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Preface

A number of term papers prepared for Agricultural and Applied

Economics 8-264 during the fall of 1981 were of high quality. For

several of these papers the students were willing to rewrite the papers

for a more general audience. These papers are being issued in the Staff

Paper Series of the Department of Agricultural and Applied Economics.

This paper by Pedro Telhado Pereira provides some important insights

into the special problems of irreversible changes in natural environments

for developing countries. He argues that the developed countries will

have to assist developing countries if the latter are to preserve their

natural environments.

November 3, 1982 K. William Easter Lee R. Martin



INTRODUCTION

Ecological equilibrium is a problem that is beginning to attract

the attention of a greater percentage of the population and is a problem

area where considerable economic research is still needed. Richard G.

Wilkinson argues that development proceeds until the $ociety creates

a new ecological niche which brings back harmony with the available

resources. His view is that development is “primarily an attempt to

increase the amount of the means of subsistence the environment can

provide.” (Wilkinson, 1973, p. 83) The question of ecological equili-

brium arises as a result of the feeling that the ecological niche to

which the Industrial Revolution brought us is not always in harmony

with the natural environments.

Robert A.’Flammang in his paper concluded that growth and development

are different processes, that they are complementary in the long run but

competitive in the short run. (1979, p. 47) Here the question of irrever-

sibility appears and, in some cases, growth and development can be competitors

in the long run.

The paper is divided in two sections. The first section discusses

the main issues in the literature while the second section considers the

issues in terms of the developing countries which still have datural

environments to preserve. The second section includes a forecast of what

the reality is likely to be and what would be a more efficient alternative.



The economics of

Economics of Natural Environments

natural environments--to be understandable--needs

an explanation of why natural environments are important. Science is in

a state where it is difficult to forecast the path of new discoveries

and where the scientists are going to find the sources for their dis-

coveries. That is why natural environments are considered to be impor-

tant as an untouched source where the scientists can find new fields

of research. Preservation of natural environments for scientific pur-

poses is the most important reason for conservation, but there are

others.

Krutilla (1967, p. 779) argues that we have to decide among 1) the

use of the area for recreation, or 2) scientific research; these would

not destroy the natural environment; and 3) extractive activities which

would have adverse consequences for the scenic landscape and the wild-

life habitat. Natural environment has no close substitutes while

technology can create close

Mankind has extracted

animals, but we do not know

us. Animal life holds much

substitutes for natural resource comuibdities.

a great many medicines from plants or

how many secrets nature is still hiding from

information we can learn in the future that

can improve the quality of our lives. Destroying natural environments

means destroying some of the opportunities for learning in the future.

This destruction is sometimes an irreversible process. For instance, by
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killing the last mating pair of a species, we have destroyed all the

genetical information they contained. We have to understand that the

term to kill is not a deliberate action but often means not protectitig

the habitats necessary for survival of a species. Some people argue

that these situations are extreme situations and disappearanceof some

species is a natural phenomenon that began co occur long before man

appeared on earth.

The natural evolutionary processes took centuries or even thou-

sands of years and species disappeared because they could not adapt

themselves to the changes in their natural surroundings. At the same

time new species were appearing which were able to adapt to the new

environment. With the appearance of industrialman$ this process was

completely changed and the disappearance of species proceeded more

rapidly with no biological justification;man is the new predator that

other species were not well prepared to protect themselves against.

Another good reason to conserve the natural environment is to

keep available opportunities for people to enjoy themselves in close

contact with nature. As Krutilla points out: “When we consider the

remote backcountry landscape, or the wilderness scene as the object

of experience and enjoyment, we recognize that utility from the

experience depends predominantly upon prior acquisition of technical

skill and specialized knowledge.’” (Krutilla, 1967, p. 782) That means

that the experience of this generation will increase the demand for

natural environments from the next generation, and so on into the

future.
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Technology will increase the supply of man-made commodities in

relation to the natural commodities. This will increase the marginal

utility of the second compared with the first. “It is improbable that

technology will advance to the point at which the grand geomorphologic

wonders could be replicated, or extinct species resurrected.” (Krutilla,

1967, p. 783) Therefore we have an inelastic supply of natural environ-

ments while the supply of fabricated goods and services is relatively

elastic, because they are reproducible.

There is a growing demand for outdoor recreation in natural

environments and this demand is positively related with the previous

experience of the demanders. It is positively related with the income

per capita in industrializedcountries because many people do not have

to worry about survival and have more leisure to enjoy nature.

Economists when making their studies about the different pos-

sibilities of investment have to realize that some of these investments

will influence the natural environments in ways that are irreversible,

changing not only their geomorphology but even worse, changing the

ecological equilibria that oticeexisted. “It is desirable to dis-

tinguish two kinds of environmental costs. One is pollution . . . The

other is the transformationand loss of whole environments as would

result, for example, from clear cutting a redwood forest, or devel-

oping a hydroelectric project in the Grand Canyon.” (Fisher, Krutilla,

and Cicchetti, 1972, p. 605)

The idea of irreversibilitymeans that the system will be changed

in such a way that to restore it to the original situation would be
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technologically impossible or would be so expensive or take so long

that it would make no economic sense; there is a loss in perpetuity.

“consider the conversion of a wilderness ecosystem to meet the demands

for the output of extractive industries. If the environmentalmodi-

fication results in the elimination of essential habitat for a given

species, e.g., the passenger pigeon or the grizzly bear, restoration

is impossible - or at least incomplete without the fauna dependent

on the original plant associations.” (Krutilla and Fisher, 1975,

p. 43) Sometimes the destruction is even worse and the restoration

of flora is impossible and the whole living system is not restorable.

“Environmentalmodifications that affect the abiotic base are even

more difficult to contend with. If the basic geological and soil

conditions are adversely affected, replacement by perhaps more prim-

itive biotic communitiesmight occur eventually, but restoration of the

original biological environment will not be possible in anything like

a time span that is meaningful for human societies.” (Krutilla and

Fisher, 1975, p. 44)

It is difficult to accept the desirability of trying to construct

environments similar to natural ones so that people think they are en-

joying a real Contact with nature. When people accept these kinds of

alternatives it is the result of not having the opportunity to enjoy

the real thing and they have to accept whatever substitute is available.

The comparisonwith the visual arts is the most common example pre-

sented in the literature. (Krutilla and Fisher, 1975, pp. 45-46;

Fisher,,Krutilla,and Cicchetti, 1974, p. 1031) A similar example
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would be all the imitations people have in their homes because they

cannot afford the original; this means a boundary in utility as a result

of the budget constraint.

There is a growing population of ‘purists*among the users of

wilderness; this group insists on contact with the natural environment

in its pure state. Even believing in the possibility of great tech-

nical change, I do not believe there is a realistic possibility of restoring

natural environments in a way that can satisfy the ‘purists’,or meet

the needs of the scientific researchers. The importance of the

remaining natural environments is growing as man goes on destroying

them, because each year they are becoming more scarce when we compare

them with the man-made reproducible products.

So economists need to take into consideration all the benefits

of conserving natural environments when they make their studies. Only if

this information is provided will the decision maker have a complete

view of the impacts his decision, to invest or not to invest in “development”,

will have on the particular natural environment. There is no speci-

fic market where the demand for natural environments is completely

expressed. From our discussion so far we can see that therd are three

main types of demand for a natural environment: 1) the demand by those

who will spend time in the natural environment in the near future, and

therefore can express their intention in the market, even if they

express their demand in a distorted manner due to the public goods

aspect of this service; 2) the demand of all who consider themselves

or their heirs as potential visitors to these natural environments and
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who want to preserve the possibility of enjoying them in the future

(option demand); 3) and the most important, the demand for scientific

research. This demand is going to depend on the evolution of science

and it cannot be foreseen very far in advance. “We are coming to realize

that consumption-savingbehavior is motivated by a desire to leave onets

heir an estate as well as by the utility to be obtained from consumption.

A bequest of maximum value would require an appropriate mix of public

and private assets, and, equally the appropriate mix of opportunities to

enjoy amenities experienced directly from association with the natural

environment along with readily producible goods.” (Krutilla, 1967,

p. 784)

As we see in point two there is an option demand which is

characterized as a willingness to pay for having the possibility to

enjoy a natural environment that is impossible to restore and has no

close substitutes. The natural environment “may be thought of as

producing two outputs: services of an individual-consumptionsort to

actual users, and stand-by, or option, services of a collective

consumption sort to non users . . . (Weisbrod, 1967, p. 474) if these

consumers behave as ‘economicmen’ they will be willing to pay some-

thing for the option to be able to consume the commodity in the

future.” (Weisbrod, p. 472). This option demand is difficult to find

expressed in the market, but is a reality that must be accounted for in

our economic calculations. There is also a “quasi-optionvalue” which

is the valueof information that is likely to be obtained from waiting

to construct a project. (Howe, 1979, p. 321) This value may be very
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important because of the irreversibilityof the investments and because

of uncertainty in regard to costs and benefits.

All three kinds of demand appear to be growing but without

having concrete measures of their full importance, we have to rely on

partial measures. The first two kinds will increase with income and

population while the third will never decrease because as better

techniques are developed, the more research opportunities the scien-

tists will have.

This knowledge has been incorporated in a model by Krutilla

and Fisher among others, (Krutilla and Fisher, 1975, pp. 50-57;

Fisher, Krutilla and Cicchetti, 1972, pp. 606-610; Fisher, Krutilla,

Cicchetti, 1974, pp. 1031-1033; Cummings and Norton, 1974, pp. 1022-

1024) As Krutilla and Fisher (1975) argue, extraction is irreversible

in two senses: first because it gives rise to “user cost” (increase

in the cost of future extraction) and second it implies a loss in

perpetuity in value from the natural environment in its pure state.

At each point of time the economic decision maker has to decide

what level of investment he wants to make, and particularly which

investments are to be made. We know that the benefits of preserving

the natural environment are growing with time and have to be compared

with the benefits that result from their extractive uses. The net,

benefits of a particular investment have to be related to the net

benefits of the investment that produces the same output but in

another location where the natural environment is already destroyed

and cannot be restored. We assume that in the latter case, there
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will be no benefits of preserving the natural environmetit.The surplus

of net

second

site.

benefits of the first investment over the net benefits of the

investment is a measure of the preservation benefits of the

This surplus of benefits will increase over time because

organizational efforts can be made to increase the productivity of the

investment where the natural environment is not so valuable or has no

value.

Investment Criteria

In the economic literature there are two principal procedures

evaluating the different investment options: 1) first the present

for

discounted value of benefits over costs, and 2) second an intert@mPoral

social utility function. The procedure for maximizing either one will

give the same results if we assume a similar world with perfect com-

petition. * . . . the present value criterion tends, more or less, to

mimic what the market automatically does. In this sense the present

value criterion is an intertemporal version of the efficiency cri-

terion.” (Page, 1977, p. 163) The results are similar in both

approaches and the main conclusions presented are given below. (Fisher,

Krutilla and Cicchetti, 1972, pp. 607-610; Fisher, Krutilla and Cicchetti,

1974, pp. 1031-1033; Cummings and Norton, 1974, PP. 1022-1024)

Assuming that the investments are irreversible it will be optimal

not to make the investment even when it presents a positive discounted

value if in the future a lesser level of development would be desirable.

Not investing in the present does not mean that in the future with

different information the investment cannot be made. Hence there is
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an asymmetric aspect in the investment decision. Deciding to invest is a

decision that is irreversible and will be imposed on future generations.

This problem of equity between generations also appears when

choosing the discount rate to use in calculating the discounted value of

the investment. “Pigou and Ramsey, thought that the ltelescopicfaculty!

which led people to discount future well being was a form of moral

weakness.” (Page, 1977, p. 149) There is no agreement among econo-

mists when it comes to discounting and an even greater disagreement

exists about the magnitude of the optimal discount rate.

Pigou felt that thristate should take some action, perhaps

through a discount rate lower than the marginal productivity of capi-

tal in the private sector to remedy our “defective telescopic faculty”

(Fisher and Krutilla, 1975, p. 359) where the use of exhaustible natural

resources was concerned. Fisher and Krutilla (1975, p. 359) argued

,,
● .* attempts to tinker with an otherwise appropriate social dis-

count rate are at best arbitrary and are in fact likely to result in

more rapid exploitation of at least some of these resources, as well

as particularlywasteful use of what we will define as environmental

resources.“ The present generation has to decide what future generations

are going to be willing to pay for the possibility of having undisturbed

natural environments available to them. This is a very difficult task

because there are only limited possibilities to negotiate with future

generations. The decisions have to be taken in situations of uncertainty.

(Krutilla and Fisher, 1975, p. 63; Arrow and Lind, 1970, pp. 364-378)
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Preservation in Develop!LngCountries

As pointed out

natural environments

in the first section, the most important reasons why

should be preserved are those related to scientific

purposes. However, the benefits of advances in sciences are a common

property of mankind and do not belong just to the countries that have

decided

natural

country

to preserve their natural

environments of a country

that made the discoveries

environments. If research into the

brings new scientific discoveries the

will probably share them with the rest

of mankind.

“’Thenew have-nets, like the old, perceived that their diffi-

culties lay in the inadequacy of the range of resources at national

disposal . . . the new have-nets, most of which exported raw materials,

perceived their want of manufacturing industry.” (Rhmner, 1979, p. 321)

Industrializationappears to be accepted as a primary goal by the developing

countries, and their governments accept many investment projects that

are likely to destroy or damage some of their natural environments. The

economic benefits of these projects are easier to perceive than the costs

of destroying the natural environments,which do not appear in the short

run. The objective of becoming a member of the group of industrialized

countries prompts the governments of developing countries to choose

irreversible projects without adequate analysis of the long-run effects.

A large number of the developing countries have not had much
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with the process of industrializationand some have not yet

demographic pressures. They have conserved a large proportion

of their natural environments and are in this respect in a better position

than the developed countries. This is the case for the newly indepen-

dent countries that were formerly Portuguese colonies. The decision

makers of these poor countries must soon decide which new projects to

implement and which natural environments to

M. Roemer in his paper (1979, p. 180)

to accept environmentaldamages may achieve

countries which are not willing. Countries

preserve.

argued that countries willing

a competitive advantage over

that take into account the

importance of preservation of the natural environment will not implement

some of the most profitable private investments because they damage the

natural environment. Profitability of these projects is often decided on

the basis of the costs and benefits to a firm. By not implementing them

these countries may experience a competitive disadvantage in the short run.

,,
. . . to seek to attract industry at the expense of environment might

cause damage that is more costly to undo than to prevent . . .“”(Bfandt,

1980, p. 115)

When there is an irreversible destruction of natural environments,

there is not necessarily a compatibility between growth and development

even in the long run. This contradicts the statement of Flammang (1979,

p. 49) that growth and development are always compatible in the long

run. Generally when discussing projects that destroy the natural

environment people refer only to the positive aspects of the project,

for instance, the increased income and employment. What people forget is
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that sometimes the increase in Income does not compensate for the damage

a society suffers in the future from destruction of the environment.

This is particularly apparent in the lower-income groups of

society that are less able to adapt and protect themselves against

changes in the natural environments. They have knowledge that was

transmitted from parents to children for centuries and they are limited

by this background. Their learning is not based on the discovery of

the causes for the different facts, but is learning by imitation. This

does not prepare them for changes in the environment. If the decision

maker wants to evaluate the preservation value he has to take this fact

into account. It is very difficult to express preservation values in

economic terms because those groups of the society who have always lived

in direct contact with the natural environment do not perceive it as a

scarce resource. They have no basis for comparison.

This is even more difficult if”these groups of society are not

accustomed to monetary exchange and live in an economic environment of

pure exchange or autarchy. We have to exclude the case of natural

environments that have value for religious reasons. Their destruction

cannot be compensated for and has to be protected by force of law.

Among the reasons to preserve the natural environments art!those

related to the demand for contact with the nature in its pure state.

The desire for contact with natural environments is supposed to be

directly related to income. As income rises the demand for contact with

natural environments tises. However, this demand is positively related

with income per capita because both are related to urbanization and to
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the stress of industrial or post-industrial life. In other words it is

urbanization that is directly related to the demand for natural environ-

ments and not just to income. The need for natural recreational areas is

the result of growth in urbanization in the industrializedcountries

where the harmonic relationship between man and nature is being destroyed.

There can be an alternative process of growth for the developing countries -

a process of growth which maintains harmony between man and nature which will

reduce the need for natural

man-nature relationship and

in the second or third rank

recreational areas. In a global model the

the conservation of natural environments appear

of ituportance. (Rojas Gomez, 1981)

But even supposing that there is a direct relation between demand

and income per capita, the developing countries, if they cannot manage

to increase their income per capita, are still going to have a very low

demand for natural environments for recreational purposes. This means

the demand is going to be close to zero for many countries in the near

future.

The potential internal demand for natural environments can be

divided into three groups. First those people in the countries who live

and work in natural environments. Second

natural environments but have low income$.

those who do not live in

Third those who do not live

in natural environments and have high incomes.

A large percentage of the population of developing countries live

and work in natural environments. Since this group is already in con-

tact with natural

They have a large

environments they do not place a high value on it.

supply of the resource and therefore do not consider
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it to be scarce. The second large group of people are those low inc~lne

people who do not live in contact with nature. Because they have low

incomes, their main worry is survival. They

the natural environments because they do not

enjoy them.

cannot realize the value of

have the opportunity to

In many developing countries there exists a very

bution of income. In these cases there is an internal

environments, especially for recreation from the third

unequal distri-

demand for natural

group with higher

incomes. These

internal demand

foreign demand.

The demand

come mostly from

countries is not

Iominantgroups are a small

For natural environments is

minority and therefore the

still small compared to the

for scientific use of natural environments will also

the developed countries. Science in many developing

very well advanced and there are limited economic re-

sources to devote to research.

Economic analysts in the developing countries need to try to

estimate the foreign demand for natural environments. However, this

task is more difficult than the task of finding values for the domestic

demand and it is a field where work is urgently needed.

Assume that values can be estimated for all the benefits of preserving

the natural environments. The present value of the proposed development or

project will be quite different depending on whether or not it includes

only internal benefits. There are many projects that would be implemented

if consideration is given to only the benefits and costs for the parti-

cular country that is considering the project. But many of them should
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not be implementedwhen we consider the benefits and costs for all man-kind

for all time.

Another problem that appears in the international comparison is the

difference in the discount rate between the developing countries and the

industrialized countries. The former have to give more consideration to

the present than the latter. Therefore the discount rates are going to

be higher in the developing countries (remembering from the first section

that the benefits of preserving are an increasing function of time). This

means that these future preservation benefits will make a smaller contribution

with a higher discount rate. Consequently, developing countries will

implement projects that are going to reduce the welfare of mankind as a

whole. The benefits of preservation, which are going to be more important

far into the future, will have much less weight. Projects which would

have significant preservation benefits will tend to be ranked below those

that have mostly development benefits.

The uncertainty in the results of development projects implemented

in the developing countries is great. Much of this uncertainty results

from the international aspects of the project rather than from the internal

uncertainty which the decision maker has some control over. For a discussion

of this problem in the case of water resource development see Howe. (1976,

pp. 939-955) This fact in conjunction with the weak statistical and in-

formation systems in many of the developing countries make investment analyses

and decisions very difficult.

If decision makers could shift part of the project costs to other
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countries they might be more willing to consider projects which main-

tain natural environments. In other words, for implementing a more

efficietitpolicy costs must be shared since benefits would be shared.

The industrializedcountries are going to react as almost all

users of public goods do by trying to convince others that their bene-

fits are smaller than they really are. Therefore, in the direct ne30tia-

tion there appears to be a need for a supra-nationalentity to help resolve

these conflicts. The monetary compensation that a poor country may

receive by pursuing a policy of conservation is uncertain, and may even

cause a smaller increase in the income per capita than the increase that

would have resulted from implementing development projects.

If decision makers do not believe that significant compensation

can be obtained from other countries, they are likely to consider only

the internal benefits. The destruction of the natural environment is

likely to be greater thah the global optimum and impose a burden on the

future generations in all societies. Under an optimum system future gener-

ations of a country should be better off if the project is implemented and

this is the principal goal of the decision maker.

The cooperation bdtween countries in conservation does not depend

only on governments. Private foundations may have an important role

in providing compensation to developing countries who maintain natural

environments. The preservation of the natural environment is going to

depend on cooperation and on whether decision makers of developing countries

feel it is going to be effective.
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Conclusion——. .-..—----

“The strain on the global environment derives mainly from the growth

of the industrial economies, but also from that of worldts population.”

(Brandt, 1980, p. 116) Developing countries cannot use the same kind df

reasoning as the industrializedcountries do because the main benefits

of preserving natural environments are going to go to people outside the

country and in preserving them they may be lessening the opportunities

of increasing the income per capita.

Natural environments in developing countries have a value that is

real but cannot be evaluated because of its public goods characteristics.

Until now, the industrializedcountries have been free riders. However

the destruction of natural environments has reached such ahigh level

and is likely to impose such a heavy burden on the future that compensation

may be necessary to arrest the destruction of these natural environments.

In cases where compensation is not the complete solution, the

industrialized countries will need to help the developing countries find

ways of ending the destruction of natural environments. Developing

countries need to act selfishly and join together to help

countries recognize the value of the natural environments

countries possess.

The opportunity value of these natural environments

value of the investments the developing countries did not

the developed

the developing

is the actual

implement and
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which would have destroyed the environment. This is what the developing

countries are giving to the other countries (especially the industrialized

countries) without asking for compensation. It is time for industrialized

countries to start paying for the benefits they are receiving or will receive

in the future from preservation actions taken by the developing countries.
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