well
below the full cost.

Yet despite such difficulties, resource accounung 1y a major advance
over the present procedure by which natural capital 15 valued at zero.
Morcover, bv starting to measure environmental values, resource
accounting approaches ensure that better techniques tor measuring such
values will be developed.

Resource accounting could be considered as part ot a large initiative to
design macro-cconomic policies which can correct problems of environ-
mental degradation in developing countries. This is proposed in two ways:

1) through the design of investment programmes SUpporung environ-
mental and natural-resource objectives; an

1 through promotion ot cconomic. social and imstututional poiicies
and mcenuves that intluence the environmentally related behav-
lour of government agencies, Major-resource users, and countless
small-scale resource-using activiues which oceur throughout a
naton’s cconomy.,

The appeal of such an approach 1s that 1t would relv on tradinonal
cconomic tools and concepts. such as marginal Opportunity cost. to
measure the total environmental costs borne by society of resource
degradation and depletion. ™ Morcover, some exisung cconomic policies
in developing countries e,z agricultural input subsidies. 1iscal and
financial inducements for hivestock reaning. and agricultural export
laxaton: mav be encouraging both environmental degradauon and
cconomic nefficiency ** Correcting these policies may theretore otler the
Opportunity to pursue both environmental and development goals.

In designing appropriate incentives for sustamnable development. a
distinction should be made between wser enablimg meentrzes tocused on the
resource user ce.g., changes n land and resource rights, increased
partictpation in decision making and appropriate proiects i policy enabimy
incentives focused on the policymaker and implemenung agencies e,
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institutional strengthening and tlexibility, political conditions); and
variable meennves tocused on price changes facing producers and
consuiners re.g., altering input and output pricing, exchange-rate
modification, 1ax and subsidv reform, adjusting middlemen margins,
ctc.).’* User-cnabling incentives are the main micro-level concerns tor
sustainable development. whereas appropriate policv-cnabling and vari-
able incenuives are the macro-level 1ssues. Working with onlv one set of
these incentives 1s likelv to be inettective. We need at least one policy
instrument for cach objective. As the case studies of Amazoman
detorestation and upper watershed degradation on Java illustrate, the
challenge for cconomic policy 15 to design the right combination of
incentives for a given target group and a given environmental degradation
problein.

The design of appropniate incentives is fraught with difficulties. For
example, 1tis often assumed that getting producer prices in agriculture
closer to world prices will increase the incomes of farmers, which will in
wrn encourage resource conservation investments. The counter-
argument, however, is that price increases encourage switches between
crops but may have no cffect on aggregate output. Farmers mav not have
anextra surplus to invest in resource conscrvation. In addition. in the case
of the upper watershed degradation on Java, the relauonship between
increased profitability of farm-level production and additional invest-
ments in land-management and farming systems improvement is not a
straighttorward one. In general, “‘the current state of research 15 stmplv
not adequate to pronounce on the nature of the linkage from producer
price to agriculzural supplyv response to natural resource eftects’” to
engender confidence over the design of appropriate incentives and
investment strategies. ¥’

Nevertheless, macro-cconomic policies and incentives for natural-
resource management are, in the long run, essential tor sustainable
development. Donor agencies. led by the World Bank, are making a major
effort in co-operation with the governments of some developing countries
to conduct studies of how best to design an appropriate natural-resource
and cconomic-policy framework for sustainable development.i+ As these
studies are indicaung. before anv practical policy gudelines can be
successtully formulated. there 15 a need for substanuve and cxtensive
analvsis of the naturai-resource implications of various macro-cconomic.
trade and sectoral policies 1n developing countries. At the more micro
level, there 15 a need for a greater analvsis of the cconomic costs of
environmental degradation and of the natural-resource allocation deci-
sions by villages and tarmers. This should be co-ordinated and reviewed
consistently at the nauonal level so as to be useful for policv and
investment decisions. -

If sustainable development is to succeed in dealing with these micro-
levelissues, the three inttiatives discussed so tar need to be complemented
by atourth - the applicd analvsis of the sustainability of farming 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 rescarch 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-ccosystem analvsts and rapid rural appraisal
techniques are crucial to this approach.*

An even broader, and more difficult, task is the analysis of the problems
of ataining sustainable and secure livelihouds. For example, rural
livelihoods do not rely exclusively on farming but also on skills emploved
on the farm, in the manufacture of handicratts 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.c., a houschold'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, and
the skilis and resources at their disposal. Sustainable-livelihood analysis
must take into account this decision-making process at the houschold
level, as well as the set of institutions, customs and svstems of rights and
obligations at the community level that determine much of what
individuals and houscholds can and cannot do.*"

These tour initiatives indicate the need for a multi-level, as well as a
multi-disciplinary, approach to integrating sound natural-resource man-
agement atall levels o economic policy making and planning. Sustainable
development cannot be based solely, or ecven largely, on resource
accounting, cost-benefit analysis, macro-economic policy, or farming
Systems rescarch and sustainable-livelihood analvsis. Each of these tuur
initiatives needs to be developed in 1ts own right and in relation to the
other approaches, and this totality of analysis used as the basis for
sustainable development.

Perhaps one constraint common to all these approaches 1s the iack of a
database and the methodology needed to evaluate the impacts of
environmental degradation on the resource base. Current databases in
developing countries, where they are reliable, are disaggregated by
administrative and political boundarics (i.c., region, province, district,
sub-district, etc.). It is often extremely difficult to obtain the samc
€conomic and environmental data by major agro-ecological and resource
System zones (c.g., watersheds, semi-arid lands, uplands, forests and
coastal resource systems). It may be equally difficult to obtain reliable
data on certain key socio-economic groups, such as agro-pastoralists,
nomads, upland farmers, shifting cultivators, indigenous tribes, ctc. In
addition, although valuation techniques for measuring the environmental
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impacts of economic policics and projects have been developed in recent
vears, they have vet to be disseminated and applied extensively in
developing countries. Thus developing the data and methodology
requirements for all levels of analysis in developing countries should be g
major priority.+

SUMMARY AND CONCLUSION

If there is one basic principle underlving the diverse body of knowledge
we call ecconomics, 1t is that there is no such thing as a free tunch. In other
words. there 15 alwavs a cost tor whatever we do. Somchow, conventional
cconomic theory has tended to torget this when considering the tunctions
that the environment provides tor cconomic activity and human welfare,
The message of this book is therefore justa simple reminder to economics
of one of its basic principles: it the environment is being increasingly
exploited for one set of uses (sav, to provide new sources of raw material
and energy inputs and to assimilate additional waste), the quality of the
environment may deteriorate. The consequence is an increasing relative
scarcity ot essential environmental services and ccological functions.
Morcover, in circumstances where ecological stress is extreme, which is
more likely in resource-poor environments where ecological processes are
fragiic and highly variable, environmental degradation over time may
posc an absolute constraint on economic-environmental svstems.

This proposition may scem simple. However, like other simple
observations, further exploration reveals more complex vet highly
instructive insights. In developing this theory - or alternative view - of
natural-resource scarcity, this book has explored its relationship with
carly economic theories of natural-resource scarcity, non-cconomic
intluences, and more conventional views of resource and environmental
probleras. The conclusion is that this alternative view 1s applicable to a
new class ot problems arising trom environmental degradation that have
not been adequately dealt with by conventional economic approaches. In
additien, this alternative view provides insight into the type of economic
strategies required to tackle the new class of problems of environmental
degradation. Thus, the second part of this book examines three examples
of environmental degradation - the global greenhouse eftect, Amazoniar:
deforestation and upper watershed degradation oa Java - in order to
illustrate the type of scarcity effects that can be explained by the
alternative view and to indicate the type of policy responses that such
problems require. Although the policy tools and instruments - variable or
price incentives, user-enabling incentives, policy-enabling incentives and
direct investment programmes - are the standard means for dealing with
any economic problem, only the right combination of these is appropriate
foragiven problem of environmental degradation. The alternarive view of
natural-resource scarcity, as developed in this becok, not enly provides
insight into the cconomic conscquences of environmental degradation but
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also provides the rationale and the guidelines ror an appropriate economic
policy in response 10 these consequences,

The basis of this ra‘tonale is the need for environmentally sustainable
development. As this chapter makes clear., the concept of sustainable
economic development has to be carcfully exammed, and has different
implications for the advancer! industrialized economies compared with
the developing economies. On the other hand, an cconomics of sustain-
able development must naturally emerge trom turther explorations of the
type of scarcity efiects that concern the alternative view and from the
analysis required for designing approprate cconomic strategies 1o
overcome the problems of environmental degradation thar unaermine
cconomic sustainability.

The overall message of this book is that it the sustamnability of the
ecological processes underlying economic aeuvity Is recognized to have
value, then sustainability must be explicitly included as one of the
objectives to be pursued by economic policymakers and planners.
Undoubtedly, the pursuit of sustainable cconomic development will
require reconciling crucial trade-offs - not the least being the trade-off
between resource-using economic growth and appropriate resource-
Mmanagement objectives. As “no one model provides the means tor
understanding how the ends of both cconomic growth and ecological
sustainability might be achieved”, " perhaps an important contribution of
this book is to try to explore and model this trade-off a bit more rigorously.
Mavbe future explorations will develop this theory and empirical analysis
further 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 tor
an economy faced with the choice of operating under the three long-term
biophysical constraints: harvesting of rencwable resources within their
natural and managed rates of regeneration; extracting exhaustible
resources 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 within the assimilative capacity of the
environment. The analysis will be based on a modified and extended
version of the model developed by Forster, which examined optimal
cconomic growth under one of these constraints, namelv that waste levels
should not exceed the assimilative capacity of the environment °

The key to this model is the assumption that at any time t, the rate of
environmental degradation S, is equal to any flow of waste emitted from
the economic process W, in excess of the amount of waste assimilated bv
the environment A; plus the flow of renewable resources harvested from
the cnvironment R, in excess of the (managed or natural) biological
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proauctivity of these resources G: plus the tlow of exhaustible resources
extracted trom the environment E:

S=W-A - R-Gi+E, el
where 1\W' - 4 =0if W = 7
and R+ E -G=0il(R+E, =G~
Since resources are extracted and harvested and wastes are emutted by
the economic process to provide consumption (., it is assumed that:
W=WC N Co, W o
R=RiC.,R"C 0.R%C, -0
E=EC,EC 0,ENC, 0.

to

Similarly, it X is some measure of environmental qualitv. then it is
assumed that the amount of waste assimilated and the biological
productivity of the environment are both increasing functons of’ N

A=ANLAY 0,A™N 0 (3)
G =GN35, GVXL -0, GUX) 0.5
Substituting (2) and '3} into 1. vields:
S =[WiC)+R C +EQ)] - [AX) + G(X)) (4)
=N(C - QX
where N(C, indicates the Increasing environmental degradaton resulting
from the various resource demands of the economic process and QX i can
be thought ot as the environmental resilience in the face of these resource

demands.
Given 25t is assumed that:

NICIZ0,NC -0, NG 0, C - ¢ (3)
N(Ci=0,C= (.

where C is the level of consumption where the cconomy is consuming

accumulated resource stocks, with pollution abatement ensuring that W’
=0. Hence, an economy at consumption level C is making no additional
resource demands on the environment. B

Similarly. from 13 it is assumed that:

QX 0.QYN 0,QXi <0, XX (61
QUX1=0.X X,

where X is the minimum sustainable level of environmentat quality. That
is, if environmental quality falls below X, ecosvstems are no longer
capable of assimilating waste and generating biological productivity,
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Finally, it is assumed that there is an inverse relationship between $ and
X; ie., if environmental degradation is Increasing over time, then
environmental quality must be falling:

X =-aS (7
a[Q(X) - N(O)).

Itis now assumed that social welfare at any pointin time is measured by
a strictly concave utility function U ot current C and the current stock of
X:

U =U(ICX, 81

with U 220, U 20, U, >0, L. Z0,U.=0,limU = =<,
C—-0

and lim U = .
X—-0

Equations (1) and (7) were deliberately constructed to reflect the
criteria for sustainability, that of observing the biophysical constraints.
That is, 4 minimum condition for an cconomic growth path to be
sustainable over the long run is W= A and (R + E) = G, which ensures that
no environmental degradation will occur (that is, § = 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 1) and (7) also indicate. however, that as long as some
:nvironmental degradation is continuing to occur, environmental quality
#ill decline. Equation (6) suggests that there 15 a lower limit to
:nvironmental quatity. If X is driven below X, environmental degrada-
ion will have destroved the natural clean-up and regenerative processes
n the environment. This is tantamount to an environmental collapse, and
:conomic growth leading tosuch a collapse can be said to be environmen-
ally unsustainable. Nevertheless, there may be conditions under which
ociety mav have no choice but opt for an unsustainable growth path.

The purpose of this model, theretore, is to examine the optimal
onditions Icading to sustainable versus unsustainable cconomic growth.
siven a positive rate of time preference r, the planning problem is to find
dlutions which will

max Ser vie.x) (9)
subject to X = a[Q(X) - N(C)],
X(0) = X,, X(c/ free.

Given the continuous function (1), the Hamiltonian of the problem is:
H=e (JU(CX) + Pa[Q(X) - N(C)]} . (10)
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The first-order conditions are:

dH_ . ol '
Se= U -DaNt =0, i
or P=U /aN" " (.

- dH _ .. : 1
I’-—r’-’--‘dT="L - PaQ, 1
orI"=[r-le‘]P— U.. and

X = 2fQIX. - NIC]. b

Prtiis the costate variable. which can he interpreted as the socal value, ¢
shadow price, of environmental quality. Condition (11) gives C as a
explicit function of P with:

4C__ax

dl* U -aPN™

From (12) and 13}, the behaviour of the system from any initial poir.
(X., P,), is governed oy

~A. 14

P = 0 iffr-aQ)P = U, 15

- o
~

X = 0 QX = N(C. 16

One possible conriguration of the phase diagrams of these cquations
given in Figure 8.1. Note that:

lim P = lim U/C.X3 _UiCoi 17
X—=0 X=0 X0
C=C aNYC, aN"C)

Also. the X =0 curve and the trarectories in Figure 8.1 are kinked at X =
X.since Q" is not continuous at this point. The slopes of the stationary loc-
are given by

P _apQUeU s
dX' P T Trag 0. .

dp- a0

dX' X=0 ~aNJIC/dP

In Figure 8.1, (Ny"P\*iand (X.*.P.*) are stable equilibria, wherea-

0. (19
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Figure 8.1: Multiple Equilibria Solution to Fhase Diagram

(X,*.P,*) is totally unstable. If X. > X,*, then the optimal policy is to
select P, so as to place the ¢conomy on a growth path that ends at the stable
equilibrium (X ,*,P,*). This represents environmentally sustainable
growth, given the assumption that if X = 0 and X > X, then biophysical
constriants are being observed. If X, = X,*, then it 1s optimal to remain at
Xy*forever. If X, <) (;*, assuming sufficiency conditions are satisfied for
the non-concave region, then the growth path of the cconomy heads to
(X,*P,*). However, this growth path is unsustainable, for on the one
hand, the assimilative and regenerative capacity of the environment has
been destroyed, and on the other, the cconomy is forced to consume
existing internal resource stocks. Eventually, the latter will be consumed
and the economy will collapse.

Thus, with a low initial level of environmental quality, environmentally
unsustainable cconomic growth may bz an optimal strategy. Since the
benefits of increased consumption occur in the present whereas environ-
mental degradation and collapse is a future problem, this strategy is made
optimal by a high rate of discount on future utility. Consequently, both
the initial level of environmental quality as well as the rate at which future
utlitics are discounted are significant factors in determining the optimal
choice between sustainable and unsustainable growth as one would
expect.



210 Economics, Natural-Resource Scarcity and Development

P
aN'tCl

_wico| U
)

P=0.r

pot ‘—l

I b e e m - e - -

Figure 8.2: The Effects of Changes in r

[tis apparent from (15) that an increasc in the discount rate would have
the effect of shifting down the P =0 curve. As shown in Figure 8.2, the end
result may be a unique equilibrium, but one that only allows unsustaina-
ble growth i.c., X,* < X). In contrast, lower discount rates would shift
the P =0 curve up, leading to a unique equilibrium of sustainable growth
(i.c., Xo* > X). These results appear to confirm the conclusions of Forster
of 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 not
independent of the historically given level of environmental quality, X..
Note thatin (15}, for P =0 it 1s a requirement that r .- aQ". Given the
propertics of Q'X) 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, theretore.
the initial level of environmental quality iafluences choice of r and
imposes a lower limit on any changes in r.
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As W 15 total waste trom the economic process and thus compriscs waste from
exhaustible resource extraction, trom renewable resource harvesung and production
and consumption, 1t may appear thatequation | 11s double counting. Butequation ¢ 1

15 not accounting for the flow ot material through the economic svstem but tor the
total impact on the environment 11.c. the “composite” resource base) of the waste
generation and resource depletton created by the cconomic system. For example, a
forest might be depleted faster than it rate of regencration, whereas the total waste
generated by the harvesting plus production and consumption of the wood products
might not exceed the assimilative capacity ol the environment. Looking at the total
impact on the environment of this economic activity would theretore require
accounting for both the impact ot the total waste generation rwhich 1s negligible in this
caser and the impact ot the harvesting - which 1s signiticant.

Note that, as stated. cquation | 1« svmmetrical: that s, 1f the bophvacal
constraints are observed e . W Aund R+ E Ganthe long run . then the rate
of environmental degradation will be zero or there mav even be anamprovement in
environmental quahitv, These ettects will be made more exphicit later 1 the model
However, tt1s worth nothing that observed environmental impacts are more hkelv to
be asvmmetrical; Le.. in some economic-environmental svstems, it mav take a long
time before observation ot the brophvsical constramts teads to anv improvement (n
cnvironmental quahitvy, whereas failure to observe these constramnts mav cause rapid
cenvironmental degradation
“Environmentai quality” 1« detined as 1 Chaprer 5 That i, following Becker, op
at., and Miler, op. cit.. it 1s assumed that environmental quahty s measured by
stock of environmental goods that vield a fow ot services proportional to that stock
In each time period. However, Becker detines this stock variable as “the difterence:
between the level of pollution tor which life ceases and the current level ot pollution’
Simulariv, Miler's mtertemporal models consider onlv the quahity and tlow ot waste
residuals and recvcling to have an unpact on environmental quahty, Here 1t s
assumed that environmental quality mav be attected not onlv by neti waste
Eeneration but also by resource depletion, as both of these mav contribute to
environmental degradation i’ biophysical hmits are exceeded { See cquation ! - This
implies a fairly broad. but perhaps more realistic, concept of the stock o!
envirenmental goods. For a given tvpe of ccosvstem with 1ts associated energy tlow .
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55.

a measure of environmental quality may include tin addition to Becker's definstion)
the ecosvstem's biomass (1.¢., the volume or weight of tota living matenal founy
above or below ground; plus some measure of the distribution of nutrients and other
matenials between the biotic (hving) and abiotic tnon-living) components of the
ecosvstem.

- As the previous note indicates, the concept of environmental quality adopted by this

model is fairlv broad and essentially synonvmous with the entyre stock of environmen-
tal goods. The three basic tunctions, or services, of this stock are the assimilation of
waste, the production of materiat and energy inputs tor the economic syvstem and the
provision of amenny, life support and general ecological services, This allows the
model to assume that, tor all intent and purposes, A and G are increasing functons
of X.

Forster, “Opumal control", op.cit.
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