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Property Rights and the Dynamics of
North-South Trade

Graciela Chichilnisky

Introduction

Property Rights, Trade, and Resource Dynamics

This chapter focuses on how the lack of property rights in North-5outh
trade of primary resources can distort trade and threaten the sustain-
ability of development. This issue is examined within a two-region world
economy where one region, the North, represents the industrial countries,
and the other, the South, the developing countries. The lack of property
rights characterizes a class of environmental problems arising from the
use of renewable resources as inputs in the production of traded goods.
Typical examples are rain forests used for timber, or destroved to give
way to the production of cash crops such as coffee, sugar, and palm oil.
In many developing countries, these resources are extracted from
unregulated common property sources; and that cwnership is shared
with future generations. Focus is placed on renewable resources because
it can be argued that sustainable development is all about the proper
management of the world's renewable resources. The atmosphere can be
considered a renewable or self-regenerating rescurce, as are bodies of
Wwater, forests, fisheries, and biodiversity in general. To a great extent, the
global environment is described by the dynamics of the productive use
of the earth's renewable resources.
~ There are two significant departures from traditional trade theory. The
first is that one input in production is an environmental resource. This
fesource iz self-renewable and in principle exhaustible, such as a forest
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or a fishery. Its population dynamics are represented by a differential
equation which describes the demographic progress of the species, ils
stock through time, This is a major departure because it adds an
underlying dynamic—an ecological dynamic—to the functioning of the
market. Thus, this analysis blends elements of general equilibrium theory
and dynamic analysis. The second major deparfure from traditional
theory is that the regions are characterized by their property rights
regimes based on the source from which resources are extracted. In the
North, property rights are well defined, while in the South, the
environmental resource is unregulated common property.

A seamless merging of a general equilibrium model of trade with a
dynamic system describing population dynamics is a major contribution
of this study. Their merging is achieved by a simple formalization: the
two systems meet at one point; they use the resource as an input to the
production of traded goods. This, in tumn, affects all economic variables,
including all prices of inputs and produced goads, in a typical general
equilibrium manner.

This simple formalization carries unexpected explanatory power. It
allows us to solve the entire two-country model and to analyze its
properties in a simple, explicit fashion. Using this explicit solution, a
rigorous comparative dynamics exercise is carried out to analyze the
impact of different systems of property rights in the two regions on their
prices, production levels, international trade, and welfare.

It is shown that differences in property rights are sufficient to explain
differing trade patterns between two otherwise identical regions, even if
these regions have the same endowments, preferences, and technologies.
Private and public gains from trade, and private and public comparative
advantages are shown to differ. The weaker the property rights, the
larger the difference. The current pattern of specialization in resource-
intensive goods by the South is shown to be inefficient for both the South
and the Moerth.

The succeeding sections of this chapler provide the following. Lemma
1 studies population dynamics, and the connection between property
rights and the long-run supply curve of the renewable resource. The next
step is to analyze market behavior. The general equilibrium model of
North-South trade is defined, and solved in one explicit resolving
equation provided in the Appendix. Theorem 1 then is used to establish
the patterns of trade implied by the difference in property rights between
the two regions, Corollary 1 establishes that the overuse of resources is
not dug to lower prices in the South. The Appendix formalizes the maodel
of North-South trade with variable property rights for an environmental
k.

Property Rights and the Dynamics of North-5outh Trade Qg

Resource Dynamics

The Dynamics of Renewable Resources

The strategy for studying the dynamics of the renewable
environmenial resource £ under different property rights regimes is as
_,.o.__ﬂ._},m. Emphasis is first placed on the dynamics of the resources
without, and then with, economic use. From this steadv-state behavior
the supply curve of resources is derived as a function of market 1_,m_n¢m”_
Then, it is shown how the long-run supply curve of the resource varies
with the property rights regimes.

A standard manner in which renewable resources—such as forests and
fisheries—are modeled is to assume a "population growth curve" that
describes the demographic progress of the species. If z, is the stock or
population size at time {, then changes in z over time are denoted by:

Z, = H(z), (1}
u...,_.ﬁum the function H has the form like an inverse U, ie, it is increasing
in z (population size) first, and then decreasing as overcrowding occurs.
A well-known case is when H(z) is quadratic in z, ie,,

2= H(z) = Pz - yz% with B, v > 0. (2)

Integrating both sides of (2) yields the classic logistic curve:
7, = Be, vz, + (B - yz,)exp(-Po)) (3)

.mm:m_:ob (3} represents the population growth without economic
intervention and within a stable ecological environment.
‘ MNow assume that the resource is haroested, or extracted for use as an
mput to production. Let £, > 0 be the total harvest at time {. The new
growth equation (ecology with economic intervention) is:

i=Hz) - E, (4)
E depends on the stock of z and input x:

E =F(z x) (3]

“..2 § be the opportunity cost of the input x, where x, for example, is

abor or capital, E.ﬂ let p; be the market value of the resource; g and p,

are constant over time. The profit from the production of E is: i

R = P, x) - g5, ©
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The optimal behavior under a private property regime implies that:

F'= @F(x)/éx = q/p;. (7)
The problem then is reduced to analyzing a single first-order differential

equation. . o
_m._,_u examine the stability of the steady-state solution, the m_Ezw..nEaE
mechanism for the input x is the quantity of the input applied to

harvesting the resource, which increases with profits, ie.,

X = um, where p = 0. (8)

The solution path of the adjustment process defined by (8) nmmwz_nm on
its initial value; the natural initial value is the _cnm.?.s_ population size
in ite natural environment, i.e., the long run-stock s_.,_E_uE eConomic
encroachment. In this event, the population size tends in the long run to
the steady state z°, where z* is a function of p; and g:

z' = 2'(pgiq). &)
The corresponding harvest or extraction is

E* = E'(p.lq). (10)

Resource Supplies in the Long Run

The solution z7p, /g) in (9) describes the behavior of ﬁ,m hmﬁn_..,.mEm
resource stock under private property regimes, Note that £ = 2°(p, /q) is
an increasing function of the relative market value of the resource, p,. For
each g, let E* = E (p;) denote the supply curve of the resource E in a
stationary state as an increasing function of pe. E*(p() Hmﬁﬁ.ﬂmqﬁ the mommm_
supply of the resource E as it is derived from (7), Le., maximizing profits
and internalizing fully the impact of each units extraction on L_,.H._.m
productivity of the following units. The next step is to study the variation
of the stationary stock of E, or, equivalently, of the steady-state solution
z', with Emm.._mnm to different property rights regimes.

Comparative Dynamics of the Stock of Resources with Respect
to Property Rights

For each property rights regime, the production function in _Hm.u_ is
redefined to reflect the extent to which the harvester takes into
consideration the externalities that its harvesting produces on the other
harvesters within that regime. For example, in the private property
regime, the harvester fully internalizes the impact of its catch on the

productivity of the next unit of input by taking into account the marginal
ﬁnoasric___n.___" of the catch (7). With unregulated common property
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resources, this may not be the case, leading in a limiting case to the so-
called "tragedy of the commons,” as discussed in Lemma 1 below, In
order to compare the supply curves in each case, the private marginal
cost curves associated with the production of a conumon property resource
(E) are derived explicitly.

Let there be N "harvesters” of a common property resource, indexed as
I'=1, ., N. Let ¥ be the input of harvester [ to harvest the common
property resource E. Let x = X x. It is assumed that the inputs of all
harvesters are identical and interchangeable, so that for each stock z, the
total harvest can be expressed as a function E = F{x) of the total input, It
is also assumed that all harvesters are symmetric, so that for a stock z,
each harvester oblains as its output a fraction of the total output equal to
the fraction that it supplies of the total input, formally E, = F(x)(x /x). For
a stock z, each harvester chooses its input level x, to maximize the value
of its share of outputs net of costs, p; E (x,} - gx,, taking as given the
output levels of others, E;, for j = I. Here, p, is the market-induced price
of the resource, which is an exogenous parameter for the competitive
harvester, and g is the "opportunity cost” of the input x;. Finally, F(x) is
assumed to be strictly concave, so that for each stock z, the production of
the environmental good E is characterized by diminishing returns, arising
perhaps from the application of increasing amounts of variable input x,
to a fixed body of land or water.

LemMA 1. Under the assumptions listed above, the long-run private supply
curve for the common property resouwrce lies below the social supply curve,

Progf. Consider a given level of the stock z, and let F(z, 1) = F(x). Then
the marginal product of the input x is F'(x), and the average product is
F{x}/x. By strict concavity, F(x)/x = F'(x). Let the private marginal
product of the input be Pmp and the social marginal product be Smp.,
With identical harvesters, if harvester [ uses inputs x,, his/her vield is,
by assumption, ¥, = x, F(x)/x, i.e., average vield per unit of input times
amount of input. Thus, harvester I's production function for E is given by
¥, = x; F(x)/x. Hence,

Pmp, = Fix)lx + x {[xF'(x) - Fx))ix?) = Flxiix + x/x[F =y - Fixyx).

Note that as the number of harvesters becomes large, xfx goes to zero,
and the private marginal product becomes the average product. In this
ijEﬂm rase, we recover the well-known result that harvesters equate
Input prices to average return rather than to marginal product, the basis
of the "tragedy of the commons." Since Smp, = F'(x),

Smp, = Pmp, = F'(x) - F(x)x - (x[F(x) - Fix)ix]

i (11)
= [Fx) - Flx)=](1 - x/x) < 0.
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Therefore, the social marginal product of the input is lower than the
private one. Since F is concave in X, for cach given z E..__u Pr the steady-
state quantity harvested under a common property regime 1s larger than
the corresponding amount under private property. Thus, the long-run
steady state of the stock is smaller in the case of common property
resources than the same steady state with private property. In a _ﬂ:ﬁdm
case, the extraction with common property regimes is sufficiently high so
that no steady state with a positive stock exists.

The dynamics of the renewable resource m._.EE how the stock &mvmﬂﬁm
on property rights. The supply of resources is clearly &.n.ﬂ_m:ﬁ_n:. on their
relative market price, p, /7, and increasing with the price p A

The next step is to explain prices through Emﬂrmm behavior. To mnu:_u_&_
matters, the input used in the extraction of E Ed: be capital K in the
following, and hence g = r, the rental rate of nmﬁ:&.. .:.5. two systems,
resource dynamics and market equilibrium, determine m_nﬁ:msannmuw
prices and resource use. This is formalized using a model of North-South

trade.

A General Equilibrium Model of North-South Trade

The model is a two-good, two-input, two-country model m__Hmmm to the
classic Heekscher-Ohlin model. Its equations and its solution are given in
the Appendix. In terms of its tnnmzizm.mzm:&z& structure, .ros.m...,”mn
there is a major difference with the classic model. Here, one input 1s 2
renewable environmental resource with its own ecological dynamics. In
the Heckscher-Ohlin model, inputs are exogenously fixed throughout. In
particular, the supplies of inputs, such as environmental wmmu:nnmm E, are
price dependent here, in contrast with the ImnrmnrmH.OE_.n theory where
thev are fixed. This difference is crucial, because it permits _Em_.ﬂm:, of
the relationship between the market and the ecological mw.um.ﬁﬁm, )

The steady-state behavior of the supply of the resource, E’=E’(pe), 1
generally an increasing function so that its inverse is pe = _m#._.,._m_. ,:.E
equation is used to compute the solution of the model. Its ,.,m.s.usz.., a..,m.p_._
property rights, which was established in Lemma 1 above, is crucial or
determining the patterns of trade and welfare in the world economy
under different property rights regimes. The slope of the sz&, mﬁ_ﬂw_u....j
for resources, equation (A.3) In the ,Pm._ﬂmﬁag varies _.._.q__w: ﬁ-..ﬂﬁm“m.
rights—namely the parameter a. Thus, property rights are linked with the
supply of resources to the economy 1n a crucial way. .

The general equilibrium for this ?E.E.m_u_.mﬁ Hc&m_ is forma ._.3. g
follows. Assume fhat the two regions are identical in most respects mxnm_.ﬁ
property rights. The endowment of capital input, K, is fixed in mm.FJ

is used to extract E, and the remaining capita

region. Part of capital . :
endowments, together with the extracted E, are used as inputs in the
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preduction of two goods, A and B, where B is assumed to be more
intensive in the use of the environmental resources, and A is capital
intensive. The production functions of A and B, where A = f(K,, E,) and
B = g(K;, Eg), are concave and constant returns to scale. The utility
function, LI{A, B}, is strictly concave, homothetic, and identical across
regions. E° = EY(p;} was derived in the previous section from the
ecological dynamics of the renewable resource interacting with the
optimal economic extraction rate, To simplify the computation of the
solution, E* is assumed to have a simple form, ie., EY = &P, /P, + E,
where & > 0 depends on the property rights regimes for E. A large &
represents ill-defined property rights, such as the case of common
property resources.

Utility U{A, B) is maximized subject to a budget constraint at given
price vector {p., r. P, pg). Under appropriate (strict) concavity
assumptions, this vields an aggregate demand vector for commodities,
denoted (D, , D) in each region.

Given price vector, the quantity of the input E supplied according to
the supply functions p, = p: (B}, and the remaining K wsed for the
production of goods, the supply of goods and the demand for inputs can
be derived from input market-clearing conditions.

The excess demand for each region is ®ip,, v, p,) = Dipg ., v, p2) -
S(pg. v, pe). At equilibrium, the excess demand in the world is zero, Thus,
the world equilibrium price vector (P, Py, r™¥, hn_.h,_,__ Pt hu.m.,_..”_ is solved by
zero excess demand condition, where superscripts indicate regions.

The difference in the property rights determines trade. As mentioned,
bwo types of supply curves for the environmental common property
resource are considered. Une is the private supply curve, derived from the
private marginal cost of extracting the resource, the other, the social supply
curve, is derived from the social marginal costs of extraction, which takes
account of the negative externalities that one user has on others (see
Lemma 1). One supply curve for the North is considered, its social
supply curve, and two for the South, both the social and the private
supply curves. Using the two different curves in the South (private and
social) leads to different concepts of comparative advantages and of gains
from trade.

A new concept of comparative advantage must now be defined: Region
S is said to have a comparative advantage in the production of good B,
which is intensive in the use of the input E, when for each price p, the
supply of E relative to that of K in region § is larger than the
torresponding relative supply in region N at the same time. It is
Necessary to differentiate between private and public comparative
advantages as follows. Private comparative advantage in region S is defined
by using the private supply curve for E in the South; public comparative
advantage is defined by using the social supply curve for E.



4 G. Chichilnisky

Different supply curves will also give rise to different production
bility sets; these are used in the following analysis to define gains
de. Consider at each price vector the quantity of E supplied
ate supply curve E = E(Py), and the corresponding
quantity of K = K{r). With these two quantities of E and K, it is possible
to compute all of the combinations of outputs A and B which are feasible
using the production functions f and g. This set is denoted PP(P). Taking
the union for all p, the private production possibility set PPS™= U PPAF),
which is assumed to be convex, is obtained. Performing the same
procedure, but using the social supply curve E = E9P,), yields the public
production possibility set PPS” = LI PP(P), which is also convex.

Gains from trade are defined as usual. They are given by the increase
in utility U(A, B) associated with a move from an equilibrium allocation
in autarchy (each country in isolation) to a world equilibrium. Public gains
frams trade are computed by comparing welfare in autarchy and at a world
equilibrium, with respect to the model with public production possibility
sets. Private gains from trade are defined in the same fashion, but using the

possi
from tra
according to the priv

private production sets.

Since private and public supply curves are similar in the North, the

North's public and private production possibility sets are also similar.
Thus, private and public gains from trade are the same in the North. This
is not 5o in the South. The weaker the property rights in the South, the
larger will be the divergence between the public and private supply
curves, and between the private and public production possibility sets.
Therefore, the weaker the property rights in the South, the larger will be
the divergence between its private and its public gains from trade.

North-South Trade and the Dynamics of Renewable Resources

The next step is to integrate all of this information into a coherent
whole, The following result analyzes the properties of the market
equilibria of the North-South model, and uses Lemma 1's results on the
long-run behavior of resources with different property rights regimes.

In order to emphasize the role of property rights, we can assume that
both countries are entirely symmetric except for property rights.
Therefore, bath have the same endowment of capital, which is used either
as an input to the extraction of resources E with the identical technology.
or as an input, together with E, for the production of two internationally
tradable goods, The technologies of the production are identical, and the
utility L{A, B) is identical across coundries as well.

According to the Heckscher-Ohlin model, these countries have no
motive for trade: autarky should prevail. Indeed, if private property
regimes would hold in both countries, these two regions will not trade-
The autarkic solution is a Pareto-efficient world equilibrium.

Property Rights and the Dynamics of Norlh-South Trade 0%
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Now consider the differences in property rights across the regions
Even Eo:.,_w_._ both countries extract £ using K and the same Enwﬁ.wc .
as shown in Lemma 1, for any given market price, the quantity mxﬁnmnmww
in a steady state will be higher in the South, which has ill-defined
ﬂSﬁE..S. nm.rﬁm. This introduces an illusory difference between the
countries, with the South appearing to have more abundant resourc
mc_wﬁ_u.“_mm than the North. Hence, the two countries trade. )

1s possible to compute the level of trade and price ideri
m,_.E,,._._m_, world economy identical to *ETEE.EENDH%&MWMM..W“M.NHM
w_mq.ﬁ..c but taking into account that the South (for whatever H.mE.,h_.__w__ has
a ...:mmwn:*.m:ﬁﬁ% function for E than the North. Indeed, the South rw.u
a more price-responsive or "flatter” supply curve for E than does Em
MNorth, as established in Lemma 1. An .Eﬂmqmmn.:.m and useful property of
m..m... North-South model which was developed in Chichilnisky (1993) Eﬂrm
existence of a single equation, called the '"resolving aatw&oﬂ ) which
_umﬁmnn.m on all the exogenous parameters of the model and from which
._.ﬁ mm:EEmf..n values of the terms of trade Py can be computed. Once
this value Py is known, all other endogenous variables of the model can
be n.n_H_unHa from it. This resolving equation, which has been used
m_.mﬂozmhw to carry out detailed comparative static exercises explicitly and
rigorously in the North-South model, allows us to carry out comparative
Muﬂmﬂmﬂ_ as E_mF since one of the parameters relates to the long-run
thﬂﬂ.n._n behavior of stock in the resource as a function of the property

Hmmn.mm_v._ 1. Assume that the North and the South have the same
technologies, preferences, and natural endowment of environmental
inputs. If the South has ill-defined property rights for the m:,ﬂo_._ﬂmznwy
M:_”.F,_r then m_. a 4_,..,2,_& equilibrium, the South will export
m“, Lhﬂﬂﬂmzwmmw.ﬁﬁnﬂqn m...__un_m_ The South will exhibit private gains
iy wwﬂmwsm_“muw ” MHM”% ”.H.wnm it muﬁmn.nm more environmental resources,
B e m?.ln_.__.. ports more envirenmentally-intensive goods (B)
n:ﬂHﬁ%ﬂaH: that the two regions are identical, but because of the

S ﬂ_avmnnm Emr,mﬁ:ﬂm South's supply of E is given by the
ikt _Mwu y curve EP;) while the North's is its social supply E(P,).
: ~at world equilibrium prices, p; and py; the correspondin
actor prices, p; and #*, are the same in both : b h .
regions have the same technologi o 3 abee e S
B ol o same technologies. From Lemma 1 above, the South
K o rmzo_.m_.ﬂ;EEEZm:E resources than does the North at the same
iy nmn_m.m mw Zn .mozwr produces a larger amount of the traded good B
E _.E.m:mm“qm e m.__uu .E. FE_:...,mﬁ..,, n,w:m is a consequence of the fact that B
- in the input E, which is more "abundant” in the South. Since
gorem assumes that the two regions have the same homothetic
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utilities, and the two regions face the same relative prices for goods A
and B, the North and the South demand goods A and B in the same
proportions. Since, in equilibrium, the supply of B in the South is
proportionately larger when the international markets clear, the South
must export B and the North must import B; that is, the South is an
exporter of environmentally-intensive goods.

Since the two countries are identical except for property rights, when
the two have well-defined property rights, they do not trade (autarky).
m”m the first welfare theorem, the private property compelitive equilibrium
is Pareto efficient. Moving from autarky to trade increases the
equilibrium price of B, and hence E increases in the South, which implies
that the South produces more than Pareto efficiency requires. O

Note that the environmental overuse described in Theorem 1 is
induced by a competitive market response to the lack of property rights
in the South,

COROLLARY 1. If exports of fthe envivonmentally-intensive good B by the
South lead to the equalization of the price of environmental resources used as
inputs in the two regions, the South will still use more envivormental resources
than the Novth {and move than is Pareto optimal) unless property righis for fhe
commion property respurces are improved in the South. If property rights are nol
improved in the South, then the exports of envirenmentally-intensive goods and
their domestic production would have to be curtailed in order fo achicve patterns
of conswmption which duplicafe the social optinum,

This follows directly from Theorem 1 and Lemma 1. The significance
of this corollary is to emphasize that the overuse of environmental
resources by the South is not necessarily caused by prices being lower in
the South than in the North, as it is often thought. Equalizing prices
through the international market will not resolve the problem of overuse
of environmental resources.

Conclusions

It has been shown that different property rights regimes for
environmental resources can account for the pattern of trade between the
Maorth and the South. The South exports environmentally-intensive goods,
even if it is not well endowed with them. Improving the property rights
will lead to higher prices for the environmental inputs, lower extraction
and exports by the South, and lower consumption by the North. All in
all, property rights improvements in the South could check the main
economic source of overuse: prices which are below social costs.

Similar examples hold for land resources. Recently, the government of
Eruador allocated a piece of the Amazon (the size of the state of
Connecticut) to its Indian population, a clear property rights policy.

Property Rights and the Dynamics of North-South Trade s

Under the conditions of our theorem, this policy should lead to a better
use of the forests’ resources and to a more balanced pattern of trade
between Ecuador and the U5, Jose Maria Cabascango, the representative
of the Indigenous Nationalities of Ecuador (which comprises about two
million people), has expressed their resistance to the overuse of the
Amaron for oil exploitation, or for growing cash crops for the
international market.

Property rights may change slowly, however, because they require
expensive legal infrastructure and enforcement. Poor countries may find
themselves unable to accommodate such policies quickly, But the
improvement of property rights for indigenous populations in developing
countries, which comprise most of the world's population, nmnz._ﬂ:.m
should be considered a major policy goal. This represents a small but
apparently growing trend in Brazil, Bolivia, Colombia, Ecuador, the
French Guyana, and Venezuela. Support from international organizations
in establishing legal frameworks and enforcing the rights of indigenous
populations should be more desirable. Conversely, any policy designed
to remove the rights of locals and increase the land available for cash
crops oriented solely to the export market should be suspect. Indeed,
recent studies show that 90 percent of the tropical deforestation occurs
with the purpose of transforming forests for agricultural use, much of it
for cash crops for the international market (Amelung 1991; Barbier,
Burger, and Markandya 1991; Binkley and Vincent 1990; Hyde and
Newman 1991). The World Bank's emphasis on exports of agricultural
cash crops as a foundation for development is, in this light, contradicting
the North's stated desire to preserve global environmental assets, Such
policy contradictions should be resolved immediately, since they lead to
an enormous and dangerous waste of resources.

It seems worth noting that environmental overuse in the South does
not occur solely because the locals overconsume their resources, but
because they export these resources to a rich international market at
prices which are below social costs, This is why the global environmental
issue is inextricably connected with North-South trade. The South
overproduces, but primarily because the North overconsumes. The
International market transmits and enlarges the externalities of the global
Commons. No policy which ignores this connection can work.

Appendix
The Equilibrium Solution of the North-South Model

Factor endowments in the two regions are variable, depending on
factor prices. Taking the South as an example: The fixed endowment af
Capital K is used in the extraction of E* and in goods production. Hence,
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k* < K, and the supply of capital for the production of goods A m:n_m B is
% = K - K. By a fixed-proportions technology in each sectar, efficient
production plans satisfy 5" = E'f#, = K%/c;,, and A’ = m”_m__F = wm /ey, where
the superscript s denotes supply. Recall that E* + E° = E’ varies with
prices, and so does K+KfF=K=K-K".

Assume that B is more resource intensive when compared to 4, so that
D = {a,c, - a.0;) > 0. Equations (A.1) and (A.2) define an equilibrium:

ﬁhnnuhm.+n_ﬁ _Tr.ﬁ_
and

Py =ap: *c, {A.2)
where P, and P, are the prices of A and B, respectively, p; is the price of
the resource, and r is the rental on capital. As shown in the text, the
environmental resource E supplied in equilibrium E* is an increasing
function of P, for any given g = r. To simplify the computation of

solufions, let

E* = apyip, + E°, (A3)
where @ > 0 depends on the property rights regimes for E. A large &
represents ill-defined property rights, such as the case 21, common
property resources, The parameter o can vary as a continuum, indicating
a variety of "shades” of property rights between the two extreme cases.
Because of Lemma 1, the less the externalities which one harvester
produces for others are internalized, the larger will be the slope of E°, &
Similarly,

K*=K - K% sothat K* = pr + K, for some fp > 0, (A4)
indicating that when the opportunity cost of capital r is higher, less
capital is used in extracting E, and K® is lower (as mﬁ.ﬂi: in Lemma 1);
therefore, more capital K is available for the production of maoﬁm A and
B. For a given property rights regime, factor supplies vary with factor
prices, so that the overall production possibility frontier exhibits m.:w.m__:::_é
in the tofal use of capital and environmental resources. In equilibrium, all
markets clear. Since the economies are identical except for property
rights, there are nine exogenous parameters: a;, ;. s £z, B, K, E°, and
a(N) and @(5). After adding a price-normalization condition, a EE.H of
twenty-six independent equations is obtained. There are nimsmw.-m_m:hﬁ
endogenous variables, fourteen for each region: p, pg., pe. 1, E7 E% K K
A5, A%, B, B, X3, so the system is underdetermined so far up to n..:_.:_
variables, which reflects the fact that demand has not yet been specified.

Property Righls and He Dynamics of North-Smah Trade Jon

We consider a demand specification which allows us to obtain the simple
analytic forms:

Uid, BY = B + kil A4 » A%, k= 0, and
[i{4, B) = B + yA otherwise, ¥ = —kAT =,

Then for p, = 1/y, agents demand A", thereby choosing k and » in U
appropriately.

Thus, we have a system of twenty-eight equations on twenty-eight
variables, depending on nine exogenous parameters. The economies of
the two regions are identical except for the parameters #(N) and &(S),
which depend on the property rights for the common property resource
in each region.
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Environment, Welfare and Gains
from Trade: A North-South
Model in General Equilibrium

Xinshen Diao and Terry L. Roe

Introduction

Environmental eifects on welfare and gains from North-South trade are
modeled by adapting the traditional Heckscher-Ohlin framework to
account for pollution generated from production and affecting health and
utility. As incomes grow, a greater proportion of income is spent on health
including expenditures to mitigate environmental effects. Expenditures
on health range from a high of 12 percent of gross national product in the
US. to an average of about 4 percent in developing countries (World Bank
1993). Based on data from 25 countries, Gertler and van der Gaag (1990}
estimate that health care expenditures rise by about 1.32 percent for every
One percent increase in a country’s gross national product. Consequently,
health has become an important impetus for environmental protection in
wealthy countries, as trade disputes between U.S. and Mexico over phyto-
sanitary standards (Robert and Orden 1995}, and the EC's ban on beef
imports from the U.S. and other developing countries containing growth
hormones (Runge and Nolan 1990) suggest. Agricultural pollutants that
enter the food chain have received considerable attention in the L5,
(Caswell 1991). 1.5, epidemiological evidence suggests that 2-3 percent
of all cancers associated with environmental pollution occur from exposure
Y0 pesticide residues on food stuffs. Emissions of particulates are suspected
of causing 20,000 to 30,000 premature deaths each vear in the U.S, (Chivian
1993). High levels of morbidity and shortened life expectancies in
developing countries have direct environmental linkages. The World Bank
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