North-South Trade and the Global Environment

By GracicLa CHICHILNISKY ™

Differences in property righis create o modive for wade among otherwise
identical regiony. Two regions with identical rechmologies, endowments, and
preferences will wrade if one, the South, has ill-defined property rights on
entiranmenial resources. Trade with a region with well-defined properoy vights
transmits and enfarges the problem of the comumons: the North ocerconsumes
underpriced resaurce-intensive products imported from the Sowth, Thiv oconrs
eren though trade equalizes alf prices, of goods and factors, worldwide. Taxing
te use of resources in the Sontl is unreliable as it can lead 1o more overextrac-
tivnt, Property-rights policies may be more effective. (JEL AL3, F10, FO2, K11,

O10, Q20)

Why has the global environment emerged
4% 4 Morth—-5outh issue? There is wide-
spread eoncern about international prob-
lems such as acid rain, slobal warming, bio-
diversily, and the preservation of the world's
remaining rain [orests. In June 1992, one
hundred nations agreed at Rio de Janeiro
to comsider a treaty linking environmental
policy o cconomic issues of interest to in-
dustrial and developing countries, such as
the remission of international sovereign debt
and transter of technology.

In order to develop adequate environ-
mental policies one needs to understand the
connection between markets and the envi-
ronment, Why do developing countries tend
to specialize in the production and the ex-
porl of goods which deplete environmen-
tal resources such as rain forests (see
Chichilnisky and Geoffrey Heal, 19917 Do
they have a comparative advantage in “dirty
industries,” and if so, does efficiency dictale
that this advantage should be exploited? s
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it possible to protect resources without in-
terfering with free markets? Are trade poli-
cies based on traditional comparative ad-
vanlages compalible wilh  covironmental
preservalion?

This papcr proposcs answers (o these
questions, 1 does so by studving patlerns of
Morth-South trade im o world cconomy
where the North has better-defined prop-
erty rights for environmental resources than
the South. Property rights have been ne-
glected in the literature on the economics of
environment and trade, although they have
been recognized as important in other areas
of resource allocation {Ronald Coase, 1960
Harold Demsetz, 1967 Jon 5. Cohen and
Martin Weitzman. 1975) The paper ana-
lyzes the imleractions between  properly
rights and international trade. Tt considers a
trade model with two countries (North and
South), two goods, and two factors, which
extends that of Chichiloisky (1981, 1985,
1986: Chichilnisky and Heal, 1987). The en-
vironment, which is one of the factors of
production, is owned as unregulated com-
mon property in the South, and as private
properly in the North.

Scction IV of the paper considers a gen-
erdl completely symmetric case: 4 world eco-
nomy consisting of two identical countries,
both with the same inputs and outputs, and
with the same endowments, technologies,
and preterences. The two countries engage
in free trade in unregulated and competitive
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markets. The countries differ onlv in the
pattern of ownership of an cnvironmental
resource used as an input to production. 1
consider this case to demonstrate that lack
of property rights alone can create trade,
and that trade itself can exacerbale the
commaon-property problem. No trade is nec-
cssary for eticiency when the two countries
are identical, vet trade occurs when they
have different property-rights regimes. In
this context T establish two general proposi-
tioms. First, the country with ill-defined
properly rights overuses the environment as
an input to production, and these ill-defined
property rights by themselves create a mo-
tive for trade hetween two otherwise ident-
cal countries. Second, for the country with
pootly detined property rights, trade with
country with well-defined property righls in-
creases the overuse of resources and makes
the misallocation worse, transmitting it to
the cntire world economy. Trade equalizes
the prices of traded goods and of factors
worldwide. but this does not improve re-
source allocation. In the resulting world
economy, resources are underpriced. there
1% overproduction by one country and over-
consumplion by the other., These results
have been extended 1o a dynamic context in
Chichilnisky (1993c),

Section V' ol the paper explores more
specific cases. lis purposc is (o evaluate
policics to check environmental overuse:
tuxes and property-rights policies. Here, in
contrast with Section IV, 1 allow a realistic
asymmetry  berween the North and  the
South., The South’s resources are produced
now either using capital or using labor from
a subsistecnce sector. This labor is not di-
reetly traded in the market or employed in
other sectors. Subsistence labor is only en-
gaged in the extraction of the environmen-
tal resource, which is traded in exchange for
capital-intensive goods, Tn this context |
show that taxes on Lhe use of environmental
resources in the South are generally unreli-
able at deterring overextraction. Taxes can
force lower-income  harveslers 1o work
harder and extract more resources to meet
their comsumplion nceds, Taxes can there-
fore lead to more rather than less extraction
of the resource. Thercfore, property-rights
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policies may be preferable in the South as a
way of correcting environmental overuse.
Fxamples of such policies are discussed.

Property rights can affect market behaw-
ior in many ways. Here I focus on their
impact on the supply of resources; thesc are
price-dependent, with their supply curves
derived rigorously from micro foundations.
I establish that with ill-defined property
rights the supply of resources s more
price-responsive than it is when property
rights are well defined. This price respon-
siveness 15 crucial in determining the pat-
terns of international trade; at cach price
the South offers more resources than the
North. lcading 1o apparent comparative ad-
vanlages  in resource-intensive  products.
This parallels the results of the original
North—-5%outh model (Chichilnisky, 1981,
1985, 1986A), where the price responsiveness
of labor supplv—called there abundance of
lubor— plaved an cqually important role in
determining the terms of trade and the wel-
[are results from exports of labor-intensive
products,

These results offer o new perspective on
a current debate, inilated mo 1992 by
Lawrence Summers, a World Bank ccono-
mist., about whether developing countries
have a comparative advantage in “dirty in-
dustries™ (see e.g., The Economist, 8 Febru-
ary 1992, Vol 322, p. 66k If so. the arpu-
ment gocs, v it not efficient that  they
specialize m “dirty industries” and environ-
mentally intensive production?

One response to this is that the apparent
comparative advantages may nol be actual
comparative advanlages. an issue which this
paper addresses rigorously. They may derive
neither from a relative abundance of re-
sources nor from differcnces in productivity
or preferences, not even from lower [aclor
prices, but rather from historical and insti-
tutional tactors: the lack of properly rights
for a common-property resource. In this
context the South produces and exports en-
vironmentally intensive goods 1o a greater
degree than is ethicient, and at prices that
are below social costs. This happens even if
all tactor prices are equal aeross the world,
all markets are competitive, and the lwo
regions have identical fuctor endowments,
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preferences and technologics, Under those
conditions the trade patterns which emerge
arc inetlicient for the world ceonomy as a
whole, and for the developing countries
themselves. Developing countrics are not
made hetter off by specializing in “dirty
industries,” nor 15 the world better off if
they do.

I. Empirical Motivation: Property Rights,
Trade Patterns, and Taxes

The problems described in this papcr ap-
pear when socictics that are still in transi-
tion between agricultural and industrialized
cconomies trade with socictics already in-
dustrialized. Mauany traditional socieries
had well developed systems [or inducing
cooperative outcomes 10 the wuse of shared
resources. Laws 1o protect the citizens’
property rightls in running water were in
operdtion in the United Kingdom in the
Middle Apcs. Japan had well developed svs-
tems for the management of traditional
communal lands ( frigichi ). Other examples
are the commumal-ficld agriculture in the
Andes and m medieval England. and the
successful sea-tenure swvstems in Bahia,
Braril, betare the arrival of outsiders (sce
Daniel Bromley, 1992). These traditional
syslems, however, appear to lapse in the
period of transition hetween agricultural and
industrial economies.

Today many environmental resources are
unregulated common property in develap-
ing countries, Exumples are rain forests,
which are uscd for tmber or destroved to
give way (o the production and export of
cash crops such as coffee, sugar, and palm
oil. Other examples include grozing land,
fisheries, and aguifers, which by the nature
of things must wsually he shared property
even when the land covering the aguifer is
privately owned (see Partha Dasgupta.
1992), These are common-properly re-
sources whose ownership is shared with fu-
ture penerations. They arce typically used as
inputs to the production of goods that arc
traded internationally.

Eecent studies show that 30 percent of all
tropical  deforestation is [or the agricul-
tural use of forests, particularly for the
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international market (C. 5. Binley and
Jeffrey R. Vincent, 19940; Torsten Amelung,
1991; Edward Barbicr et al. 1991 W. F.
Hyde and D. H. Newman, 1991} The
Korup National Park between Cameroon
and Nigeria, at 60 million years old, one of
the oldest rain forests in the world and one
of the richest in biodiversity, is exploited as
an unregulated common-property resource
for the production of palm oil, trapping,
and other [orest products sold in the inter-
national market (H. J. Ruitenbeck, 1990,
So is the Amazon basin, which is clcared
and vsed as a source of land for the produc-
tion of cash crops, such as soy beans and
cotfee, for the international market.

In the now industrialized countries com-
munal land was frequently observed prior
to  Industrialization,  Industrialization  in
England was preceded by the “enclosure™
{privatization) of common lands (Cohen and
Weilzman, 1973) Now, however, industrial
countrics have much better defined prop-
erty rights for their resources than do devel-
oping countries, The United States has
property-righls  rcgimes  for  petroleum.
These include laws (o prevent the overex-
ploitation  of common-property  resources
such as the Conally “Hot Oil Act™ of 1936
and “unitization™ laws (Steven McDonald,
1971). Water, however, is slill treated as
common property in parts of Texus and
California, leading to misallocation. Japan
is well known for its protection of property
rights in environmental resources. including
even sunlight. Germany recently initiated a
parallel system of national accounts which
records the depreciation of environmental
asscts, effectively treating the accounting of
national property on the same basis as that
of private property. Indeed, the proposal
to update all national accounting systems
so that they record the depreciation of
environmental assets (sce Dasgupta and
Heal, 1979} is a move toward trealing na-
tional property on the same accounting ba-
§is a8 pPrivale properly.

Although today’s differences in property
rights between industrial and  developing
countries are eusily observed. only tentative
explanations can be offered. It is known
that the overexploitation of “the commons™
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emerges from noncooperative situations, or
overuse by “free riders” (Dasgupta and
Heal, 1974} Cooperative outcomes in the
use of communal property resources, such
as shared hodies of water, fisheries. and
forests, are achieved through the enforce-
ment of punishment and Tewards within o
stable group, the members of which share a
common land site for many generations.
One observes a “repeated game™ which en-
forces cooperative outcomes without the
need for formally defined individual prop-
erty rights (Bromley, 1992),

In the period of industrialization, these
age-old inslilutions cease 0 work, because
small and stable populations become large
and transient, so that cooperative solulions
are more difficult to enforce. This may be
why those socicties that have completed the
arocess of industrialization rely instead on
formal property rights rather than on tradi-
tion and custom. The problems described in
this paper appear because the South s still
in transition, but it trades with already in-
dustrialized economies.

Patterns of trade in environmental re-
sources can defy common wisdom. Small
countries such as Honduras, with scarce for-
est resources, export wood (o the United
States, which has some of the largest forests
in the world, Honduras™s hardwood (c.e..
mahogany) [orests have been recently na-
tionalized and arc treated as unregulated
common property, with no accounting of
the depreciation ot the torest as an asset,
while the United States has better-defined
property rights. Currently about two-thirds
of Latin American cxporls arc resources,
and an cven larger proportion holds for
Africa. Many of these are produced from
common-property sources: Korup National
Park and the Amazon are valuable biodiver-
sity rescrvoirs which are being destroyed in
part [ur the production of export cash crops
such as palm oil, sov beans, and coffee.
These crops are exported to industrial
countries with much higher agricultural pro-
ductivity and with larger endowments of
agricultural land. The puzzle is how to cx-
plain such patterns of trade, The cxporlers
do not have a (echnical advantage in the
sense ol Ricardo, sinee their labor s m
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more productive, and it is unlikely that they
have a comparative advantage in the sense
of Heckscher-Chlin either.

These issues are analyzed in Section IV,
which establishes that, due to differences in
property rights, the countries will trade fol-
lowing the empirically obscerved patterns of
trade qust discussed, Since under these con-
ditions markets do not allocate resources
efficiently, Section V cxamines policies o
check covironmental overuse: taxes and
changes in property rights. In Section ¥, 1
introduce a realistic difference between the
MNarth and the Sowth. In the North, re-
sources are extracled using capital. In the
South, resources are extracted either by us-
img capilal as in the North, or by using labor
from a subsistence sector consisting of
workers for whom there is no formal labor
market. These workers extract environmen-
tal resources from the common-property
poal such as a torest. Their labor 15 not
traded directly: they use it to extract re-
sources which are traded for capital-inten-
sive goods at market prices. Workers em-
ploved in this fashion exist today in parts of
Paraguay, Argentina, and Drazil; they are
cemploved in a so-called “piccemeal”™ fash-
won, usually i environmentally related see-
tors such as timber and agriculiure, and are
uncmplovable in other sectors because of
their lack of formal cducation. Workers whao
extract wond and trappings lrom commaon-
property land, such the Korup raim forest in
Nigeria, appear to conform to this pattern
(see Ruitenbeck, 1Y), and so do those
who extract rubber in the Amazon. Such
patlerns also appear within lirms: much of
the Amazon’s land is treated as unregulated
comman property by firms which buy torest
products from their emplovees In a plece-
meal fashion, at muarket prices. This speci-
fication also has some poinls in common
with the [ormulation of abundant labor in
Chichilnisky (1981, 19806), and 1t fits well
with the results of empirical studies of sub-
sistenee labor in agriculture in Latin Ameri-
can countrics, such as Thomas Schweigert's
(1993) research on Guatemalan agriculture.

The frst policy considered in Section 'V ois
a tax which the South levies on the use of
environmental resources, the revenues of
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which are spent on the capilal-intensive
good, The intention is to Taise the producer’s
costs and Lo deter its use of environmental
resources. In this context I show thal taxes
will not always work as intended. As taxes
decrcase the demand for resources, the har-
vesters receive lower prices for their prod-
ucts. This can force the harvesiers o
work harder and lead them to extracl more
rather than less of the resources, a possihility
which is cxplored rigorously in this paper
(Proposition 2; sce also World Bank [1992]),
For this reason, taxcs in the South are gen-
crally incffective and can be unreliable:
when the workers” demand for marketed
goods is relatively inelastic, taxes can lead
o more extraction of resources, defeating
their original purposc (Proposition 3).

1. The North=South Model

Following Chichilnisky {1981, 1955, 1986),
comsider a model with two goods, two in-
puts, and 1wo countries, similur to that of
Heckscher-Ohlin, except that here the sup-
plies ol inpuls are price-dependent. For ex-
ample, the supply of resources is £°=
E*( p.) where pp is the price of the re-
source £, The model for one region is as
followws. Capital (K) and the environmental
resource { £ ) are used 1o produce two goods,
A and 8: onc good, B, is more intensive in
the use of the environmental resources Lhan
the other, -, which is more capital-inten-
sive.! Production exhibits constani returns
to scale; a concave utility function L7 A, B)
15 postulated. Both £ and K are supplied
by continuous supply functions £ = E(p,)
and K = K(r), where p,. is the price of the
environmental resource, and r is the rental
of capital. £ is extracted [rom a resource
pool using an input x which has opportu-
nity cost ¢g; this cost g is endogenously
derived in Proposition 2 and Appendix C. as
are all other prices and guantitics, in a
general-equilibrium fashion. To show that

IThis is a standard assumption in trade thoory: i
means that the production of good 8 requires a higher
raliv of mput & than does the production of good [,
This is [ormalized in Appendis B
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the results are robust under difterent madel
specifications. the input used to extract E is
taken to be guite general in this model: it
can be capital (as in Section 1V, Theorem
1), subsistence lahor, or either of the two
{as in Section ¥V, Propositions 2 and 3). The
supply of the environmental resource £ s
formally derived in Proposition 1, where it
is shown to wvarv systematically with the
property rights af the resource pool. Since
endowments, lechnologies. and preferences
are defined, all ingredients of a general-
cquilihrium maodel are provided. A one-
region competitive equilibrium is a price
vector p* al which cach of the four markets
ifor A, B, £, and K) clears.

The two-region model (North-5outh) is
defined as vswal by considering two one-
region models together and, to allow for
international trade, by relaxing the hypothe-
sis that each commodity market (for 4 and
B clears in cach region to require instead
that the world markets for A and B must
clear. Input markets clear in each country
hecause, as 15 standard in international
trade. the factors of production (K and 7}
arc only traded domestically. Appendix B
provides a set of equations and compuics an
cquilibrium  of the North-South model,
which is shown to be unique in Appendix C.

The madel differs from earlier versions of
the Moarth—South model {Chichilnisky, 1981,
1985, 1986) in that in thosc versions all
gonds were privalely owned, and the supply
tunctions of the endowments were exogo-
nously given. Here, instead, the supply of
input - is derived explicitly from micro-
ceonomic behavior and is shown to depend
on the properly-rights regime. There is,
however, an unexpected similarity with the
original North-South model: the crucial role
plaved by the responsiveness of resource
supplics 1o their price. With common-
property regimes, more is supplied at any
given price than is supplicd with private-
property regimes (Proposition 1) Since at
each price the quantity supplied under com-
maon property exceeds that supplied under
Privale property, resources appear o be
more “abundant™ with commaon property, A
similar responsiveness of supplies, but of
[abor instead of resources, appoars as a
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crucial parameter in Chichilnisky (1981,
148A Y it measures * labor abundance™ in the
South and determines whether the country
will henefit from increasing its exports of
lahor-intensive goods ar not.

I1I. Propercty Rights and the International
Supply of Resources

Property rights act on the market In many
complex ways., Here [ identify a simple but
critical way 1n which property rights enter in
a general-equilibrium trade model and pro-
pose @ transparent and gencral explanation
of how they delermine the patterns of trade
and the wellare of the traders. The fwo
regions are assumed o differ solely in their
property righis for o pool of resources from
which one fuput 1o production is extracted.
For example, the property rights on forests
from which wood and pulp are produced
arc diffcrent in the North and the South,

How do properly nights aflect trade?
Tracing the impact of property rights is
nothing more and nothing less than a
comparative-statics exercise: the compari-
son of a world eqguilibrium in which both
regions have well-defined property rights
with a second world equilibrium in which
the Scuth does not.® In principle. this could
he a complex undertaking, However, when
property rights involve solely an input of
production as they do here. their effects
can be summarized in a simple fashion: by
their impact on resources supplied. Indeed,
Proposition 1 below  establishes that, lor
cach price of the resource, more is supplicd
under unregulated common property than
under private property. Therefore the
comparative-statics exercise need only com-
pare d world where the two countries have
the same supply curve [or resources wilh
another world where the South has a dif-

At the sccond world cquilibrium prices are dis
torled, since one of the traders, the South, does not
sutisly the marginul optimality conditions {Proposition
I below and Appendix A); therefore although the first
warld equilibriom s a competitive equilibrium, the
second 15 a general equilibrinm but is ol a competitive
equilibriwm.
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ferent supply curve than the North: it sup-
plies more at each price.

[n practice, therefore, one compares the
equilibrium of a market with two identical
traders to the equilibrium of another mear-
ket in which the traders are identical except
for their supply of resources. In the first
equilibrium both countries have the identi-
cal private-property supply curce E%(p,).
In the sceond, the South has, instecad, a
common-property  supply  curve £ p,),
which prevails with ill-defined property
rights. The MNorth has one supply curve
throughout, which arises with well-defined
property rights,. Why are the two curves
different in the South?

Under unregulated?  common-property
regimes the harvester’s cost of extracling an
additional unit of £ is relatively low. Tt
merely reflects the opportunity costs of the
inputs used to extract the resources: in the
case of 4 fishery, the costs incurred in catch-
myg; and n the case of an aguifer, the costs
incurred in obtaining the water. These costs
do not reflect the full impact on other users
of one individual’s use of the resource pool.
In the case of the fishery or a forest, each
unit extracted decreases the stock available
to others and increases therr extraction
costs. This could eventually lead to the de-
pletion of the stock. In a private-property
regime matters are different. Externalitics
are fully internalized so that the cost to a
harvester of extracting the resource reflects
fully the costs this imposes on the extraction
by others and could increase rapidly with
the level of extraction {Dasgupta and Heal,
1979 Ch. 3).

In its simplest possible form, the argu-
ment 15 that with private property the efh-
cient harvester equates the relative prices of
inpuls and outpuls o the marging produg-
tivity, Instead, with common property and
with many producers, the relative prices are
often equated to geerage productivity, If
production has decreasing returns to scale,

‘| consider here unrcgularcd common  property,
which is also called “open access™ it must be differen-
tiated tfrom rezulated common proporey.
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Fisure 1. AT Bacit Price, THE CoMMON-PROPERTY SUFFLY EXCECDS
TUE PRIVATE-PROFERTY SUTPLY.

then average productivity is always larger
than marginal productivity, so thal al the
same prices there is always an incentive 1o
produce more under Ccommon-property
regimes. This argument is actually valid
much more generally: it is true for any finite
number of harvesters and without invoking
marginal and average costs, under general
conditions it leads to the following proposi-
tion, which is rigorously established in Ap-
pendix A within a Nash equilibrium frame-
work.

FROFPOSITION 1: The common-properiy
supply curve for the resource lies below the
private-praperty supply circe. se that ander
COMION-Property regimes, more iy supplicd al
any given price. Both supply curies are in-
crewsing functions of resowrce prices.

(Proposition 1 15 illustrated in Figure 1)

It is worth emphasizing that this proposi-
tion does not depend on what input is used
for extracting the resource: [or example the
input used could be either capital or labor,
Indced. both inputs are considered in the
paper, The difference of supplies with pri-
vale and common property regimes has sub-

stantial practical implications, 11 leads by
itsell (o different concepts of comparative
advantages and of gains from trade. These
are crucial to current policy because they
clarify whether developing countries have a
comparative advantage In environmentally
intensive exports and, if so, whether such
advantage should be explomted.

I¥. Property Rights. Comparative
Advantages, and Gaing from Trade

The completely symmetric case of the
Morth—5outh model is utilized in this sec-
tion because it shows very clearly the role of
property rights in determining patierns of
trade. The comparative advantages ol na-
tions with price-dependent endowments are
detined as follows: region § is said to have a
comparative advaniage in the production of
good B which is intensive i the use of the
input £, when for cach price pp. the supply
of I relative to that of K in region § is
larger than the corresponding supplies in
region N, Actual comparative advantages
rely on the private-property supply carve for
E, which internalizes all the externalities
that cach unit of cxtraction has on others,
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This is the supply curve corresponding to
points in the economy’s efficicnt frontier,

It 1s worth noting that this definition of
comparative advantage, while rather nato-
ral, differs from classical ones, This must be
the case hecause Ricardian comparative ad-
vantages cannot exist in a world where
countries have identical technologies, as
considered here. Nor can Heckscher-Ohlin
comparative advantages be well defined
here, since the endowments of factors are
price-dependent, so at diffcrent prices the
countries can exhibit different Heckscher-
Ohlin advantages, measured as the relative
endowments of production.

A correct understanding of the compara-
tive advantages of developing countries is,
as alrcady pointed out, a substantial policy
concern, To examine the matter it will prove
useful to consider apparent comparative ad-
vantages. These are delined in the same
manner as actval comparative advantages,
but using for cach price the supply curve
corresponding to the prevailing property
regimes in each region, which in the South
corresponds to the case in which some ex-
ternalities are not internalized. Apparent
comparative advantages of the South reflect
its institutional constraints, in thiy case in-
adequate property rights, which may hinder
the altainment of full optimality. A market
response by the South o these institutiomal
constraints leads it to behave as if it has a
comparative advantage even if it docs not.
When institutional constraints are binding,
apparent comparilive advantages prevail;
observers could Lthen altnibute to developing
countrics a comparative advantage in ex-
porling environmentally intensive products
which they do not actually hawve.

It must be noted that here the two re-
gions are identical except for property rights,
so that neither region has a comparative
advantage over the other. However, Frapo-
sition 1 established that the South, with
ill-defined property rights, cxhibits an ap-
parent comparative advantage in the pro-
duction of the resourcc-intensive good. This
is because at each price the South supplies
more resources than does the North, so ils
resuurces appear o he “maore abundant,”
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Theorem 1 below uses another useful
concept, gains from irade, which are mea-
sured as usual by the increase of utility
£70A, B) associated wilh a move from au-
tarky {i.e., where cach country maxinizes
utility within its own production possibility
sct) 1o a world equilibrium. Again it is use-
ful to diflerentiate between apparcnl and
actual gains [rom trade in the South. AAp-
parent gains froen rade are compuled by
comparing welfare in a model where the
production  possibility sets emerge from
common-properly  supply  curves,  Actual
gains from trade are defined, insiead, by
using the private-property supply curve. The
weaker the property rights in the South,
namely, the less the production externalitics
arc internalized, the larger will be the diver-
gence between its common-property and
private-property supply curves, and between
the apparent and actual production possibil-
ities,? Thus the weaker the property rights
in the South, the larger will be the diver-
gence between its apparent and its actual
gains from trade,

The following theorem shows that trade
by a region with ill-defined property rights
with another with well-defined rights leads
o apparent comparative advaniages when
none exist, and to apparent gains but actual
losses from trade. It is established for two
identical regions with the same technologies
and preferences, both using the same tech-
nology to extract resources f7 using capital
K. E = FIKY); the initial endowment of cap-
ital & is the same in the two regions, The
theorem compares two equilibria: onc in
which both countries have the same prop-
erty rights (privatc property) over the re-
source pool, with another in which the South
has common property. The model is for-
mallv defined in Appendix B; the theorem
and its corollary are proved in Appendix C.

THEOREM 1: Constder the North—South
model in which both regions have identical

The Morth—South model has one parameler [, o
real numberd, which can he wsed o represent the
dewtee of internalizanon of property rights {see Ap-
pendixes A and B
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technologies,  the same  homothetic prefer-
ences, and the same endowment of inpuly K.
fa) The model as defined in Appendic I has
ar most one compefitive equifibrium. (b} I
the pocd from which the emvironmental re-
sotrce [y oexiracted v nnreguleted  comimon
properyy in the South, then the Sounth exhibits
apparent comparafive advantages in environ-
mentally infensice goods coen thowgh neither
region has any (actual) comparative advan-
rage over the other, (o) A a waordd equilib-
vitgm the mwo regtony trade, aned the Sowlh
exprrts envirommentally ntersive goods at a
price that ix helow soctal cost. The equilih-
risen is not Parelo efficient. (d) Trade makes
things worse, in the sense that the overise of
the resonrce increases ay e South moves
from awtavky o trade. Furthermore, {rade
leads 1o fower resource prices worldwide, (el
The Sourh shows appavent gains from trade.
even thoueh it has no actual gaing from trode.
It extracts more envirormental resources, ond
it produces and exports more environmentally
imfensive goods than is Pareto efficient.

Note that the environmental overuse de-
scribed in Theorem 1 is induccd by @ com-
petitive market response, There s no regu-
lation in cither country, and all markets are
[ree and competitive,

COROLLARY 1: Trade between the Norih
and the South leads to the equalizarion of the
prices of all raded goods and of all inputs of
production, aned i particidar to the egualiza-
tion of the price of environmental inpufs in
the two regions, Howerer prices [or enciron-
menatally  intensive goods are below  social
casts. Ar a competitive equilibrivin the Souih
uses miove encironmental resonrces and pro-
duces angd exports more environmestally -
tenstee goods than the North, and more than
iy Pareto optirmal,

This corollary calls attention to the possi-
bility that the overcxporting of cnvirenmen-
tally intensive goods from developing coun-
trics, such as mineral by-products, wood
praducts, or cash crops, may not be due to
the fact that the production costs are lower
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in lhe South than in the Morth, as is some-
times thought. For example, under unregu-
luted common-property regimes for envi-
ronmental resources, a country such as
Moxico would cxport environmentally inten-
sive agricullural products, or products pro-
duced from “dirty industries.” cven if its
forest land. clean air, and machinery were
as cxpensive 4 they are in the industrial
countrics and cven if it had the same 1ech-
nologies and prelerences. Equalizing factor
prices through the international market does
not resalve the problem of overuse of cnvi-
ronmental resources.

¥. Environmental Policics

Since unregulated competitive markets do
not lead 1o efficient allocations with ill-
defined property rights, the lusk of this sec-
tion of the paper is o analvze policies that
could correct the problem of environmental
overuse. focusing first on taxes, Taxcs will
be considered in a  pencral-cquilibrium
framework. tracing their [ull incidence on
all prices and guantitics worldwide., This
approach captures the impact of taxes in an
ceonomy where income effects prevail, a
cuse  particulurly relevant to  developing
countries.

A realistic asymmetry is introduced be-
tween the North and the South in this sec-
tion. In the South the environmental re-
source B is extracted either using capital as
in Section IV above or, alternatively, by
workers from a subsistence scctor. These
workers do not sell their labor dircetlly in
the marketplace. Instead, they use their la-
bor to extract the resource, which thev ex-
change for capital-inlensive goods in the
markeiplace. This specificalion is less svm-
metric than that of Section TV, Tt caplures a
stylized fact in developing countries where
many markets, including labor markets, are
less developed than in industrial countries;
empirical motivation for this was provided
in Section 1. Proposition 3 will contrast the
ellects of taxes within these two alternative
specifications of the process for extracting
£ in the North and the South. The economy
ot the North remains as in Section I'V.
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A, Lower Resource Prices Can Lead
10 More Extraction: The Opportuniny
Cest of Subsistence Lobor

Does the South exiract more or less re-
sources after tuxes? This is stodied rigor-
ously in the next subsection and in Ap-
pendix O Taxes alter extraction becausc
they induce price changes. Here 1 trace how
this occurs. In particular, T show how re-
source extraction changes with the opportu-
nity costs of the inputs that are used to
extract the resources.

No matler what input is used (labor or
capital), and no matter what the property-
rights regime, in this model the supply of
the resource I always increases when the
relative price of outputs to inputs increases
(Appendix A). However, in a market econ-
omy the cost of an mput is its opportunity
cost, and this typically changes along with
the price of the resource itself. The relevant
issue is therefore whether the opportunity
cost of the inputs relative to that of the
TESOUICE INCTEASCS.

What are the opportunity costs of inputs?!
How are they atfected by resource prices?
There is a simple answcr when capital is
emploved to extract the resource: the op-
portunity cost then eguals the rental on
capital (r), and r varies across the cquilib-
rin of the model in a well-specificd fashion:
it is inversely related to the price of the
resource [Appendix B, cquation (3)].

A difficulty ariscs when F is extracted
instead by subsistence workers. Since by
definition no formal market exists for sub-
sistence labor, market wages, which would
be the natural proxy for the opportunity
enst of labor, are not available. It is never-
theless possible 1o deduce implicitly the op-
portunity cost ¢ of subsistence workers’
time, to explore how this changes with the
prices of the produced goods, and to seec
how this affects the extraction of resources.
Proposition 2 shows how, Iis formulation
opens up # whole range of issues which arc
unohservable in a partial-equilibrium for-
mulation, and which are usclul for under-
standing the behavior of resource murkets
with low-income populations. 1t formalizes
the intuition that a drop in the price of a
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resource can force lower-income harvesters
Lo work harder and extract more resources
in order w meet their consumplion needs.
Diiscussions about this phenomenon appear
in the World Bank's 1992 World Develop-
ment Reporr, withoul any formal analysis.

Assume that the harvesters’ endowments
consist solely of their labor input (¥ =24
hours a day). A harvester trades his harvest
of resources £ for the good 4 at competi-
tive market prices. Each harvester has
strictly concave increasing utility function
w,(A,% - x), which increases in Icisure
(¥ — x,) and in consumption {A). The har-
vester's problem 1s

(1) m:’:x[u,{A,f - x,)]

subject to
paA=peES(x))

For cach p, and pg. the solution E(x ) is
the optimal guantity extracted by the har-
vester, where py and pp are determined by
the market in a general-equilibrium fashion,
Proposition 1 (proved in Appendix A) ex-
plains the gquantily of resource extracted in
a ditferent manner: it shows that it depends
On Tesouree prices pe oand on the opportu-
nity ¢ost of labor, g In a gencral-coui-
librium world these two ways of explaining
extraction must tally: this ohservation allows
one to derive rigorously the opportunity cost
g of a worker's labor (which was proviously
treated as an exogenous parameter) en-
dogenously, as a function of the prices p,
and pp. This derivation proves that, as is
intuitively obvious, g cquals the rate of sub-
stitution between leisure and consumption
ol A [see Appendix C equation (C7)]. Re-
call that the “terms of trade” hetween
leisure and consumption are determined by
the competitive market, because the market
determines the price of the pood A and the
price of the good F which is exchanged [or
A by the harvester. Therefore the market
determines implicitly the opportunity cost
of subsistence lahor, 4.
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Consider now a MNorth—South model as
defined in Section 11 but with the addition
indicated above. £ is supplicd by the type
ol harvesters just defined: they own only
labor, extract and (rade the resource £ for
the good A, and their utilities have elastic-
ity of substitution o<1, 1 call this the
North —South model with a subsistence sec-
tewr. The following proposition studies the
consequences of a drop in resource prices;
its proot is in Appendix C.

PROPOSITION 2: Under the asswmptions
mude above, o drop in the price of resonrces
feads to a drop in the opportunity cost of
fubor of the subsistence waorker in the South,
Ar the new, lower resource prices, more effort
iy applied by the harvester, and more re-
SOUTCes are extrocted,

{Proposition 2 is illustrated in Appendix
Fig, C1.)

Why do lower resource prices lead (o
more cxtraction? Onc cxplanation is that
harvesters have relatively inelastic demand
for the marketed good A, I so, as the
relative price of the resource falls, the pro-
portion of total expenditure spent on A4
riscs, and the quantity of resources ex-
tracted must increase, hecause cach unit of
the resource brings now lower revenue. Here

I do not assume this inelastic behavior of
demand: T prove that it arses naturally [rom
ulility maximization on the part of the har-
vester when the hurvester’s utility u; has an
elasticity of substitution e less than 1 (Ap-
pendix C). This result is useful in practice
because the condition « < 1 is plausible and
rather general: for example. with constant-
elasticity-of-substitution (CESY utilitics, o <
I is alwayvs satislicd when Lhe indifferences
of «, do not intersect the axis (sce Hal
Varian, 1992 pp. 19-20% which is a stan-
dard case. Note however that the prool of
Froposition 2 applies to a general class of
concave ulilitics with o <1 and does not
require that w, be CES or any other func-
tional form.

The result in Proposition 2 has useful
implications under more general conditions
as well, I highlizhis the weuakness of any
policy that leads 1o a drop in resource prices
in lowcr-income countrics; as prices drop,
by continuity, harvesters with relatively low
elasticity of substitution do not decrease
their extraction very much. Lower resource
prices ate theretore ineffective at deterring
owerextraction.

The proposition also highlights the cru-
ctal role of the opportunily costs of labor in
determining the extraction of resources, This
i5 of practical interest because the oppuorlu-
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nity cost of subsistence labor g could be
regarded as a policy variable: this opportu-
nily cost could be increased by providing
productive joh opportunities for subsistence
workers outside the environmental sector.
The general point is that any policy that
increases the opportunity cost of subsis-
tenee lahor could have beneficial environ-
mental effects. Figure 2 illustrates how: at
cach resource price, a lower opportunity
cost ¢ leads to a shift in the supply curve
for resources as illustrated (and established
rigorously in Appendix C) Under the con-
ditions, lower resource prices lead to an
even lower opportunity cost of labor, and
the ratio of oulpul W nput prices g/ p,,
actually imcreases. Because of this, at lower
resource prices the subsistence harvesters
extract more resources than they did before.
In Figure 2 this is shown as a move from
point C to D

In summary, in lower-income regions a
drop in the price of resources can lead to
more poverty, and this in turn can lead to
more cxtraction. A policy that induces lower
resouree prices does not provide an effec-
tive way of checking environmental overuse.
This provides a key ta the following results
QI LUxes,

B. Tuxes in the Soech

The next proposition shows that the re-
sults of taxing the use of the resource could
be just the opposite of whart is cxpected if
all prices are allowed o adjust to their new
market-clearing levels: taxes could lead
more extraction. Intuitively this occurs be-
cause the resource is extracted by lower-
income subsistence workers whose demand
[or consumption goods is somewhat inelas-
tic. The trade literature has not coverad this
case, which is implicit in the discussions of
the World Bank’s 1992 World Decelomment
Report with respect to the effects of poverty
on the emvironment, Exploring this possibil-
ity requires tracing all impacts of taxes on
prices, guuntilies, and income, a sumewhat
complex task.” Most of the internatiomal

“In their Theory of Imterpasona! Trade (Section 2,
Policy Responscs o Disterlions and  Constraines'™h,
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trade literalure on taxation uses o partial-
equilibrium [ramewaork. However, some of
the most important effects of raxes in devel-
oping countrics are income effects, and these
cannol he examined properly in o partial-
equilibrium.

For example, corrcclive tariffs and subsi-
dics in a partial-equilibrium [ramework have
been studied in Dixit and Norman (1980),
However, as in all partial-cquilibrium analy-
sis, these results oceur in a world where the
terms of trade and all factor prices remain
fixed throughout, Consider for example a
standard policy of taxing the use of the
COMTLIMON-Property resource in order to re-
sirict il use. When prices remain fixed,
such a tax has the effect of deterring use.
The tax increases the relative price of the
resource, dand this leads to less use of 1t as
an input.

It 15 not alwavs realistic to assume Lhat
prices remain fixed after taxes. Taxes alier
income and therefore alter demand and
hence prices. The classical works of Abba
Lerner (1936} and Lloyd Metzler {194%9) an-
alyzed tariffs on truded poods which have
general-equilibrium cffects on the terms of
trade of the trading regions. 1 shall consider
here, instead, a tariff which is levied domes-
tically on the use of the resource /7 which is
a (nontraded) input to production,

The complexity of tracing the effects
of taxes on all prices and quantities is al-
leviated by an unusual feature of the
Worth—-South model which makes it particu-
latly wseful for this purpose: it has an ex-
plicit analytic solution, which is obtained by
solving a second-order cquation in the terms
of trade, trom which all other endogenous
variables are determined explicitly, This

Avinash Dixit and Victor NMorman (1880 po 1700 state:
“Huving examined the terms: of (rade and interper-
conal distribulion a1 some length, we now pul Lhem
aside by assuming a swiall ane-comsumer soononiy [1e.,
partial-couilibrium analysis). This s done in order 10
highlight the new guestions that are raised by the
presence of further constraints on policy. It is not in
principle ditficult to combing everylhimg into a grand
model, but its alpebraic complexity obscures all coo-
nomie understanding.”
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procedure was introduced in Chichilnisky
(1981, 1986) and is the methodology that is
used in establishing Proposition 3 below,

The relative price of exports and impaorts
of the South, py/p, (=p, since p,=1)
are called the South’s rerms of trade.

PROPOSITION 3 Consider  the North -
Soneth model with a subsistence sectar in the
Soterh which extracts the resowrce E from o
comman-praperty pool, The North has well-
defined properry vights. Assumne further that
g wnit tax T ie imposed on the producers in
the Sonth for their wse of the resource Foas
an dnpue of production: all producers pay
P — §per unit of the inpur £, Furthermore,
assiie that the fax revenncs increase the
domestic demand for the product that does
anl wse the environmental resource E inien-
sively, namely, for the good A. Then the tax
always leads o:

(i)« decrease in the price of the resouree E,
{ii) a drop in the South's terms of trade py,
{iti) an increase in the extraction of the re-
source E in the South, and

(fiz) an increase in {15 exporis of the environ-
mentally intensive good B for some pa-
rameter Lalues.”

If the South produces & using capital, the lux

leads also to (1), (i), and (ic), but instead of

(5ii} rer

(i) a drop in the extraction of the resowrce
Fom the South.

(See Appendix C for the proot.)

An intuitive explanation for this proposi-
tion is as tollows, A unit tax T on the use of
the resource £ s collected from the pro-
ducers who use £ as an input. The tax
proceeds TF are allocated to increasing the
demand of the non-respurce-intensive sec-
tor, #A, giving the tax the best opportunity to
work in the intended direction, namely, re-

"Formally, exports tnerease if and only if the condi-
fion ¢, A< 2pepg is satisfied, a condition which is
shown to be satished precisely when “income effects
dominate” {sce the penuliimale paragraph of Ap-
pondix O,
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ducing the demand for resource-intensive
products. The relative price of the environ-
mentally intensive good £ then drops; this
is (ii). The drop in demand for B leads to a
decreased demand, and a lower price, for
the resource £; this is (1), Thercfore, after
taxes, the price of resources, 2, is lower.

Consider first the case when the har-
vesters use subsistence labor as an input. IF
the resource £ is cxtracied by the subsis-
tence sector, then after laxes the price of £
is lower and the supply of £ is higher (ihis
follows from Proposition 2); this is (iii).

The sccond case is when Fis extracted
using capital as an input. Since p,. is lower
after taxes, the cost of capital r 15 higher:
these two variables are always inversely re-
lated across cquilibria [sce cquations (B1) in
Appendix B]. Since the opportunity cost of
the harvesters’ labor is higher and output
prices are lower after taxes, the supply of
the environmental resource decreases; this
is (i),

Finally the exports of B increase after
Lthe increase in g if and only if price effects
dominate; when income cffects dominate
then exports decrease (see also Chichilnisky,
1981, 1986); this is (iv],

¥1. Conclusions: Properly Righls
and North-5outh Trade

Differences in properiyv-rights regimes for
environmental resources can account  for
some puFzling aspects of the patterns of
trade between the North and the South.
The problems analyzed in this paper arisc
when societies which are in transition from
agricultoral 1o induostrial economies, such as
the South today, trade with already industri-
alized societies. The South exports environ-
mentally intensive goods even if it is not
well endowed with them. The South over-
produces, and the North overconsumes,
even il trade cqualizes all traded goods and
all factor prices worldwide,

I have discussed several environmental
policies. Section ¥ examined tax policies in
the South and established that they arc not
alwavs reliable. When environmental re-
sources are extracted using subsistence la-
bor, taxes can lead to more extraction. |
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showed that anvthing that decreases the
price of the rcsource can increase poverly
and lead to more cxtraction, an observalion
which was made in the World Bank's 1992
World Development Report. Taxes can have
this effect, because they can decrease the
dermand for environmental goods, which are
a main source of income tor the subsistence
SCCtor.

A muin argument in tavor of property-
rights policics is that once these have been
implemented, no market intervemtion s
needed. Consider, [or example, any policy
which improves the property of Amazonian
small farmers, such as rubber-tappers. This
will change the supply tunction of Amaza-
nian resources as shown in Proposition 1,
reducing output at euch price. In turn this
will change the computation of comparative
advantages and of gains from trade from
agricultural ¢xports hased on deforestation
of the Amazon. Prodoction patterns shift,
and export patterns will reflect more fully
the social cost of deforesting the Amazon,

Examples of such property-rights ap-
proaches are provided hy recemnt agrec-
ments  involving  debt-for-nature  swaps
{Ruitenbeck, 1990), Another example is
provided by recent agreements between the
United States pharmaceutical industry and
Costa Rica. The spearhcad of this project 1s
a pair of ingenious eflorls 1o exploit the
forests to obtain medicinal products.” A
Costa Rican rescarch institute (INBLO) is
prospecting (or promising plants, microor-
ganisms, and insects to be screened for
medical uses by Merck and Company, the
world's largest drug company. Merck, in
turn. is supporting the prospecting etforl
financially and will share any resulting prof-
its with Costa Rica. Thus Costa Rica has
acquired property rights over the “intellect-
ual property”™ embodied in the genetic
information within its forests. A similar ini-

"The plans were deseribed al o sympasivm held in
January 1992wt Rockeleller Lniversity, organized
jointly by the Kain Fores! Allianee, and the New York
Botanical Garden’s Institute of Feomomic Botany (see
o the report in Scieace Times, science supplement fo
The New York Times, 28 lanvary 1992, po CLL
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tiative was taken by a small Californian
company, Shaman Pharmaceuticals, which
is tapping the expertise of traditional heal-
ers, “Shamans’ or medicine people, in vari-
ous parts of the tropics {see Chichilnisky.
1993a), The company intends to promote
the conservation of the forests by channel-
ing some of its profits back 1o the loealities
whose medicing people provided the kew
plants, The theory behind both ventures is
that everybody wins: the world peis new
drugs, the pharmaceutical companics carn
profits, and people in the localities are justly
compensated for their “intellectual prop-
erty” and their conservation and collection
efforts.”

Similar cxamples hold for land resources.
Recently the government of Eeuador allo-
caled o piece of the Amazon the size of the
state of Connecticut o s Indian popula-
tion, a clear property-rights policy.” Under
the conditions cxamined here, this policy
should lead o u better use of the torest's
resources and to 4 more halanced pattern of
trade between Ecuador and the United
States, "

However, property rights change slowly
because they require expensive legal infra-
structure and enforcement, Poor countries
may find themselves unable 10 implement
such policies quickly, The improvement of
property rights of indigenous populations in
developing countries, which house maost of
the world’s population, should nevertheless

HEx,amch; of successful medical discoveries from
rain forcsts and other natural sources inclide widely
used modicines such as aspirin, morphine, guinine,
curare, the rosy periwinkle vsed to treat childhood
leukemin and Todgkin®s discase, and (muore recently)
taxol

Indian eroups will pain title to land in Pastaza
Province, a traditional homelands arca covering 4,305
square nules i eastern Feuador. Ecuador's move s
part of a wider trend i the Amazon hasin. Achuar,
Shiwiar, and Quiche Indians will soon administer an
arca where population density averages e people per
sijuare mle.

1 r - .

In fact, frest and other covitonmental assets have
public-gond aspeets, which have not been covered here.
Markets with public goods have dilferent behavior and
reguire s different treatment, For example, Lindahl
prices or parlicular distibotions of endowments are
necded for elliciensy (sce Chichilnisky e al., TH93)
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be considered a major policy goal.'" There
is a small but apparently growing trend of
this type in Brazil, Bolivia, Columbia, Tcua-
dor, French Guvana, and Venezuela.'
Property-rights policies, either through gow-
croment action or preferably through pri-
vate enterprise, as in the examples offered
here, provide a hopetul foundation for re-
solving some North—South environmental
1ssues. Improving property rights should also
lead to better, more balanced income pat-
terns, since one of the most direct causes of
poverty in the developing countries is the
lack of entitlements for land and environ-
mental resources such as clean water
{Dasgupta, 1992} Similarly, as | have shown
here, poverty can prevent environmental
policies based on taxation from having their

"Judgc Advare Bduardo Jungueira declared that a
shipload of mahogany sold by C&C Industria e Comer-
cin was illegally felled and stelen from Indian reserves
in the Amazon region, amd he ordered the immediate
seizure of thousands of cubic meters of mahogany
bound to London, Tradelink, the London-bascd timber
agent, stated that they will cease purchasing wood from
C&C Industria e Comercio if the theft is confirmed
(see Faanciol Fees, 29 Qetober 1993, pp. 1, 330 The
maller i5 causing embarrasement for Gritain's Timber
Trade Federation: Britain imporis about ball of Bragl's
c:nlip.' mahogany exporls,

“In the last three vears, the Governments of
Ecvador. Columbia, and Venczucla have restricted
mast of thelr Amazon darcas as national parks or Indian
reserves, as have Brazil and Bolivia, and France has
made plans to protect & thicd of French Guovana, Last
vear, & coalition of Amazon Indians and forcign and
local envirenmaentalists confronted ULS, oil companices
to induce them to abandon plans for cxtracting oil in
Ecuador's Amazon (sce | Kane, 1993) Ecuador, onc
of South America’s poorest countrics, draws currently
about 550 million vearly in revenues From oil expors,
In the highlands of Ecuador, Indian groups have ex-
pressed similar resistance (o exporl-orented farmimng,
José Marin Cabascangeo, leader of Tndigenous National-
itics of Ecuador which is said to represent the nation’s
cstimated two million Indians, statcs: *We should only
produce food for our own consumption. The Amazon
regiom has a very fragmented ecology and w continue
colonization would destrov 107 (see g, New York
Tones, & September 120 po LU0 Similar concerns
were expressed by Antonio Macedo, Coordinator of
the Mational Council of Rubber-Tappers of the Ama-
zon, of Crozeiro do Sul, Acre, Brazil, in a recent
nterview al Columbiya Umversily, 7 December 1992, A
revent article in the The New Vorker (Kane, 1903)
highlights the practical issocs involved.
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intended effects. Poverty and environmental
overuse have a common root, and both are
at the core of the MNorth—South environ-
mental dilemima.

Inexpensive environmental resources are
a main source of environmental overuse.
The statement that resources are over-
consumed 15 practically equivalent to the
statement that they are underpriced. Envi-
ronmental overuse does not occur solely
hecause the locals overconsume their re-
sources, but because they export these re-
sources to a rich international market at
prices that are below social costs. This is
why the global environmental issue 15 inex-
tricably connected with North—South trade.
The South overproduces, and the North
overconsumes. The international market
transmits and enlarges the externalities of
the global commons. No policy that ignores
this connection can work.,

Arrewoix A Resouror Exrraciion
AND PROPERTY RIGHTS

The Nash Equifibrium of the Harvester Ex-
traction Problem with Unregulared Cominon-
FProperty Resouwrces.—The extraction of the
input £ is carried out by N “harvesters” of
an unregulated commaon-property pool. in-
dexed (= 1,.... N Let x, be the input of
harvester £, and let x =27 x, All har-
vesters are identical and interchangeable, so
that the total harvest can he expressed as a
tunction £ = F(x) of the total input. As-
sume also that all harvesters are symmetric,
s0 Lhat each harvester obluains as its output
a fraction of the total output cqual to the
fraction that it supplies of the total input,
formally, EJ-=F(x](xl.j.r}. This insures
unigqueness of the solutions. These are all
standard assumptions {Dasgupta and Heal,
1979). Each harvester chooses its input level
x; to maximize the value of its share of
outputs net of costs, poFf(x )= gx,, taking
as given pg, . and the input levels of
others, x, for j=i. Here p. is the market-
induced price of the resource, and ¢ is the
“opportunity cost™ of the input x; both g
and p,. are endogenously determined in
Appendizes B and C along with all other
prices n a generdl-equilibrium  [ashion.
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FUy =1, F{x) =0, and F{x)is strictly con-
cave, so there are strictly diminishing re-
turns, arising perhaps from the application
of increasing amounts of variable input x to
a fixed body of land or water, and this
msures existence of solutions. This models a
Nash equilibrium pattern of use of an un-
regulated common-property resource, which
15 unique under the symmetry conditions.

PROOF OF FROPOSITION 1: The mar-
ginal product of input is #'(x). The average
product is F{r)/x, and by stricl concavity
Flx)/x> F'ix). Look first at marginal
pmductﬂ The private-property marginal
product of the input is denoted MP", and
the common-property marginal product is
MP-. Now, MP“=d /dx [z, Fix)] equals
a‘jdx[x Flx,+x_Jl/(x,+ x_;) where x_,
= T i¥;. Henee, ‘under the d‘sHUl‘ﬂDllUl‘l},

MPE = F(x)/x = xf[xF'(x) - F(x)]/x%)
=F(x}/x
+(x, /XNF'(x)- F(x)/x].

Note that the analvsis provided here is inde-
pendent of the number of harvesters as long
as there is more than one (N = 1) As N —
s, x, /%0, and the common-property
marginal product becomes the average
product, Tn this limiting case we recover the
well-known result that harvesters equate in-
put prices to average return rather than to
marginal pruduu the hasis of the “tragedy
of the commons.” Since MP"= £(x).

MPF—MP- = #'(x)- F(x)/x

—(x, /XM F(x)— F(x}/x]

=[F{xy- F(e)/x][1-x /5]

<,

Therefore the common-property marginal
product is lower than the private- pmpcrr}
one. The private-property supply curve EF,

is obtaincd by equalizing 1ha, opportunity
cost g with the value of MPF, g = pFMPF
and the common-property supply curve EY
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is ohtained by equating g = MP'pz: both
supply functions of £ as a [unction of pg
are parameterized by the opportunity cost g
of the input x,.

The last task is to show that, with both
private- and common-property regimes, both
supply curves increase with the price of the
resource £ at any given ¢. For simplicity in
the rest of this prool I use F, to indicate
cither the common-property supply curve or
the private-property supply curve, because
the argument that follows applics to both.
For each p.. the harvester's objective is 10
find x, which optimizcs
(A1) ek x) — ax
For each fixed g, the solution o this prob-
lem, denoted xAp,,q), is an increasing
function of p,: as the market price of E
increases, the marginal productivity of x,
which maximizes the objective function of
the harvester must satisfy p 3£, /dx.)=q.
For each p, and g. this maximization prob-
lem defines £.= E{x(pg,q)). Note that,
for a given g, as p, incrcases (Al) implies
that #F, /dx, must decrease. The concavity
of £, implics then that the optimal level of
input x.{ pe,q) increases with p, [or any
given g (i.c.. dx, /@pg > 0) Thercefore for
any given g the suppdy curve EXx,) iy always
increasing in the resource’s price pp.

Arrevoix B: FORMULATION OF THL
NorTH-SouTH Moapi

Consider a Heckscher-Ohlin formulation
of two competilive cconomies trading with
each other, cacept that factor endowmonts
in the two countries are not fixed. but vari-
able, depending on factor prices. This fol-
lows Chichilnisky (1981, 1985, 1986, 19910,
1993h) but differs from these works because
they considered privately owned poods only.
Varable [actors are crucial in the consider-
ation of property rights: Proposition 1
showed that at each price the supply of
resources under common-property regimes
is larger than with private property, a char-
aclerization which requires price-dependent
endowments. This paper considers simple
production functions with constant returns
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to scale; the mode] and 1ts results have been
cxtended Lo g variely of utility demand spec-
fications, to Cobb-Douglas and CES pro-
duction functions, and to economies with
increasing  returns  (Chichilnisky, 194930
Specify first one economy: the South. It
produces goods o and B using lwo inputs,
E and K. | consider a fixed-proportions
technology in each sector, although there is
substitution of factors at the ageregate level.
This is hecause changes in factor prices lead
tor changes in tactor endowments and so (o
changes in the composition of outpul and
the factor intensity of final production. This
could not happen in a4 Heckscher-COhlin
model, but can happen here because factor
supplies  vary with prices (see also
Chichilnisky, 1986},

Production is specified by B = E7 /a, =
K/ and A% = L7 /a, = K4 /¢, where
the superscript 8 denotes supply and super-
scripts A and B denole seclors, and where
@y, s, ¢, and ¢, are inpul-output coefli-
cients, E%= Ef+ E4 wvaries with prices,
and so docs K*= K%+ K7 The good B is
more resource-intensive than A so that 0
=lac; —a,c )= The following egua-
tions identify an equilibrium. First, with z¢to
protfits in the production of 4 and B,

(Bl} By= g = F
Pg =Py tO,r
ar
f}yi"_} =¥ [:'l iy HPgils
= Ty

where p, and p, are the prices of A and
B respectively, pe s the price of £, and r
is the rental on capital, K. Consider next
the exogenously given supply functions for
the inputs £ and K. It was established in
Proposition | {(see Appendix A) that the
supplies of the environmental resource £
increase with p, /g, where ¢ 1s the oppor-
tunity cost of the input used in extracting &
To simplify the computation of solutions
consider o simple form of the supply func-
tion:

(B2) Fi=apg/q 1 E*  a=0
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The variable 4 in (B2) takes differcnt values
depending an the input vsed 1o extract £
i 15 r when I s produced (rom capital K;
when I is produced from subsistence [abar,
Py s an appropriate prosy [or ¢, Note that
when the supply function has the [orm in
{B2} the slope o represents the property-
rights regimes for the pool from which I7 is
extracted: as established i Proposition ]
(proof m Appendix A, the supply of £ has
a larger slope when resources are commaon
properly and o smaller one in the case of
private  property, guite independently of
which input is used to extract L. The as-
sumplions made on the property-rights
reeimes of the ceonomies of the North and
the South made in Section I translate
Lherefore inlo; afMN) < efS) and a{8) large,
where the letters in parentheses denote the
Morth and the South. The supply for capital
i5 similarly
(B3) K3=pr-K

where 2 = (0; everything that follows applies
for B =10 as well (i.c., when K® is a con-
stant K ). In equilibrium all markets clear:

{34} ES ED KS H'['r
(B5) EV=E%+E4=8% + A%,
K"=K"+ K= B + A%,

where superscript I denotes demand. When
the extraction of F uses capital, K" = K*
+ KT+ K",
(B} B =B"+Xx;
45= 4|J + A-']]
; ; S

where X3 and X2 denote exports of B and
imparts of A1, respectively, and

(B7)

(e the value of cxpuorls cguals the value of
imports). The North is specificd by o set of

PpX r'? =4 XA”



Lok THE AMERICAN BCONOMIC REVIEW

equations similar to equations {B1)-BT)
with the same technology parameters and
the same capital supply functions, bul with
different «’s (i.c., different supply functions
for environmental resources E), as  ex-
plained in the paragraph following {B2),
and discussed in Section ILL The two supply
functions are now denoted £3(5) and
E5(NY. In a world equilibrium, the prices of
the traded goods (A4 and B} arc cqual, and
exports match imports:

(BS) PalN) = p4(S)
pe(N) = pp(S)
Xj(N)=X7(S)
X7(8) = X(N)

where the terms in parcntheses, (S)and (N,
indicate the North and South, respectively.
Since the economies are identical except tor
property rights, in the two regions there are
MING_CXOZENOUSs PUrameters: &, i, C, Ca,
B, K, EY and wiN) and «(S). T add a
price-normalization condition p, =1 and
oblain @ total of 26 independent cyqualions,
{B1}—(B7) [or the North and for the South,
plus (B8} and p,—1."" There are in total 28
endogenous variables, 14 for each region:
Py BBy B K KPdY AP
B5 BP, XZ and X!\ so the system is
underdetermined so far up to two variables,
which reflects the fact that demand has not
been specified wet. 1 comsider a demand
specification which leads Lo simple analytics
{more general utility functions can be con-
sidered at the cost of more compurtation). In
each region consider the utility function:

(B9} U{A,B)=EB-+k if A= 4"
where & =0, and
{A,B)y=B+~vA  otherwise

Mialias’s law assures market-clearing in one of the
markets whenever all other markets clear, thus reduc-
ing the number of cquations presenced here by one,
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where vy =k/A" >0, For p,> 1/,
agents demand A" so by choosing & and
v in LY appropriately, one may assume:

(BL0} AP(N) = AP*(N)

AP(§) = APT(S).

Thus, 1 have a system of 28 equations on 28
variables, depending on nine exogenous pa-
rameters, and the model is now fully speci-
fied. The cconomies of the two regions are
identical except for the parameters w(N)
and alS) which depend on the property
rights for the common-property resource
in each region, 1 shall say that property
rights are better defined in the North when
MY < (S) both countries have the same
properly right when a{N)= a(S) Notc that
by inverling equations £ =g B% +a, 45
and K%=¢,B%+ ¢, 4> one obtains

(BL1) B¥={c,E—a;K)/D

AS=(a,K—-c,EV/D

where as before D =a,c, —a,c, > 0. When
the extraction of [ uses capital, K in
the two eguations in (B11} is replaced by
K—KF*"

Arrenox O Proors orF e ResunTs

Proof of Unigueness of a Competitive Equi-
librivent.—The North-South model defined
in Appendix B has at most one competitive
equilibrivm for any parameters a(S) and
i N} representing the structure of property
rights in the two regions. In the following,
the supply [unction of resources m (B2) is
E=wapg/py+ E" which, as discussed in
the paragraph following (B2), corresponds
to the case in which £ is cxtracted using
subsistence labor, as in Section V. Similar
computations obtain when F s extracted
using capital (K ) as an input; in this latter
case, g is replaced by ¢ in (B2) and K" =
KS=K4A+ K"+ K% where FIK")=E
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{sce Proposition 1), From (BS) and (B10),

(C1})  AP*(S) - A%(N)

= AS(N)— A" (N).

Now rewrite (C1) as a function of one vari-
able  only, pg. Substiluting  eguations
(B11-(B8} and (B11) into (C1), one obtains:

(C2)  pAiSY+ Ny
= pal APT(S) + ATTNY+ T(S) + T'(N)]
—[p(S)+pMi]=0

where

W= Gaa, /0 p=ci /D

and

F=(1/0)|c,£"— o, K+ (1/D)
Moo e, — _B.a,az_}J.

Equation (C2) is a quadratic equation in 7,
which has at most one positive root, be-
cause the constant term is negative. There-
forc there is at most one cguilibrium price
py. From p} one obtains in each country
the equilibrivm levels of all other variables:
pEoand * from (B1), £ and K* from
(B2) and (B3}, B* and A from (BlI).
XP* from (B10), and A"*, A%, and X}°
from (B7) and (B&), so the (unigued Tull
equilibrivm of the North-5outh model is
computed.

PROOF OF THEQREM 1:

The completely symmetric case of the
MNorth—South model is utilized here because
it shows very c¢learly the role of property
rights in delermining patterns ol (rade.
Here, the two regions are identical except
[or properly righls: same inputs K and I,
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sume produced goods A and B, same pro-
duction functions tor 4 and B, and same
preferences. In the two regions [ is pro-
duced by harvesters using an exogenous,
fixed endowment of capital K as an input,
where K 1s the same in the two regions,
and wsing the sume production technology
f: K — E (sce Proposition 1) The South
extracts £ from an unregulated commaon-
property pool, and the North does so un-
der private-property regimes. The market-
clearing condition for K is K"=K"+
K%+ Kt =K where FIK®)= E as derived
in Proposition 1. In sum, the two regions
are identical, but the South’s supply of £ is
gi\;_&ﬂ by the common-properly supply curve
E"(pg) while the North's is given by the
private-property supply curve £%(p,} (see
Appendix A). At each price vector, the sup-
ply of £ in the South exceeds that of the
North {see Proposition 1; proof in Appendix
A

Consider now g world equilibriom com-
modity price vector pk; at the equilibrium,
factor prices py and r* are the same in the
two regions because the two regions have
the same technologies (ic., the sume a,. 4.,
¢, and .}, and by the zero-profit condi-
lions on the production of A and B given
in (B1). However, the South supplies more
environmental resources than the Narth
bv Proposition 1. By inverting the two linear
cquations  E%=a, A% | ¢, 8% and K% -
KE=¢ B%+c. A% ane oblains

., E—a(K—-K¥%)
ps_ D o

which increases with £ because = It
follows that at p¥ the South produces a
larger amount of the traded good B than
does the North: intuitively this is a conse-
guence of the fact that B 18 intensive in the
input £, which 15 more abundant in the
South.

When the two regions have the same ho-
mothetic utlities, since al p? the two re-
gions face the same relative prices for goods
A and A, the North and the South demand
soods for A and B in the same proportions.
Since in cquilibrium the supply of £ in the
South is proportionately larger, when the
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international markets clear, the South must
cxport B, and the North must import 8
that is. the South is an cxporter of environ-
mentally intensive goods at the world equi-
librium,

Mext I establish formally the intuitively
obwvious proposition that in the move from
autarky to trade, the South produces more
resources. First T oestablish that from au-
tarky to trade the relative price of the envi-
ronmentally intensive good I must increase
[rom the autarchic level in the South. To
establish rhis, T show that, in autarky, the
relative price pg /p, (recall py=1), musl
be larger in the North than it is in the
South, that is, in autarky,

(C3) {pp/pa)(N)=(pg S p HS)

This is also intuitively obvious becavse pref-
crences are the same in both countries, and
the South has an institutional comparative
advantage in B, Formally, il is scen as fol-
lows, Tt is known that ar any given price the
South produces more A than the North
because of commaon-property regimes (Prop-
ositiom 1), IL in contradiction with (C3)
Cpy /P AN < (pg /p(8), then this effect is
emphasized according to Proposition 1 and
equations (B1), and therefore in autarky the
South supplics more B than the North, Bul
preterences are assumed in this theorem to
he homothetic, so that if (pg/pJIN) <
{pg /2 NS 0 autarky the North consumes
proportionately more B than the South,
This conlradicts the assumption that the
two countries are both in an autarchic equi-
librium: they are identical, but the Seouth
produces proportionately more B than the
North, and it consumes proportionately less
than the North. Therefore, in one of these
countries the marker for B must fail (o
clear, a contradiction. Since the contradic-
tion arises from negating (C3), incqualily
{C3) must hold,

Nowe it 1 straightforward to show that
move from autarky (o trade leads to a world
price of £ that is higher than the autarky
pricc was in the South {ie, that pj =
{(py/p,NS). Assume nol; then, by the
above,

(C4) (pu/p)IN)= Py S PS5y py
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Since preferences are homothetic, (C4) im-
plics that the proportion of goods B/ A
consumed in hath countries increases aller
trade. However, the proportion of goods
B /A produced in both countries decreases,
because as pgp decreases, so docs pg, while
r increases [equation (B1)], so that the har-
visslers extract less £, and the B ogood,
which is E-intensive, 1s produced in smaller
guantitics while the A pood is produced in
higher gquantities.

Ay shown above, (C4) implies that al a
trade equilibrium the proportion 8/4 in
which goods are produced decreases in both
countries with respect to autarky, while the
propurtion ff /A4 in which goods arc con-
sumed mereases in both countries. This im-
plics that markets cannot clear at the trade
couilibrinm when (C4) is satisficd, a contra-
diction. Therefore at a world equilibrium it
must be true that pj > (pg /pS) as 1
wished to prove, Similarly 1T have proved
that g} is lower than the autarky price in
the North, p;, / p,N).

Having proved thut p, /p, increases in
the South from autarky o trade, it follows
immediately that the extraclion of I in-
creases in the South after trade. As the
price of the environmentally intensive good
B increases [rom autarky to trade, the price
E must inerease, and the rental on capital
. which moves in the opposite direction 1o
Py, decreases [see equations (B1). There-
fore, after trade, the harvesters [ace lower
opportunity costs for their inpui, K, and
higher prices for the oulpul, 2. They there-
fore harvest more (see the proof of Proposi-
tion 1 in Appendix A), and the extraction of
£ increascs,

Since the two countries are identical ex-
cepl for property rights, when the two have
well-defined property rights they do not
trade (i.e., the result is autarky). By the first
theorem of welfare economics, when K° =
K the private-property compelitive cguilib-
rium is Pareto cefficient, and as proved above
in this appendix, il is unique. Since as seen
in the provious paragraph the South pro-
duces more £ when it moves from autarky
to trade, at a trade equilibrium (with com-
mon property) its production of £ is larger
than is Pareto efficient. Tts equilibrium price



VO 84 NOL 4

i lower than in awtarky (i.e.. when both
countries have well-defined property rights),
since pf <(pg /p, KN

PROOF OF COROLLARY 1:

The fact thal [actor prices in the (wo
regions are equalized at a competitive cqui-
librium follows immediately from cquations
(B1), which shows that the faclor prices are
determined by the traded-goods prices p,
and pg and by the technical cocflicients a,,
. @y, and ¢, which are identical in equili-
hirium in the two regions,

PROOE OF PROPOSITION 2:

The resource F s supplied to the market
by harvesters as specified in Appendix A,
The harvesters own only their input ¥ of
labor, they exchange their harvest of £ for
A, and they have utilities & (4, % — x,) which
depend on consumption of A and on leisure,
with clasticity of substitution betwecen
leisure and consumption, o < 1. Consider
the harvester’s optimization problem:

{C5) max[ul-{A,,f—_tf}]
subject to p A = p, E(x,)
where El(x )= F“(x,) is as defined in

Proposition 1. At cach relative market price
P/ Py the harvester chooses x, so that

(GO} (pp/pa}E(x,)
=[au, /3% - x,)] [[ou, /0.

The solution to (C6) is denoted x.(p,., p, )
The opportunity cost of the input g must
satisty

(C7) (Pr/PE(x)=¢q

so that by (19),
a(peipy) =[u; /0( % - I;”,."f[‘?ugfﬂA l.

That is, the epportunity cost ¢lp,..p,) of x,
iy the ratio of the marginal wtility of leisure
and the marginal uility of consumption. as
staled in Section TW-A,
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In (C7), ¢ appears expliciily as a tunction
of py and p,. Using (C7) onc can now
explore how the extraction of the resource
I changes with its price p,, and how the
opportunity cost g of the input x, varies
across equilibria. First recall thal the work-
ers’ elasticity of substitution between leisure
and consumption, which measures precisely
how substitutable one good (1) is for the
other (eisure, ¥ — x,), is assumed to be less
than 1. that is

| X A I
F= ¢ I}A h A < J.
| —
) X — x

{(Warian, 1992 p. 44). This implics immedi-
ilely, by definition, that as the relative price
ol A increases, leisure decreascs, This in
turn implies thal extraction has increased.
Figure C1 illustrates this fact; as the relative
price of . increases, the proportion of con-
sumption of A and of leisure must go down
by a smaller proportion, because o < 1. The
vertical segment belween the two indiffer-
cnce surfaces in Figure Cl represents the
change in prices, while the part of this sep-
ment indicated with A, which indicates the
change in the proportion of consumption of
A and of leisure, is smaller, leading to less
lcisure after the price of A4 increases.'
More cffort x; is applied, and therefore
there is more extraction of £ as the price
#p drops, Mote that the utilities used herc
are guite general, requiring only continuity,
strict concavity, and & < 1. For cxample,
with CES utility functions (which are not
requircd here), ¥ the assumption o < 1 sim-
ply mcans that the indifference surfaces of a
worker's utility do not cross the axis, which
is a standard assumption.

YFor example, il utilitics are Cobh-Denglas, one
abtains the limiling case of constan! supply of the
resource T oas pe /p g decreases,

“CES utilities are of the form wid.&—z)-
[d?® ¢ (X — 2] und their clasticity of suhstitu-
lion s o =100 — p) (see Varian, 1942)
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Leisurs

Troore C1 T Harvester Maxivmization PrRopLEM

Matev: The curves represent indifferenues af the harvester between consumption of A
and leisure, The tan dashed lines represent bucgel lines at different prices. They
comverse W point on the horizontal axis which is the harvesler’s initial endowement of
labor, With harvesters cwning only labor, and with clasticity of substitution less than 1,
as the relative price of resources increases (the price of 4 increases) leisure de-

creases, and more 5 harvested,

The last task is to explain Figure 2, which
indicates how a decrease in oppoTtunity cost
of labor increases extraction. First nolc that
the opportunity cost of the input x, de-
creases with pg: as pg /p, decreases, the
guantity of x{ p.. p,) supplied increases (as
in Fig. 1), so thal the supply of the re-
source £ = E(x,(pg, p,)) also increases. By
the coneavily ol the production function for
E, this implies that as p./p, drops, the
derivative  EX(x( p,., p,)} must also drop.
Since pgp /p, decreases and £/(x ) has not
increased, the opportunily cost ¢ defined in
(CT), 4(pe, py) = pp /Py Ex) must have
decrcased as well. As the relalive price of
the resource p, decreases, the opportunily
cost of lahor g drops, and the supply curve
of resources shifts as was indicated in
Figure 2.

PROOF OF PROPOSITION 3:
Consider a unit tax ¥ om the wse of the
resource £ in the South, which increases

the value of demand for A, AP(8), by TE*
(recall that p, = 1L I shall now consider the
cross-equilibria relationship hbetween pj, and
A™(8) to determine the changes in prices
of the resource-intensive pood A in a new
equilibrium, following the tax. From (C2),
by the implicit-function thcorem, across
equilibria,

{CB} g

245 4y

—— _pﬂ‘ S —
£ Zpal TSI+ W4 (51 FiNp = AP Sy — AT N
which, when «(%) is sufficicntly large, is
always negative [see (C2) and also
Chichilnisky, 1986 p. 15]. Now, by assump-
tion, the tax proceeds lead to a higher level
of demand for the capital-intensive good A
in equilibrivm, AY". Therefore by (C8)
the tux lcads 1o a drop in the eguilibrium
price g of the resource-intensive good, B.
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Finally, when ¢, /D <2p. /p, and o iy
large, the equilibrium level of cxports of B
increases as their price p, drops since
X5(8)=B° - BP = B% —(p.E + rK —
AP*) 7 pg so that

(€9) X5(5)

o F—a, K p E+rK— A"
D Pr
oo, ' ca—op e e a
- = e e
D) Py D7 Py

cE'-a K . AP* (8)

+
Dipg Dy

and Lhus,

"I'XJ;‘ e : e,

Ba,
D pj;

(C10) ¢ ' +

Aoy szff L Pr !

:Jlf?—t.‘JE” AP*(S)
Pis Ps

-

{see also Chichilnisky, 1981, 1986), When «
is large, (C10) implies that X3 /dp, has
the sign of 2¢, / py — ¢, which is equal o
that of ¢, /10— 2p, /p, by (Bl Since hv
assumption ¢, /L < 2p, /py, (CHD is neg-
ative; therefore taxes lead Lo a lower p,; and
to an increase in exports X5(S). Nolice that
when o« is large, ¢, /D is the term repre-
senting the supply (8%) response to the
change in (crms of trade py,. while 2p. /py
i5 the demund response to pg. Thercfore
the ineguality ¢, /D < 2 pg / py implics that
dn increase in the price of & leads to a
larger increase i the demand for 8 than in
supply of B, a situation which is described
by stating that “income ¢ffects dominate™ in
the markel [or B. The rest of the pronf
follows from Proposition 2.

To simplify computations, in this proofl |
have taken ulility tunctions which effectively
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make the demand lor A in each region an
exopenously chosen parameter at an equi-
libriurm [sec cquation (B10Y). This follows
Chichilnisky (1981, 1986, 1993b), where it is
also shown that the results generalize to
more general wtilitics and demand  fune-
tions. This procedure allows ong to cxplore
the etfect of a tax which uncquivocally in-
creases the demand for non-resource-inten-
sive goods, the most [avoruble conditions
far the tax to work in the intended direc-
tion. Proving the results under such assump-
lions gives a stronger result than if demand
for the resource-intensive goods also in-
creased affer raxes,
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