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North-South Trade and Basic Needs

- GRACIELA CHICHILNISKY#*

1. Basic Needs and International Markets

The concept of basic needs has received widespread attention in
the development literature over the last ten years, since its inroduction
in the early seventies in the Bariloche Model. This model was produced
in the Fundacion Bariloche, Rio Negro, Argentina over the period
1972-76, under the auspices of the International Development Rescarch
Center of Canada: see e.g. Herrera et al. (1977) and Chichilnisky
(1977b). The model was first presented at ITASA in (1975), at a confer-
ence chaired by Tjalling Koopmans. The model itself, and its introduc-
tion of the satisfaction of basic needs as a goal of development has
been subsequently discussed by several authors; see e.g. Nordhaus
(1975), Streeten (1978), and Hopkins et al. (1976). In 1976 the basic
needs concept was brought 1o the attention of the wider international
development community during the World Employment Conference of
the International Labor Organization (ILO). A number of papers and
books studying basic needs development strategies followed: see e.g.
Richards and Leonor {1982). These refined and extended the ideas
introduced in the Bariloche Model, which defined a basic needs devel-
opment strategy as one aiming for minimum levels of per capita con-

Editors’ Note: This paper is published with kind permission of the author and
Intemational Instinne for Applied Systems Analysis, 2361 Laxenberg, Austria.
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sumption of food, shelter, education, and health. The Bariloche Model
explored whether the goal of satisfying basic needs was within the
reach of the developing countries, within thejr €Xisling constrainis on
resources and population. The answer was positive, but qualified: many
reforms appeared to be needed for regions such as Africa to reach this
goal. The model simulated these reforms, planning development paths
lo reach these goals under different scenarios and for different regions
of the 125. However, because of the model's large scale, these
cconomic plans were highly aggregated and left large areas of
cconomic behavior unexplainad. For instance, little attention was paid
lo domestic or international market behavior.

E,m;Sﬁ are powerful econcmic forces in developing and industrial
countries alike. In particular, the international market has becoma an
Eﬁaﬂﬁﬁ? powerful force in the world economy, even affecting those
countries with a certain degree of central planning, following the
unprecedented growth of international trade from 1945 10 the mid
E,._cm.# Large scgments of the GDP of industrial and developing coun-
lries are now linked to international markets,

.H.m_. in spite of the increasing degree of internationalization of our
cconomies, the concept of basic needs has heen cssentially viewed in
much of the literature as a domestic issue. The Bariloche model dis-
cussed basic needs in the international context, but did not analyze in
detail the impact of international markets on the satisfaction of basic
=nm&, since it was fundamentally a planning model. The studies on
basic needs strategies that followed the Bariloche wark have focused
mostly on domestic policies, and little has been said about the connec-
Lion am_ﬂog basic needs and the international policies of developing
nnE..,Enm. However, the international policies of an economy play a
significant role in determining the level to which basic needs can be
sausfied domestically.

. This paper examines the missing link between international poli-
cies and basic needs policies, by aﬁhmmmmam alternative trade theorics
..Hn.“ exploring the policies that each suggests for encouraging the
wmﬂm?nnau of basic needs in a developing economy. The Appendix
ua..._nnm computer simulations of a model of North-South trade, and
examines W.z practical terms the impact of exports on domestic con-
sumption, investment, employment, and wages. We find that in some

1. Sce for example T.EFE Reponts I (1978) and TT (1980) of the UNITAR Project
Muma‘“.wn:nc_cwm Distribution and North-South Relations, UNITAR, New York
L USA.
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cases the expansion of trade is favorable to the satisfaction of basic
needs but in other cases it is not. We encounter result thal may scem
contrary [o existing notions of gains from trade and advantages derived
from international specialization. We also question the effectiveness of
the international market in transmitting growth from one region Lo
another:'we show that an industrial expansion of the North may lead to
a new market equilibrium with a larger volume of exports from the
South, but may at the same time reduce export revenues and the level
of industrialization in the South. Morzover, this increase in exports
may be associated with a worsening of the distribution of income
within the South. Under such conditions, then “export-led” develop-
menl strategies are not favorable to the satisfaction of basic needs nor
to wider development objectives. There is, therefore, a need for policy
measures that correct such conditions before gains from trade can be
assured, and we discuss alternatives to export-led policies that may be
preferable ontil these conditions are corrected. These aliernatives
involve a more balanced view of development that relies on domestic
markets as well as the international markel and concentrates on raising
domestic productivity in crucial sectors of the economy.

The rest of this paper is organized as follows. Section 2 summa-
rizes the standard neoclassical development and trade literature, which
provides the intellectual support for much of current development
policy in the North and South, as well as in the major international
financial institutions. Tt presents also a summary of criticisms of this
body of thought, including some that accept the basic paradigm, but
seek 1o cope with anomalies, and others that reject the basic paradigm
altogether. Section 3 outlines a North-South model which we devel-
oped and tested econometrically in the context of a UNITAR project,?
and which is presented formally in the Appendix. This model remains
within the framework of perfectly competitive markets, though it intro-
duces into this framework assumptions that could be considered more
realistic, and that are in part suggested by some of the critical litcrature
reviewed in the second section. Section 4 discusses the main resuls.
We conclude with some policy inferences and recommendations. An
Appendix summarizes the theoretical structure of the model and dis-
cusses several empirical illustrations.

2. See for example James and Pearce (1985) and Samuelson (1962).




064 North-South Trade in Manufactures
2. A Brief Survey of Trade Theory

The impact of international markets on the functioning of domestic
economies is now generally acknowledged. However, recognition of
this impact within the industrial economies is rather recent; it largely
emerged due to the changes that ook place during the seventies in the
international markets for energy. By contrast, within the South the
international market has always been considered of fundamental
importance to the domestic economics, because of the traditional
reliance of many of these countries on exports of raw materials and
labor-intensive products.

Over the last thirty years there has been developed in the North a
consistent body of formalized theory on the effect of rade on domestic
economies. This theory has two main pillars: the results on gains from
trade and intermational specialization, and the results on factor price
cqualization. Both these results have been generalized, expanded, and
applied very widely, and their conclusions have reached the non-
economist and become common and mostly undisputed knowledge
within the North. These results are often used to substantiate claims
that more trade is better for all, especially when the relative advantages
in the trading regions are exercised. For the limitations of such claims
see Samuelson (1962).

Standard neoclassical trade theory is usually presented in the
framework of the Heckscher-Ohlin model of two regions trading with
each other. Each region produces two commodities using two factors of
production, labor and capital, One good is produced in a more Iabor-
intensive way than the other. These two countries are identical in all
respects except for a difference in factor endowments that leads 1o
differentials in product and factor prices in each region. In isolation,
that is prior to trade, the labor-intensive product in the labor-abundant
country has a lower price than the same product in the other country. In
1solation, 'the rewards 1o labor (wages) are lower in the country with
more labor. When intemational trade in commodities opens, the prices
of commodities move closer 1o each other across the two regions. As
the international and domestic prices of the two goods become equal,
higher levels of welfare are attained by both countries because each can
consume more by specializing in the exports of the good in which it has
a relative advantage, while importing at lower prices the good in which
the other has an advantage. These welfare gains are usuvally referred to
as “gains from trade” as discussed by Samuelson (1962). Figure 1
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illustrates these points.

A further result links these gains from trade and specialization with
the equalization of factor prices, In general, factor prices can be diffe-
rent in the two regions becanse factors are not traded intemationally,
Stolper, Samuelson, and Pearce found conditions under which, follow-
ing the equalization of commodity prices in the international market
equilibrium, factor prices (wages and profits) in the two regions will
also equalize. These conditions require that both countries have the
same lechnologies, as well as other constraints. Under these conditions,
therefore, free trade will lead to a rise in the real wage in the labor-
abundant region. Free trade, and specialization in the production of the
labor-intensive good would therefore lead to an improvement in the
distribution of income within the South, as well as an increase in the
welfare of both regions. These results encourage, therefore, the inter-
national division of labor, in which the labor-rich region specializes in
labor-intensive goods, and the capital-rich region in capital-intensive
goods. Note that, as wages in the South increase through fre¢ trade, the
relative advantage of the South also decreases as rade proceeds. This
theory, therefore, predicts that relative advantages tend to disappear
with continued trade, and that the international division of labor is a
lemporary, even self-destructing phenomenon, Whatever inequalities
are introduced by it are predicted to be purely temporary; in the long
run the world economy is expected to move towards a more cqual siate,
Figure 2 illustrates these points.

The results on gains from trade and specialization and on factor
price equalization have been powerful enough-to shape most forma-
lized thinking on the theory of trade and international economic rela-
tions. They have also permeated policy thinking in a pervasive manner.

However, it is becoming nereasingly clear that there are several
factors that have not been considered in these theories, and which may
have a striking effect on market behavior. Moreover, concerns have
arisen about the general validity of policy thinking based only on
Heckscher-Ohiln theory.

It is generally acknowledged that this theory has not provided an
adequate explanation for a salient feature of the postwar period (1945-
1970). During this period. the volume of international trade increased
in an historically unprecedented fashion,? while wealth differences and
the division of labor between the North and the South increased

3. Foradiscussion of the unprecedented postwar increase in intemnational Irade, see
for example Chichilnisky (1982),
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significantly.* Furthermore, the distribution of income within the South
did not improve during this period.® Neither the results on gains from
trade and specialization nor those on factor price equalization seem

ﬂwﬁnﬂﬂﬁhua g : consistent with these facts. Of course, exogenous historical

basic good) - i wﬂwuhﬂ“.u_.. i explanations could be invoked, but this would amount to an implicit
3 A\ === 7 = prices in trade recognition of the limited explanatory powers of the theory.

j equilibrium A number of allemative explanations have been proposed for the

et e el striking developments in the world economy during the period 1945-
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budget st Z for the region is in general larger than ¥ therefore a higher level of ﬂ.nmuqn
W, ean be achieved with free trade. The tangential intersection of the welfare W, with the
production set ¥ determines the output of goods B and [ in equilibrium before wrade, and
their relative price is given by the tangent line T. When intemational trade is opened, the
price of the labor-intensive good B increases, and at the new prices § the budget mo.« the
country is given by the triangular set Z. Note that afler trade basic goods are RE:..W@
more valuable than before, and more B is produced: the output of B increases from B! 1o
B2, More labor is employed st the new prices since B is labor-intensive. Wages can be
shown to increase with an inerease in the price of B {see the b_ﬁ“ﬁ&ﬂ. .H._.E _uo_nh_._cﬁw

ializes in and expors 8, it impors [, and it is beuer off after trade since 1t cons
_nﬁ_umﬂw of both. In mi_”.onw«n, the iﬂc_.muﬂ level after trade, W5, is larger than that befor

trade, W,.

1970. However, these have not produced a body of formalized theory
with the ngor of the neoclassical theory. Therefore, they have lacked
policy utility and have not carried as much conviction as the neoclassi-
cal theory.

The most significant representatives of these alternative theories
can be grouped according to the weights that their analysis assigns to
market vs. non-market factors. In general, those that assign more
weight to markets tend to offer a higher degree of formalization or
quantification.

Significant representatives of the analysis that focuses primarily on
markets are R. Prebisch and W.A. Lewis. Both emphasize the dangers
of over-reliance on international markets as an “engine of growth™ for
the South.

Prebisch gave a variety of market-related explanations for North-
South inequalities, perhaps the best known being his work on the
deterioration of the secular terms of trade between products exported
by the industrial counties and those exported by the “periphery”
(Prebisch 1950, 1959). Prebisch's analysis is based on the premise that
the demand for raw materials and labor-intensive products rises less
than the demand for industrial products as incomes rise. Thus, over
ime, the relative prices of products exported by the South must
decreasc. Prebisch's work has led to the emergence of what are now
widely known as import-substitution policies in Latin America. Lewis
(1952, 1977) has contributed a wide range of powerful insights into the
economic relationships between the North and the South, the most
cclebrated set of ideas emerging from his model of developing
economies with unlimited supplies of labor and the determination of
what he refers to as “factoral terms of trade™ for North-South trade.
Lewis assumes that labor supply in the South is infinitely elastic and

4. For a discussion of increases in North-South differentials during this period see
Chichilnisky (1982).
5. See Chichilnisky (1982).
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brium quantity of expons at home is zero, and the price is the domestic price py. Simi-
larly, the equilibriom price abroad is g, in isolation. When intemational rade opens, an
international trade equilibriom price p* is reached, and the quantity of exports equals (*.
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tion wage rental before trade ar home (wir)®, and smaller than the wage rental before
trade abroad (wir). Factor prices and prices of commodities equate in the trade equili-
brivm and improve the wage rental ratio in the South to (wir)®.
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thus that the level of employment is determined solely by demand. The
real wage is pegged to the subsistence level, and terms of trade between
the two regions are determined by their respective levels of labor pro-
ductivity in agriculure. Lewis' analysis leads him o conclude that
export-led policies may have a limited value for the South, that the
growth of the North is not necessarily linked positively with the growth
of the South, and that there is a need for an endogenous “engine of
growth” within the South. .

The dependencia theory in Latin America, some of whose repre-
sentatives are F. Cardoso, P. Baran, G. Frank, T. dos Santos, O. Sunkel,
and M.C. Tavares, combined explanations of underdevelopment based
on post-Marxist power relations with an analysis of markets. These
theories had little or no formalization, and therefore could not be used
for policy formulation.¢ A central theme in these studies is the impact
of a “foreign industrialized sector” on the rest of the ¢conomy of a
developing country. This foreign sector is associated with technologies,
market demand structures, and distributions of income, ie. with
patterns of development, which reinforce the dependence of the devel-
oping economies on the economies of the center. Finally, a number of
other authors have largely disregarded the behavior of the marker as
having insignificant explanatory power, and have addressed themselves
instead to the power structure of classes and to certain historical devel-
opments of capitalism, such as accumulation of capital within and
between the industrial and developing regions. Among this last group,
the most significant are the Marxist economists A. Emmanuel and 5.
Amin, neither of whom sought to formalize their assumptions or
results.

Formalized economic theory allows for more accurate empirical
testing, and also for the evaluation of altemnative policies. Perhaps even
more importantly, formalization allows for more consistent “thinking
through™ of ideas. Formalized theories can therefore grow, disperse,
and frequently be applied better than non-formalized ones.

Another advantage of formalization is that it allows one 1o com-
pare, in a precise manner, the assumptions of different theories, so that
the discrepancies in their results can be explored with precision. This
can improve the level of the analysis and help clarify the validity of the
results. With this understanding we decided, within our UNITAR pro-
ject,” to develop a body of formalized theory that could be helpful in

6. Sce for example Palma (1978).
7. Project on Development and North-South Trade, This was sponsored by the UN,
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analyzing some of the stylized facts of development and trade that
appear to defy explanation by the existing formalized theories. Simpli-
fied versions of our model have been produced that are rather close to
the general equilibrium trade models of the Heckscher-Ohlin type. Yet,
under certain conditions our models yield results that appear strikingly
different from the conventional results of pains from trade and factor
price equalization exercises. This is the subject of the next section.

3. A Model of North-South Trade

In this section we present a simplified version of the North-South
model. The equations, main theoretical properties, and simulations are
presented in the Appendix. This model differs from the Heckscher-
Ohlin model in two main respects: the production system of the South
is different from that of the North, and the labor and capital supplies of
each region are responsive to real wages and profits. By conirast, in the
Heckscher-Ohlin model, the two regions have the same production
systems and total endowments of factors are fixed. This model was
estimated with time series data for Sri Lanka and the United Kingdom
trading with each other, and the estimation confirmed the results which
we shall discuss next.3 Sri Lanka and the United Kingdom were chosen
to estimate the parameters of the model because as trading regions they
correspond roughly to the stereotypical assumptions of the North-South
model, Simulations of the model have also been performed with data
for Argentina, Mexico, and the United States.?

We shall now describe those characteristics that the model has in
common with that of Heckscher-Ohlin. There are two regions, denoted
North and South. Two aggregate goods are produced, consumed, and
traded by each region. These are denoted B, basic consumption goods,
and /, industrial goods.'® Neither region is completely specialized in
production of one or the other good. There are two factors of produc-
tion, capital and Iabor, in each region; the owners of these factors pro-
duce, consume, and trade the two goods. Goods are produced uosing

FUMDPAP, the Hun—um-.___._._.n-.— of Economics and Social Affairs, New York, and
the UN Institate for Training and Research (UNITAR), directed by S. Cole and
(. Chichilnisky.
8. Sce Podivinsky (1982).
See Chichilnisky and McLeod (1953).
10. For the precise conditions, see Proposition 1 of Chichilinisky (1981) and also
Chichilnisky (1983a).

"IQD
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constani-returns-to-scale technologies. The industrial good is more
capital intensive and the basic good more labor intensive in both
regions. The South exports basics and the North industrial goods.

In a trade equilibrium, the amounts produced, consumed, and
traded within and beiween the regions are determined through the
clearing of markets, i.e. supply equals demand. There are four domestic
markets (lwo markets for factors, and two markets for goods) and two
international markets (for goods). The international market equilibrium
determines the prices of both goods and the returns to factors, ie.
wages and rates of profits in each region. Each trading region is con-
strained by its budget, so that exporl revenues and import costs ars in
balance. In equilibrium the relative price of each traded good is the
same in the North and in the South.

We now discuss the differences between our Morth-South model
and the Heckscher-Ohlin model. As already mentioned, the two regions
have here different technologies for the production of goods, and the
supplies of factors of production in the two regions, capital and labor,
arc responsive to their rewards, rates of profits and wages. Further-
more, we assume that the responsiveness of labor supply to real wages
is rather large in the South, while less so in the North. The high respon-
siveness of labor supply to real wages is a measure of the abundance of
labor in the South. This could be interpreted as indicating a high level
of migration from the subsistence part of the economy (such as rural
areas) to the market economy. In a limiting case, when this responsive-
ness is infinitely large so that labor supplies never represent a con-
straint, this would be identical to Lewis’ assumption of unlimited sup-
plies of labor. However, Lewis' assumption implies that wages arc
always pepped at the subsistence level, while in the North-South
model, by contrast, wages do vary with supply and demand conditions.
This is because despite the fact that labor supply is highly responsive to
wages, it is not infinitely elastic in our model. The high responsiveness
of the labor supply in the South is denoted abundance of labor. We
should note here that the responsiveness of the supply of a factor 1o its
price may depend not only on its relative scarcity but also, in some
cases, on the degree of market control exercised by the group that
supplies the factor (i.c. workers or capitalists). For instance, at present,
labor in the South is clearly much less organized, and has less market
power than in the North.

The behavior of factor markets is formalized as follows. We
assume that labor supply increases with the real wages.

4
i
o
&

ot i | b e b a1 54
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W
Pa

where w/Py is the real wage and o is the positive response of labor
supply to real wage. Similarly, for capital supply

L=q +L,.a>0

K=Br+K,B>0

where r is the rate of profit and B is a positive response parameter. In
the South the parameter o is large, i.e., labor supply is very responsive
to real wages, and the parameter f is small, i.e. capital supply is not too
- responsive to the rate of return. The opposite is true of the parameters o
and B in the North. Special cases of this model, where K =K and L = L,
have been studied (see Chichilnisky 1983a).

We now discuss the results on gains from trade and specialization
and on factor price equalization in the context of the North-South
model, and we shall explain how the characteristics of this model lead
to the various results. We start by indicating, by means of Figure 3,
how the geometric illustration of the gains from trade and specializa-
tion, given in Figure 1, is no longer universally valid when factors are
in variable supply.

The second difference between the present model and the
Heckscher-Ohlin model is that in the North-South model different
regions have different technologies. This is formalized by assuming
different production functions for the two regions.

In the Heckscher-Ohlin model, production functions are assumed
to show constant retums to scale, and to be identical in both countries.
We also consider constant-returns production functions, though for
analytical simplicity we use here fixed factor proportions. Extensions
to Cobb-Douglas or CES production functions are discussed in Mahran
(1982). Let B denote a basic good and / an industrial good. If BS and /S
denote outputs of the two goods, the two production functions are

BS = min (L%/a,, KB/c,)
15 = min (Lf/a,, Ki/c,)

where ¢, and ¢, are capital/output ratios and a, and a, are laborfoutput
ratios in the two sectors, respectively. As is well known for such tech-
nologies, the difference in factor intensities in the two sectors is given
by the expression D = a,c;—a.c,. We assume here that D is positive in
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achievable at the equilibrium (W,) are now lower. The figure illustrates how = lower level
of welfarc is possible after trade, if factor endowments are price dependent.
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both regions, but much larger in the South than in the North. This
means that the good B is produced in a more labor-intensive way
both countries than the good /, but B is much more labor-intensive than
I'in the South.

Casual observation suggesis that differences in capital/labor inten-
siues between the technologies of the i-ve seclors are mdeed larger in
the South than in the Norih.: Empirical observatons confirm this.
Developing economies have significant differences between the pro-
duction systems of different seciors, and we refer to this as
“technological dualism™, This fact has been pointed out in the theories
of dual cconomies for many years, starting with the less formalized
work of the Latin American economists already mentioned, However, a
major difference between our work and previous studics of dual econo-
migs is that while those studies attempted-to explain a division of the
economy into a market and a subsistence scctor, here we consider that
markets operate throoghout the economy, and dualism appears here
only in production, Otherwise, in our model, the economy is com-
pletely integrated and all its parts interact in a geneal equilibrivm with
each other. In particular, wages and prices are determined through the
interaction of all markets. It should therefore be kept in mind that the

terms “dual technologies” or “dualism in production™ have rather

different meanings here than elsewhere in the literature.
4. Basic Needs and North-South Trade

We now summarize the results obtained with the North-South
madel. When the economies of the South have very abundant labor and

significant dualism ir. production, and increase in the exports of the

labor-iniensive basic consumption good will necessarily decrease the
price of this good in relaton w that of the industrial good: domestic
employment and the purchasing power of wages will also decrease.
The domestic consumption of basic goods decreases as well, This will
oceur quite independently of the cause of this increase in exporis; for
example, it may occur even with an expansion of Norih's demand for
exports from the South. In particular, the resuls do not depend on any
assumptions of the clasticity of international demand for goods from
the South. They depend instzad on domestic conditions in the South.
The specific condition is that o be large and that oD < 2w/P,, where
wiPy is the real wage. (Note that when D is large, technologics are dual
and ¢,/D is more likely (o be smaller than. rather than twice as great as
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the real wage). This second condition is termed “duaslism”,

What thesz results show is that under conditions of dualism and
abundant labor in the South, a higher volume of exports is necessarily
associated with a lower (relative) price of the basic good, with lower
wages and employment, and with lower domestic consumption of hasic
goods. In the following. we summuarize the rationale for this scyuence
of events. However, hefore doing so it seems worth noting thay the
results are reversed when the production system in the South is more
homogencous and when its labor supply is less abundant. In this latic:
case, foliowing an expansion of exports, we obtain resulis in the Spiril
of “gains from trade and specialization” increasing exports leads 10 an
improvement in the North-South terms of trade. and 1o INCreases n
domestic employment, consumption of basics, and real wages. From an
econcmic viewpoint, therefore, the economic parameters of dualism
and of labor abundance are rather imporint, Such parametcrs may
have w0 be modiiied before embarking on an expert-led policy. It
should be noted that the crucial duality condition ¢4 < 2w/P g that
determines whether or not an export expansion is desirable can be
shown to depend itsell on the level of exports already achieved by the
cconomy. Therefore, different export policies are advisable at dilferent
export levels. The results may  therefore be viewed as suggesting
optimal export levels, or optimal balances between domestic sectors
and the export sector. We shall discuss these and other aliernative
policy 1ssues in the last scetion of the paper.

We now discuss how the negative impacts of increased exporls
emerge when the economy of the South has abundant labor and dual
technologies. This requircs that we analyze the changes in the domestic
consumption of basic goods as their price increases.

If all prices other than those for basics remain constant the
CCOMOMISt's cereris parihus assumption, an increase in the price of
basic goods wall lead to lower demand and to lower consumption of
basics. This is a standard partial equilibrium demand response to a
price change. However, things are quite dilferent when we remove the
ceteris paribus assumption and let all markets adjust, 1.¢. when we
move from one full market equilibrium to another. In this latter case,
the demand for 8 may increase at a new equilibrivm with a higher
price of B. This will occur when, at a new -price level, firms produce
more of the labor-iniensive commodity £ and increase, therefore, the
levels of employment and of wage income, thus leading 0 a higher
demand for the basic good at the new equilibrium. Similarly, the sapply
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of hasic goods increases with a higher price of basics. What remains 1o
be detzrmined is whether supply has increased more than demand, or
vice versa, al the new equilibrium. Since exports are the difference
between domestic supplies and domestic demand, this determines
whether exports increase or decrease at a higher price of basics. The
sign of the expression ¢o/D—2w/P; compares precisely the strength of
the supply (c5/0) with the demand response (2w/Pg).

Proposition 1 of Chichilnisky (1981) proves that with abundant
labor and dual techmologies, the increase in domestic demand exceeds
the increass in supply at the new equilibrium. Therefore, as the price of
basics increases, exports decrease. Equivalently, exports can increase
only if prices and domestic consumption drop. For a proof, see the
Appendix. A clear exposition and technical analysis of this result is
offered in Arrow (1981), Sen (1981), and Heal and McLeod (1983).
Figure 5 illustrates the behavior of a reaction curve of the South, a
curve that links the volume of exports with the price of these exporis
across different possible equilibria of this economy. This curve traces
the intersections of domestic supply and demand curves. Note that
since this reaction curve violates ceteris paribus assumptions (as all
markets adjust in it) this curve is nor a supply curve for the economy. It
merely allows us (o trace out hypothetical equilibria, and the relation-
ship between the price of basic goods and the volume of exports of
basic goods, across each of these equilibria. For each level of inter-
national demand, only one equilibrium is possible, the one where the
volume of exports equals the volume of imports demanded by the
North. This volume of exports corresponds to one price level for basic
goods. We can therefore analyze the changes in prices of basics as the
volume of intemational exports varies across equilibria. However, at
any equilibrium where labor is abundant and technologies are dual (o
large, co/D < 2w/Pg), a move towards another nearby equilibrium with a
higher volume of exports from the South is necessarily associated with
a lower price of basic goods.

The price of the basic good is always positively associated with
wages because the basic good is labor intensive (see the Appendix). It
follows therefore that as exports increase and the price of the basic
good decreases, so do wages. The purchasing power of wages in terms
of the basic good is also shown 10 decrease when exports increase (see
the Appendix). We therefore conclude that under dualism and with
abundant labor (o large, c,fD < 2wipg), a move towards a new equi-
librium with a kigher volume of exports is necessarily associated with a
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lower price of these exports, a lower real wage, and decreased domes-
tic consumption of basic goods in the South. This is Proposition 1 in
Chichilmisky (1981).

Itis of interest to point out that should the economy's technologies
be more homogeneous, and labor supply less responsive to wages,
these results would be reversed. In this later case, an increase in the
volume of exporis is associated with a higher level of prices of basic
goods. This is because now, as the price of the basic good increases,
aomestic supply increases proportionately more than domestic demand
in the new equilibrium. With abundant labor and homogeneous tech-
nologies (co/D > 2wipy) an increase in exporis leads to better terms af
trade, to higher real wages and empioyment, and also to higher levels
of consumplion of basic goods. This is Proposition 2 in Chichilnisky
(1981). It can aiso shown that the volume of industrial £oods imporizd
also increases in the new equilibrium. This is discussed in the
Appendix. Figure 4 illustrates the standard case in which, as exports of
the basic good expands, the price of this good increases, and so do real
wages and employment. Figure 5 illustrates ihe case of the dual eco-
nomy with abundant labor: as expons of the basic guod increase, the
mnnn of this good, the real wage and the employment all decrease in the

outh.

A few analogies and contrasts can be drawn here with the results
of the Heckscher-Ohlin theory presented in the Previous section.

A [irst point is that, in the North-South model, the international
division of labor is actually reinforced by ihe expansion of inter-
national trade when technologies are dual and labour abundant in the
South. This is because more trade leads o lower wages in the South,
therefore reinforcing the relative advaniage of the South, In contrast o
the conventional wisdom, inequality and the division of labor may per-
petuate themselves,

A second point is that factor prices not only fail to cqualize across
regions in this model, but they also tend to drift further apart in the
South as trade expands. This point is worth mentioning because 1t s
only natural dhat with different technologies in the two regions, factor
prices would never become fully equalized. As only goods are tradad
internationally in this case, only the prices of goods are equal in
cquilibrium. However, in a Heckscher-Ohlin model in which techno-
logies are different, but duality is not significant and labor is not
abundant, free trade would tend to equalize {even though it may never
fully equalize} factor prices. Thus in such a Heckscher-Ohlin modal
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relative advantages tend to be blurred as trade takes place, and the divi-
sion of labor appears again to be a temporary or self-destructive
phenomenon. In the North-South model, by contrast, relatve advan-
tages arc emphasized through free made because wages in the South
decrease. The international division of labor is therefore self-per-
petuating.

1t now remains to analyze the response of total export revenues of
the South. This is relevant because if total revenues did increase, it
would be possible to increase exports and to redistribute the proceeds
adequately in order 19 compensate for the harmful effects of export-led
policies on wages and consumption. In Chichilnisky (1983a) we
examined how an increase in exports affects export revenues of the
South under differsnt conditions, and showed that, with duality and
abundant labor, the deterioration in the terms of trade of the South
following an increase in exports leads also to lower export revenues. n
the new equilibrium the North imports more basic goods at a lower
price, and exports a lower volume of industrial goods in exchange. In
certain cases the North may actually increase iis domestic consumption
of both goods, basic and industrial, at the new equilibrium,

In the South, the worsening of the terms of trade leads to fewer
imports of industrial goods. The consumption of basic goods decreases
in the South, and the volume of imported industrial goods available for
tnvestment decreases also. In this sense export-led growth under the
conditions of technological duality and abundant labor may have a
harmful impact on indusirialization as well as on the satisfaction of
basic needs. A continuation of export-led policies under these condi-
tions does not seem propitious for sustained development. All these
results occur in stable markets. They are proved in Chichilnisky (1981,
1983a).

With abundant labor and dual technologies, the international
market appears, therefore, to concentrate rather than w diffuse the
gains from trade. It is true that both regions are better off trading than
they would be in isolation. But starting from one free trade position and
moving to another with a higher volume of exports is not desirable for
the South when there is abundant labor and dual technologies, ¢,/D <
2wips. An expansion of exports under these conditions may lower the
welfarc of the South and increase the weifare of the North in a sus-
tained fashion. Obviously we cannot apply these results 1o compare
autarky and free trade, since autarky is nor a free trade equilibrinm and
here we are only comparing free trade equiiibria with different trade
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levels. In cases where autarky is a limit of a sequence of free trade
equilibria, it can be shown that the crucial condition ¢y/D-2w/p,
becomes positive since the real wage wip, goes to zero. This means
that in these particular cases, more trade is initially beneficial but
becomes nore harmful as it expands. Note, however, that when there is
a minimam wage w/p; required for subsistence, there may be no export
level at which c/D exceeds 2w/,

The above results seem more consisteat than the standard
Heckscher-Ohlin results with the overall international experience of the
1945-1970 period, a periad in which there was an expansion of trade,
accompanied by continued specialization and increasing wealth differ-
entials between the ingustrial and the developing countries. It remains
to evaluate the generality of the assumptions, both within the context of
what ig usvally assumed in the body of economic theory and also in the
context of the empirical data available, and this we shall discuss next.

The condition of duoality in technologies of the South is rather
general and has been tested for Sri Lanka, Mexico, and Argentina.
However, the condition of labor abundance (o large) may be consi-
dered more stringent. For this reason we have also considercd a version
of the North-South model where labor is nol necessanly very
responsive o wages in the South, i.e. a may be small or even zero (see
Chichilnisky 1983a). Here we make instead a different assumption,
namely that the exported good is a “wage good”, i.e. a good that con-
stitutes the bulk of the consumption of wage earners (wi = pg® in
eguilibrinm). This assumplion acts as a substitute for the condition of
labor abundance in producing the results. Therefore, an economy with
dual technologies and which exports wage goods is subject (o the same
harmful effects of export-led policies. Cther extensions of the model
were produced, leading to similar results, for cases where the country
exports a labor-intensive good that is not consumed domestically (an
export enclave), or where the country exports raw materials whose pro-
duction is not labor intensive; see Chichilnisky (1981, 1982) It seems
necessary, therefore, o correct the conditions that lead to negative out-
comes before undertaking an export-led policy. If the conditions are
intrinsically difficult to correct, it seems desirable to consider alterna-
tives to export-led policies on labor-intensive products. This will be
discussed in the last section.

We shall now discuss briefly the relationship of the assumptions
and results of this model with the work of R. Prebisch and of W.A.
Lewis mentioned earlier,
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Prebisch (1950, 1959) developed a thesis that there is a systematic
bias in the distribution of the gains from trade against developing
countrics, implied by a secular deterioration in the terms of trade of the
South. While ne formal model was presented. an economic basis for
this process can be summarized as follows. Prebisch postulates that the
income elasticity of international demand for exports from the South is
low. while the demand for exports from the North 15 highly income
clastic. Increases in income thus proportionately reduce the demand for
exports from the South, but increase the demand for exports from the
North. This leads 1o a secular decrease in the price of cxports of the
South with respect to the exports of the North. Other arguments were
also advanced about the role of non-competitive agents, such as large
corporations and unions 1n the North, in the decline in the relalive price
of exports from the South, and in the rise in income by the North. An
important outcome of the Prcbisch “terms-of-mrade” thesis were the
protectionist policies of import substitution in Latin America in the laie
fiftics and the early sixties. These policies imposed tariffs in order 0
protect certain domestic industrial sectors, such as manufactures and
capital goods—the so-called infant industries.

OQur approach is different from that of Prebisch both in assump-
tions and in results. In the first place. the North-South model makes no
assumptions about the elasticities of internatonal demands for the
goods exported- by the North and the South. Our assnmptions are
instead on demestic strugtures: technologies and factor markets within
each region. Secondly, our model is consistent with perfectly competi-
tive markets for goods and factors and, therefore, also differs from the
assumption of Prebisch about non-compettve agents in the North.
Finally, with respect to policy: ceriainly the North-South model does
not advocate the replacement of export-led growth by import substitu-
tion policies. This is because import substitution is a policy concemed
only with the supply side of the economy, while in our work, instead,
both supply and demand must be considered to evaluate the oulCcOmas.
Appropriate local demand structures seem 4t least as imporiani as
changes in the supply side, to obtain beneficial outcomes.

We focus next on W.A. Lewis' celebrated model of eccnomic
development with unlimited supplies of labor (Lewis 1952), and espe-
cially on his last section where he discusses development and trade.
Lewis' model considers two regions trading with each other. One, the
North, has the characieristics of a neoclassical economy. The other
region, the South, is characterized by unlimited supplies of labor and a

o
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dual economy, a part of which is capitalistic and the other “traditional”.
Tewis work, therelore, diversges from the neoclassical model as well as
from our model, in that a rather different formalization is given 1o the
economies of the North and of the South. The North is a perfect market
economy, while the South has a rather different structure. In our model,
instead. the behaviors of both regions is consistent with perfect market
behavior.

Clearly, the assumption of a high elasticity of labour supply in our
model is linked with Lewis assumption of unlimited supplies of labor,
However, our assumption is substantially different: wages in tiie South
do adjust with changes in market conditions. In Lewis' 1nodel, instead,
wages are permanently pegged to the subsistence level. Another ditfer-
ence is that Lewis model assumes that the economy is divided into a
“capitalist” and a “waditional” sector. In the capitalist sector, the
motive for employment is to generate profits, while in the tradirional
sector, labor is considered as essentially sell-employed {ds in the
peasant family) or engaged in petty trade, or service occupations. The
real wage in the capitalist sector is exogenously given, and it exceeds
earnings available in the traditional sector, so that employment in the
formal sector is constrained by demand only and not by supply. It is in
this sense that Lewis speaks of “uniimited supplies of labor”, Given the
wage and technology, profil maximization determines the capital/labor
ratio and the rate of profit, and the size of the capital stock determings
that level of employment in the capitalist sector. Each region produces
three goods, one of which is common (0 both. The terms of trade
between the two regions are determined purely by relative labour pro-
ductivities in the common good, food, independently of demand condi-
lions. Demand conditions arc therefore not important in the Lewis
model. All these specifications contrast with the North-South model.

It the North-South mode!, instead, demand is rather important. It
helps determine the variable level of real wages and it contributes 1o
the understanding of the relationship between international market
behavior {export lIevels) and domestic output and distribution of
income. The international terms of trades are determined by supply and
demand forces in both markels.

It is also of interest to contrast our model and the Heckscher-Ohlin
modal with that of Lewis. Lewis considers two different scctors, a
capitalistic and a traditional one, cach with differant modes of beha-
vior. Only the capitalistic sector maximizes profits. Instead, in our
economy, market behavior is consisient with the hypothesis of profit
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and utility inaximization throughout. As in the Heckscher-Ohlin model,
voth economies produces, consume, and trade the same two goods,
while Lewis considers three goods in each region, only one of which is
shared by both regions (food). These features make Lewis' model diffi-
cult to compare directly with the tw-region, two-good and two-faclor
Heckscher-Ohlin model, and thus his results, while yielding different
conclusions, do mot necessarily contradict or support the standard
results. By contrast, since our results are posed in a manner completely
enalogous 1o thai of the Heckscher-Ohlin model, a more thorough
comparison of assumptions and results is possible, and this criticism
can be formulated more precisely.

Finally, we compare the North-South model with the wock of the
Marxist economisis and the dependencia theorists of Latin America.
Both these groups give less importance to market behavior than we do.
G. Frank concentrates on the secular trends in the international
azcumulstion of capital as determining terms of trade, while our work
docs not produce results that predict any secular trends in this sense.
However, if the labor market behavior that we study in our model could
be related to the stages of the accumulation of capital of the South, then
the deterioration in terms of trade that he predicis could be, in part,
auributed to market forces. A Emmanuel's unequal exchange work
measures the terms of trads by the value of a unit of labor in the North
relative to that of a unit of the South's labor. Trade between economies
with different wage levels, in his conceptual scheme, must result in
“cxpleitation” of the one with the lower wage. This view is, in certain
cases, consisient with that of Lewis on factorial terms of trade. In
Emmanuel’s work (as in Lewis) the real wage is exogenously fixed in
each country while, as explained above, in our model real wages adjust
in relation to the international terms of trade and to all markets. This is
a significant feature of our results,

Some points of contact exist between our work and that of the
Latin American dependencia theorists. Firstly, as in Lewis' and in con-
trast to the Heckscher-Ohlin model, dependencia theory stresses certain
asymmetries in the structures of the economies of the North and South.
The existence of some asymmetries and of “the other region™ having a
large role in shaping the economies of each region is common to this
work, although it is a matter of continued controversy within the
dependencia school 1o what extent thesa asymmetres are determinant
of the economic developmient patterns in the South. The Latin
American economists also put some emphasis on duality in production,
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However, at the level of assumptions and structure, as pointed out
earlier and also discussed by Palina (1978), neither formalization for
consistency with competitive market behavior can be found in the
dependencia theory literature. This is a major departure from our
model.

At the level of results, or predictions, particular cases of differ-
ences between the Latin American dependencia theory and our work
are easily seen. For instance, as explained by Palma, dependencia
theory never produced a ciear answer to the problem of whether depen-
dencia was favorabie 1o growth or whether, instead, it leads inexorably
te stagnation. In fact, opposing viewpoints on this maiter have been
proposed during the last 20 years within the dependencia school. [See
the discussion in Tavares and Serra (1974)].

Our model, instead, can be utilized to resolve a related question; it
can be used to examine those cases in which the growth of the North,
and its effects through trade, will be favorable and those in which it
will be unfavorable to the growth of the South. This has been explored
in Chichilnisky and Cole (1978) and Chichilnisky (1983).

5. Conclusions

The results discussed above pose doubts about the general reliance
on export-led policies to satisfy basic needs in the South. When labor is
very abundant and there is a significant level of duality in the produc-
tion system of the South, an expansion of exports cannot be expected to
improve consumption or real wages in the South. Nor can it be
expected o increase total export revenues, so that redistributive poli-
cies would not provide a solution either, Furthermore, industrial
imports decrease, so that these policies are not beneficial to industria-
lization either. A careful appraisal of each case, focusing especially on
the parameters studied here, labor markets, technologies, and domestic
demand, seems to be in order before endorsing export-led strategies.

We may also view the results as supporting the need for a careful
balance between domestic sectors and the export sector. The crucial
duality condition that determines whether or not an expansion of
exports is beneficial (c/D < 2wip;) depends on the level of real wages,
and this depends, in tum, on the current levels of exports. At different
export levels, different policies will be recommended: when (c/D <
2wips), exports should contract; when (cf/D > 2wip,) they should
expand. The conditions therefore aim 10 achieve optimum export
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levels, which depend on the domestic structure of the economy.

One conclusion is that the development of the South cannot. in
general, be based on the relative advantage of cheap labor provided by
exlreme mass poverty. To the extent that such conditions are consistent
with abundant and wage-responsive labor supply and with dual
technologies, export-led policies may lead to serious deterioration of
the terms of trade and to lower export revenues for the region.

If better income distributions are achieved that lead to larger and
stronger domestic markels and these are accompanied by lower rates of
population growth and thus less abundant labor, then the ncgative
results of export-led policies may be reversed. Basic needs policies may
therefore improve the position of the developing COURtry vis-a-vis
infernational merkeis.

It should be noted that the protection of local production, i.c.
import substitution or infant industry protection, is neither a necessary
nor a sufficient correction o the harmtul effects of export-led policies.
What is required is that local marksts be strong in order to prevent
deterioration of international terms of trade and of export revenues in
the long run. The required “protection” must therefore be of the
domestic market rather than of the infant industry along, and should
lead 10 an improvement in the lot of the majority of people. In policy
terms, since in a markel or 2 semi-market economy the income of
factors is related to their productivity, increases in productivity of the
rural and other low-income groups in the €CON0my SEem: necessary
before reliance is put on export-led policies.

Increases in domestic labor productivity seem to be rather crucial
towards this end. They lead w higher real wages, better domestic
markets, and betier terms of trade, as proved in Chichilnisky and
McLeod (1983). This is consistent with Lewis’ view that labor produc-
tivity in agriculture is an important determinant of the region’s interna-
tional terms of trade and the relative price of agriculture vs. industry.
The experience of Japan, West Germany, and South Korea, which were
widely discussed in the seventies as having very successful cxport
policics, seem (0 confirm our view. In all of these cases the domestic
market was strong, and the levels of wages, productivity, employment,
and consumption were all relatively high. The lack of success of Latin
American expori-led policies also confirms our views, Latin American
policies have been based on cheap labor and poverty, both associated
with low productivity, weak domestic markets, and poor terms of trade
for their products.
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The results also indicate thai a significant relationship exisis
between the North-South terms of trade and the distribution of income
within the South. Better terms of race with the North are linked with
better distribution of income within the South. The internatonal market
is therelore an important factor in shaping domestic distibutions
within each region. The interaction of domestic and international
factors should not be neglecied, even with respect to variables that are
often considered to be purely domestic, such ‘as the distribution of
income. Basic needs are not only a domestic issue: they pertain to the
iternational compinity as a whole,
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APPENDIX

This Appendix summarizes the North-South model of Chichilnisky
(1981, 1983a), and computes the set of equilibria as a function of the
initial data: production functions and supplies of factors. It also gives
conditons for uniqueness of the solutions, and proves the main results
quoted in the paper. A computer program for solving the model and the
results of a number of simulations are also provided.

Each region is described by behavioral assumptions and by equi-
librium conditions, making a total of 26 equations for the whole North-
South model. However, in order to compule an equilibrium explicitly,
1t suffices 1o solve a single equaiton. This is a rather unusual and useful
feature of the model: it allows one to derive in a simple algebraic
fashion the solution and all of the COmparative slatics properties of the
model,

Consider first the economy of the South. It supplies basic goods 8
and industrial goods / using labor L and capital K:

Bf=min (L8] a,. K8}
F=min (L'} a,. Kif ¢,)

"The corresponding price equations, undar the assumption of competi-
tive behavior on the part of the producers, are in equilibrium:

PB=aw+ ¢ (AL
Fr=am+cr (A2

Labor and capital supplies in equilibrium depend on their rewards:

_m..,.n_u.__\H +L, 020 (A3)
\Ps,
Ks=Br+R.B20 (A4)

where w denotes wages, P the price of basics, and r the rate of return
lo capital. To these four behavioral equations we add equilibrium or
market clearing conditions for factor and commodity markets:

IS=LD (A.5)
K8 = gor (A.6)
LP = BSg, + KSa; (AT)

“
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KD = BS¢, + K5, (A.8)
BS = BP + X5, where X5 denotes exports of B (A9
1P =XpP + IS, where X,P denotes imporis of / (A1)

and the balance of payments condition

PsXs® = pX,P, . (A.11)

where the superscripts § and D denote equilibrium supply and demand
respectively. [t is worth noticing that in an equilibrium, the Walras Law
or National Income I[dentity is always satisfied in cach region:

PpBL + PilD = Py (BS = X,5) + p, (IS + X,P) + pB% + p i
=(a+cr)BS+ (a2 + )= wl + rK (W)

In view of this, and of its homogeneily properties, an equilibrium of
this model is in principle consistent with a standard Arrow-Debreu
competitive general equilibrium for some set of underlying individual
preferences,

The North is specified by the same equations (A1) w0 (A.L1),
except [or possibly different parameters in the technology and in the
supply of factors. In a world equilibrium the prices of traded goods are
equal, and exports match imports. This yields four more equilibrium
condilions:

PAS) = pV) (A.12)
2u(8) = pa(N) (A13)
X858 = X, (V) (A.14)
XP(8)=X5N) (A.15)

where the Ietiers § and N in brackets denote South and North respec-
tively.

In each region there are thercfore eight exagenous parameters: a,,
€1, @y €; &, L, B, K and fourteen endogenous variables: Pa Py 1s W, BS,
BO, X5p, 15,10, XD, 5 1D, KS KD There are cleven equations in each
region (A.1 1o A.11) plus four international market clearing eguations
(A.12 0 A.15). Note that the balance of paymenis condition (A.11) for
the North is automatically satisfied when (A.12) 10 (A.15) hold, and
then (A.11) is satisfied in the South, Therefore we have a 1ol of
Iwenty-five independent equations. To these we add a normalization
condition
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pi=1, (A.16)

i.e., the industrial good is the numeraire, and thus obtain a foral of 26
independent equations for the North-South model.

Since there are fourteen endogenous variables in each region, we
have 28 endogenous variables in total. To fully determine the system
we have to specify the values of two variables. This is not surprising
since we have not so far defined the demand behavior at an equilibrium
in either region. This can be done in several ways. One is to choose
utility functions; another is to choose equilibrium levels of demand for
one or the other good; and a final altemative is 1o choose the demand
for impors or for exports at an cquilibrium. In Chichilnisky (1981) the
equilibrium level of demand for industrial goods in the South is fixed
exogrenously:

12(8) = I3(8), (A.17)

thus leaving a system determined up to one variable. Alternatvely,
(A.17) can be substituted by the price dependent demand equation

paBO = wi (A.17Y

1.e. wige income is spent on the basic good. This is cquivalent, in turmn,
to the assumption that capital income is spent on the indusirial good, by
the National Income Identity (W) given above

IP=rK (A.17)"

We parameterize the solutions in the first place by fixing the equi-
libnium level of demand for industrial goods in the North. Therefore, as
the demand for industrial goods in the North J2(N) varies, we obtain a
one-parameter family of equilibria. This family describes a path in the
space of all endogenous parameters, which is R2. Comparative static
exercises consist of exploring the relationships between the endoge-
nous variables across this path of equilibria. For instance, Proposition 3
in Chichilnisky (1981) studied the relationship between two endoge-
nous variables, exports of basic goods of the South X,%5) and the
North-South terms of trade pg/p;, across the equilibria obtained as the
equilibrium level of industrial demand in the North varies.

Obviously, 4 move across the path of equilibria can be para-

=

i
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meterized by changes in any variable other than /2(NV). One can equally
well use the demand for exports from the South, which we may inter-
m.:ﬁ as an export gquota of the North, X24(W). It is shown in Proposition
2 below thar this does not alter in any way the equilibria of the model
nor the comparative statics results. Proposition in Chichilnisky (1981)
used the equilibrium level of exports X%(8) to parameterize the solu-
tions while Proposition 3 in Chichilnisky (1981) used the equilibrium
level of industrial demand in the North, This equivalence of the solu-
tions under different parameterizations is also noted in the comment by
Heal and McLeod (1983), Section 3,

Solving the Model

To solve the model, consider first the international market clearing
condition for industrial goods. In equilibrivm

XD)(S) = X5(N)
This can be rewritten as
[2(8) — I5(5) = I5(N) — IP(\) (A18)

where by (A.17) the equilibrium level of industrial demand in the
South /7 (8) is a given constant, 12 (§) (or equivalently /2 () = r (),
K (5), by (A.17)"; one obtains similar results using either formulation),
Inverting equations (A.7) and (A.8) we may obtain the outputs of basic
and of industrial goods as functions of total labor and capital employed
in an equilibrium:

BS = (i - a.K)/D (A.19)
5= (aK - c,.L)D (A.20)

where I} is the determinant of the matrix of technical coefficients a,c, -
@,¢,. One substitutes (A.20) into (A.18) and obtains

15 (S) - (a,K — ¢, L)/D = (a,(N) K(N) —
c1(NIL (N))/D (V) — 1P (N) (A21)

where the parameters a,. ¢, and D refer to the South unless otherwise
indicated.
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Capital and labor in (A.21) are functions of the factor prices, as in
cquations (A.3) and (A.4). Furthermore, inverting the price equations
(A.1) and (A.2) allows one to obtain the factor prices as a function of
the (relative) commodity price pg:

_ PG
D

Hﬁ_l,.u_m_hm -
D

W

(A.22)

F

(A.23)

In view of this we can rewrite (A.21) as a function of only one variable,
namely the (relative) price of basics p,, by substituting (A.3) and (A.4)
and then (A.22) and (A23) into (A.21). One obtains therefore a
guadratic equation in the (relative) price of basic goods. This equation
15 paramelerized by all the exogenous data, and by the indusirial
demand of the North 12 (N):

P2y (A + A(V)) + pal(C + CN) + I2(S) + IP(N)] —

(V+ V() =0, (A.24)
where
buﬁu.ﬂnm.
n: bu.
and
1| - o (ocic,—PBal
_n.Hh..lu_ nuhlﬁhﬂ+‘_ﬂ : ub ba:) z

The parameters in expressions A, B and C are those of the South while
A (N), B (W), and C (N) are the same expressions but with parameters
of the North,

Solving the quadratic equation (A.24) gives an analytic expression
for the equilibrium price p, of the North-South model, as a function of
all the exogenous data and of the industrial demand of the North.
Therefore we call (A.24) a resolving equation. Since the constant and
sccond order terms of this quadratic equation are positive and negative
respectively, there is at most one (strictly) positive root which we
denote ps (12 (N)) to indicate its dependence on the parameter /2 (N),
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the equilibrium level of industrial demand in the North,

Proposition 1: The North-South model has at most one equili-
brium for each level of industrial demand I° (N) of the North.

Proof. The proofl is constructive. Equation (A.24) determines al
most one (strictly) positive equilibrium price for basics, pg*, lor cach
level of mdustial demand in the North, /7 (V).

We now indicate how each p,* defines unigue equilibrium values
of all the other 27 endogenous variables.

From the factor/fcommodity price equations (A.22) and (A.23) one
obtains the equilibrium levels of wages and profits in the North and in
the South. Note that these levels can be different in the two regions,
since the parameters of their technologies are, in general, different.
Factor prices determine the levels of employment of both factors in
equilibrium, from (A.3) and (A.4); this, in turn, yvields output levels in
equilibrium, from (A.19) and (A.20). We nead only determine domestic
demand for both goods in both regions. Demand for industrial goods in
the South is an exogenous constant 1P (S) (or else it equals r, K, both of
which are known by (A.23) and (A4). In the North, /2 is fixed by our
choice of 7 (N). From the National Income Identity (A.11), it is then
simple to compute the demand for basic goods, since all other variables
in this identity are already known in an equilibrium.

The difference between supply and demand for each good at an
cquilibrium yields exports and imports of each good, in both regions,
This completes the computation of the unique equilibria for the North-
South model for each value of industrial demand in the North.

We consider now a different parameierization of the North-South
model. The model 1s now defined by equations (A1) to (A.11) in each
region, and (A.12) o (A.17), so we oblain as before a system of 27
equations in 28 variables. However, we choose 1o parameterize the
modeal by the equilibriom level of exports of the South X%, (5), rather
than by the industrial demand of the North. Since in equilibriam X5, (§)
equals the impons of the North X2, (N), this parameter can be inter-
preted as an “import quota” of the North:

Propaosition 2: The North-South model has at most one equili-
brium for each level of exporis of basics. This volume of exports may
be set by an import quota in the North. As the import guota varies, a set
of equilibria is described. This set is identical to that obtained by
paramelerizing the solutions by the equilibrium level of industrial
demand in the North.

The comparative statics properties of the North-South model are

3
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the same when this is parameterized by import quotas, or by the indus-
trial demand of the North,

Proof. Equation (A.24) ceases 1o be the most convenient way of
finding an explicit solution, since now industrial demand in the North
13 (N) is an endogenously determined variable.

An appropriate choice of equation to solve the North-South model
parameterized by the level of exports XS, (S). is the balance of pay-
ments condition (A.11):

XPUS) = paX34(S) + paXL4(N)
Since XP/(8) = IP(8) — I15(5), we have:

12 (5)—15(S)
Pr

=XZ2 (NY, (A.25)

where the right-hand side variable is now exogenously given. We now
reduce (A.25) to a quadratic expression in the price of basics, p;.

- As before, we express industrial supply as a function of employed
factors:

17 (5) _(aK-cl)
La Pl

=Xz (N). (A26)

Since by (A3) and (A4) the equilibrium levels of capital and labor
employed are funcuons of wages and profits, and by (A22) and (A.23)
wages and profits are functions of the price of basics, by substitution
into {A.26) we obtain:

P (A=XLy (N)) + pg (C+ 1D (8)) - V=0 (A27)

where A, V, and € are defined as in (A.24), all parameters for the
South, Equation (A.27) is 4 quadratic expression in P Which allows to
soive the model analytically, and is therefore called a resolving equa-
tion. (/2 (S) can be substimted as before for 12(S) = r(S), K(S) from eqn.
(A1T)M).

The resolving equation (A.27) appears to be different from the
resolving equation {A.24) which was used to solve the model when this
was paramcterized, insiead, by the equilibrium level of industrial
demand in the North. However, it will now be shown that (A27) is
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identical to (A.24); in particular, of course, they have the same solu-
tions. To show this consider the difference between (A.24) and (A2T7)
(A24) - (A27) = P2% (A (N) + XD, (N) +
pa(C (N) +1P (N)) - V (N) (A.28)
We shall now show that this difference is identical to zero, by expand-
ing the expression PZ.XP, (N). In equilibrium,
E(N) -1 (N)
Ps
pal’ (N) = pal® (N).

Substituting /S = (a,K - ¢,L)/D into (A.29), we obtain an expression for
the value of industrial supply as a function of factors employed in the
North:

X; (N)= so that p2 (X7 (N)) =

(A.29)

SR @™MEM-c ML) (A30)

pal*(N) =

We may now substitute (A.3) and (A.4) and (A.22) and (A.23) into
(A-30) 1o obtain an expression for pls (V) depending only on the price

of basics;
Pol.. - Ooc—Paf
pel’ oﬁ_annu —Lg; ||._u||uu‘

uThnmJ ot
I._.“.m_ﬁ D* *

D*’
where all parameters are for the North, Thus

(A31)

Pol* (N) = —pyC(N) — ps”A (N) + V (N)

where A(N), C(V), and V(V) were defined above. We ‘may therefore
rewrile pz2X P(N)in (A 29) as:

Pe*X5” (V) = —pal® (N) — ps?A (N) — p5 (C (V)
+V.(N) (A32)

from which it is immediately apparent upon inspection of (A.28) that
the difference (A.24)-(A.27) is identically equal to zero. Therefore, the
quadratic expressions (A.24) and (A.27) give exactly the same solo-
tions to the North-South model. This shows that the model has the
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same solutions whether il is parameterized by industrial demand in the
North or by exports of the South.

It is now necessary Lo show that the comparative statics properties
of the North-South model are the same with both parameterizations.
Comparative statics involves studying the signs of derivatives of one
endogenous variable with respect to a parameler, or to another endoge-
nous variable, across equilibria. For instance, we study the changes in
the price of basics (an endogenous variable) as exports X5 vary, indi-
cated by dp/dX,®. The ool used is the implicit function theorem,
applied to an equilibrium expression w (p, X, = 0, which leads to
dpldXs® = —dyldXgS/dw/dp. The equilibrium expression w= () used
when industrial demand is the parameter is (A.24) = 0; when the
parameter is the level of imports X5 the expression is instead (27) = 0.
However, as we have just shown, (A.24) and (A.27) are identical, so it
is equivalent to use either one or the other expression. Therefore,
parameierizing the model by the import quota X,° (N), or by the
indusirial demand in the North IP (N), yields identical comparative
Statics properties. This competes the proof,

We now prove two comparative statics results. Following these, a
program in BASIC for the North-South model and also numerical
simulations which reproduce the propositions below are given.

Proposition 3: Consider the North-South economy, where the
South exports basic goods, has abundant labor, a large, and dual tech-
nologies, so that ¢)/D < 2wipy. Then a move to an equilibrium with a
higher level of exports of basics leads to lower terms of trade, lower
real wages and decreased consumption in the South. [This is Proposi-
tion 1 in Chichilnisky (1981)].

When labor is abundant and real wages are low, or else techno-
logies are sufficiently homogeneous that c/D > 2wipg, then a move to
an equilibrium with a higher level of exporis X, leads to better terms
of trade, and higher real wages and consumption in the South. [This is
Proposition 2 in Chichilmisky (1981)].

Proof. It suffices to apply the implicit function theorem to the
quadratic expression (A.27), Pg? (A — X5 (S) + pp (C + IT(S)) - V = 0,
which is identically satisfied across the equilibria. We thus obtain:

s _ P
sX3 2p,(A-XD+C+IP(S)’ (A33)

where all parameters, unless otherwise indicated are from the South.
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The sign of (A.33) is that of 2p-(A — X5;) + C + IP(5), where A and €
were defined in (A.27). Since o is large, the sign of (A.33) will be
determined by those terms containing o In A there are no terms in o
in C, the term 1s olc,c,/D? therefore (A.33) is negative whenever

5
TG = (A.34)

From Chichilnisky (1981), pages 175 and 176, we obtain an expression
for X<, the volume of exports and the price of basics across equilibria:

X (o kD _wL+rK -7 (5)

Pg
o, hH ﬁ.% Wn% a_g
= 2 i +|w d—=— 1+
D~ py Py D Pe
Fmé@t&@ {55)
Dpg Ps

When a is large, the term that dominates the expression for X5 1s o,
(&2 = cifpe)/DPpy. Therefore, from (A.34) dpy/dX,S is negative when
2paXs® 20ci(c; — cyfpg)fD? > aeiey/D?, ic., when ¢, > 2¢y/pg, which is
equivalent 0 ¢/D < 2wip, (Chichilnisky (1981), p. 177). Note that
Chichilnisky (1981) gave a different proof, using (A.35, rather than
(A.33) to compute the derivative dX,%/dp. From (A.35) one obtains

dpy D2l ps
Ba; +EN|DH|...MEU

2

D’p;  pi Pa

d¥; ag, Tp %
(A.36)

Therefore, when o is large (A.36) implies that dX,%dp, is negative
when 2¢,/p; < ¢, i.e. when cy/D < 2wip,, which is identical 10 the
condition derived from eqn. (A.33). Thus, exports increase only when
their price p; drops, across equilibria. Therefore, the two proofs yield
exactly the same results. This completes the proof of Proposition 1 of
Chichilnisky (1981).

The proof of Proposition 2 of Chichilnisky (1981) now follows
immediately. We saw that the sign of dpy/dX,S is that of 2c/Py— o 01

e gty i P

!
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equivalently that of ¢/D — 2wips. Since 2cy/ps> caisequivalentiocy/D >
2wipy, the proposition is proved.

Proposition 4: (Proposition 3 in Chichilnisky (1981)) Assume the
South has abundant labor and dual technologies (& large and ¢,/ <
2wipg). Then a move to a new equilibrium with a higher level of
industrial demand in the North leads to a higher level of exports of
basics from the South, and 1o lower terms of trade, real wages, and
domestic consumption in the South. This occurs in Walrasian stable
markets.

Proof. For this comparative statics result, we use the first resolving
equation (A.24), which gives an implicit relation between the equili-
brium price of basics py and the equilibrium Ievel of industrials in the
North, /2 (), and contains all the parameters of the model. From
equation (A.24), by the implicit function theorem we obtain:

opy L4 i
AIP(N)  2pg(A+A (ND+H(C+C (NN+TZ(S)+IP (V)

where A and C are defined in (A.24).

When o is large in the South. the sign of the term in o determines
the sign of C + C (V). Since the term in o within C + C (V) is oe,cy/D2,
a positive number, C + C (N) is posilive in this case. Furthermore, 4
and A (N) are always positive, It follows that

dpsldi® (N) <0 (A3T)

when @ in the South is large. Therefore when o is large an increase in
the equilibrium level of indusmial demand in the North leads to a drop
in the equilibrium price of basics.

Now, consider the equilibrium equation (A:35) relating exports of
basics with their price .

Xp¥ = 0ey/Dpy(c; — ¢i/ps) + Pa,/D¥a; — a,/p”)
+ (¢, L = a,K)/Dps + I°(S)/ps,

where all parameters are from the South. When a 1s large, the terms in
o dominate dX,5/dp,. From (A.36) these are (o, (2c,/ps — c5))/D?p%.
Now, 2¢,/ps < ¢, if and only if ¢/D < 2wip, (Chichilnisky (1981), p.
177). Therefore as seen above

dXFdp, < O when cyD < 2wip,.
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Added to (A.37), this implies dXz5/dI? (N) > 0. To summarize: a move
to an equilibrium with higher level of industrial demand in the North
(i.e an increase in the parameter /2 (N)) leads to a larger volume of
imports of basic goods by the North (higher X,5), and to lower terms of
trade for the Sowth (lower pg).

To complete the comparative statics results, it suffices now to
point oul that real wages w/p, are always positively associated with the
price of basics (by (A.22)), and that the consumption of B is also posi-
tively associated with the price of basics in the South when o is large.
This is because B2 = (wL + rK - 17 (5))/p,, and this expression is
dominated by the term in @, i.e., by a(wipg%), which is an increasing
function of p; Stability was established in the appendix of
Chichilnisky (1981) and is discussed further in Arrow (1982), Heal and
McLeod (1983) and Chichilnisky (1983).

The next result explores the changes in export revenues that follow
dn INCrease i exports.

Proposition 5: In the North-South economy, assume that the South
has abundant labor, o large, and dual technologies, ci/D < 2wip,.
Then a move to a new equilibrium with a higher volume of exports
leads not only to lower terms of trade but also to lower export revenues
in the South. ¢

Proof. By Proposition 4, as the level of exports X5, increases, the
South’s terms of trade P drop at the new equilibrium. By (A.22) and
(A.23), wages decreases. and the rate of profit increases. This implies
from (3) and (4) that total capital available increases, and labor
employed decreases. Therefore, the domestic supply of industrial goods
I increases, since by (A.20), I = (oK - ¢,L)/D. Since the industrial
demand in the South is consiant by (17), and the supply /5 has
increased, the volume of imports of industrial goods X2, () = 1D (§) —
I3 (S) must therefore decrease when the price of basics drops. There-
fore, by the balance of payments condition ppX3,; = XP, the total
revenue from exports, peX<;, has decreased. This completes the proof.

The next proposition studies macro changes in the both regions,
following either an increase of exports X5, or an industrial expansion
in the North, i.e. an increase in /2 (V). The results of this proposition
are numerically simulated in the computer runs below.

Proposition 6: Assume the conditions of Proposition 5, that labor
supply in the North is unresponsive to the real wage (0(N) small) and
that industrial goods in the North use litile labor (e, small). Then a
move 0 a new equilibrium with a higher level of industrial demand in
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the North leads to a higher consumption of basic goods in the North.
The North consumes simultaneously more of both goods, and is there-
fore stricily better off.

In the South, real wages and consumption decrease. The South
exports more basics, ar lower prices, and receives lower export
revenues. The South is strictly worse off at the new equilibrium.

Identical results obtain when the move to a new equilibrium is due
lo an increase in the level of exports of the South, X5 (S), or in the
export quolas of basics in the North, XpP (N).

Proof. Consider first the case where in the North fN) = 0 and
(N} = 0. The supply of basics in the North is then a constant, since

B = (el — a,K)/D = ¢, L/D when o = a, = ()

Since the consumption of basics of the North is the sum of domestic
supply plus imports B2(N) = BS(N) + X,2(N) and BS(N) is a constant,
when imports of basics X2 (N) increase, the level of consumption of
basics in the North increases as well.

Proposition 4 shows that, under the conditions specified, a move to
an cquilibrium with a higher Ievel of industrial demand in the North
{P(N) leads to more exports of basics X' (8) = X2 (N). Therefore, this
leads here to an increase in the consumption of basics in the North. The
demands for industrial goods /2 (N) and for basics B2 (N) have there-
tore increased simultancously at the new equilibrium of the North: by
any reasonable welfare measure, the North is strictly better off. By
continuity, the same results obtain when a; (N) and o (V) are close o
zero, proving the first part of the theorem.

In the South, export revenues decrease as shown in Proposition 3
above. As the terms of trade p, decrease, real wages and the consump-
tion of basics decrease in the South, as shown in Proposition 4. Since
industrial demand remains constant in the South, the South is strictly
worse off,

The last statement in the proposition follows from Proposition 2,
which establishes that parameterizing either by the level of exports X5,
or by the level of industrial demand in the Nonh 77 (V) leads 10 the
same comparative statics results. This completes the proof.

We now turn to extensions of the model. These allow us to obtain
similar results for economies that may not have abundant labor. The
extensions proposed here were formulated in Chichilnisky and Cole
(1978). and also discussed in Chichilnisky (1981, p. 179).
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An Extension of the North-South Model

"The North-South model presented earlier is now altered in a rather
simple fashion. The change is in the specification of demand in the
South. Rather than assuming that the equilibrium level of industrial
demand in the South is & given constant, we assume insiead that in
equilibrium, wage income in the South is spent on the basic good. This
entails replacing eqn. (A.17), i.e., I2 (S) = 15 (S), by the equation

peBl? = wi. (A.17)

This “North-South model II” consists therefore of the same equa-
tions (A.1}(A.11) for each country, (A.12)-(A.16), and eqn. (A.17)
replacing (A.17). This is a total of 27 equations is 28 variables. The
model has therefore a unique solution when we determine one viriable,
such as the levels of exports of the South XgS(8), or of industrial
demand in the North /2(N).

Proposition 7. Consider a North-Sputh economy I, where capital
stocks in the South are fixed (K = K) and L = awipy(L = 0). Then a
necessary and sufficient condition for an increase in exporis fo lower
the South's terms of trade, real wages, and consumption is technolo-
gical duality: ¢/D < 2wip,. When the eCoranty is more homogeneous,
or wages are lower, so that c./D > 2wipg, the South's terms of trade
improve as the South increases its exports; its real wages and con-
sumption of basics increase. When L = 0, the necessary and sufficient
condition is, instead, c/D < 2wipB + .. .

Proof. Consider the equation for the equilibrium volume of
exports X () = BY () — B2 (S). From (A.19), B¥ = (¢.L — ¢,K)/D, and
by (A.17) B? = wiljp, We may therefore rewrite X,© = BS — B2,
substituting for L and X from (A3) and (A.4), and obtain.

dx;
dwlp,

=o(c/D - 2wip,)-L

when L = (), the necessary and sufficient condition for dX,;%dp, 10 be
negative is e/ < 2wip,. When L # 0, we obtain, instead, c/D < 2wip,
+ 1.

To complete the proof, note that the real wage is an increasing
function of the price of basics across equilibria. This derives from the
equilibrium relation (A.22):
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wipy =¢)D —c,lp,D , which implies
d mg ldpy=c/piD >0

Finally, the consumption of basics is an increasing function of the
real wage across equilibria, since B = wip,l = a(wipg)? + wipgL by
(A.3). This completes the proof,

The following proposition obtains results analogous to those of
Proposition 4, but for the North-South model 11: the model is now
parameterized by the North's industrial demand /2(V); rather than the
volume of expons of the South.

Proposition 8. Consider a North-South economy I, where the
capital stock in the South is fixed (K = K) and L = awipy(L = 0). Then
an increase in the North's indusirial demand leads 1o an increase in
exporis and io lower terms of trade, lower real wages and consumption
of basics in the South, if and only if the duality condition holds in the
South, co/D < 2wip,. When L # O the condition is ¢/D < 2wip,; + L.
Furthermaore, if the rate of profit in the South is sufficiently low that r <
&ID, an increase in exports lowers also total export revenues of the
South,

The consumption of basics and of industrial goods increases
simultaneously in the North provided industrial goods use litile labor
(a, (V) small and labor is rather unresponsive to the real wage (o (N)
small),

Proof. Firstly we study the relationship between the eguilibrium
price of basics and the level of industrial demand of the North. Since
Walras' Law is always satisfied in an equilibrium, PgB2 + 2 = wL +
rK, and by assumption P82 = wi, it follows that

P=rK =Ppr2+ K (A.38)

Across equilibria, therefore

L SR :
dr® aEm+wu (A.39)

Furthermore, from (23), across equilibria

e n (A.40)
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Therefore, from (39) and (40), it follows that

dps
<
dar®w)

0

i.e. an increase in the industrial demand in the North decreases the
price of basics.

We have already proved in Proposition 7 that the necessary and
sufficient condition for a negative association of export levels and the
price of basicsisduality in the South: ¢4/D < 2wip, when L = 0. or cofD <
2wipg + L when L # 0. Therefore since p, is negatively associated with
12 (N), these two conditions are also necessary and sufficient for an
increase in exporis and for a simullancous decrease in the terms of
trade of the South, as the industrial demand in the North increases.
E:nm Proposition 7 showed that real wages and consumption of basics
in the South both decrease with the price of basics, this completes the
first part of the proof,

Next consider the condition on profits, r < a,/D. Imports of the
South are given by

XP(S) =12(8) - I5(S) = rK — (@K —c,.L)D = (r — a,/D)K + {c,/DIL
It follows that
dXp (S)dpg = (r—a,/ Uu.uﬁ&ﬁm + (c/D) (dL/dp)

By assumption r < a,/D; since dK/ dpg < 0 and dL/ dp;, > 0, it follows
that dX,® (S)/dps > 0, ie. the imports of the South decrease as the price
& basics drops, across equilibria. By the balance of payments condi-
uon, total export revenues PoX #(5) equal the value of imports X2 (5).
Therefore we have proved that export revenuoes [all with a decrease in
the price of basics, across equilibria.

_ Finally, under the specified conditions, the consumption of basics
will increase in the North following an expansion in industrial demand
whenever o,(NV) is small, and (V) is small, as proved in Proposition 6.
This completes the proof.

The North-South Model with Fixed Endowments

The last two propositions in this appendix consider economies
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with fixed endowments, i.e., K = K and L = L{a = B = 0). These pro-
positions were suggesled by comments made by Ron Jones. Proposi-
tion 9 refers to the basic Norih-South model and Proposition 10 to
version 11 of the model.

Proposition 9: Consider a North-South model, with fixed factor
endowments and a large labor supply L in the South. In this case, a
mave Io a new equilibrium with higher levels of exporis always lowers
the terms of trade and export revenues of the South, and also leads 1o
lower real wages and consumption of basics in the South.

Proof. When o = 0 and § = 0, the cross-equilibria relation (A.35)
between exports and their price P is

m"__ﬁjh@iEQ
Bg

= (/D ~wpy) L ~(aJD +lﬁwumw;+ﬂ_ﬂhw

mcum:Eﬁ._ ng w and r from (A.22) and (A.23), we obtain
Xs® = (eiL = a,K)/Dpg + I2(S)/ps

so that
dXSyldpy = (aK — c,L)/Dps® — IP(S) py?

which is always negative when L is large. Furthermore, as the price of
basics drops, the real wage, by (A.22), drops as well. Also, the con-
sumption of basic goods, B? = (wL + rK -IP(S))/ps, also decreases
when L is large, since the sign of dB? /dp® is dominated by expression
L{dwipg)/(dpg), which is positive by (A.22). This completes the proof.

Proposition 10: Consider a North-South model Il with fixed factor
endowments in the Sowh. Then a move to an equilibrium with
increased exports of the wage good leads always to a drop in the
South's terms of trade. It also leads to a drop in real wages, and in the
consumption of the wage good in the South. However, in the new equi-
librium, the South imports more industrial goods.

Proof. In the North-South model IT, we have X5, = (e,f — a,K)/D -

wipgL, 1.€.

X% = (co/D — wips)L — a.K/D
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By substitution from (A.22) this equals

X5 = (cpsD)L - aK/D
50 that
dXyfdpy =~ Dhl___ﬂh_wuhu

which is always negative. Therefore, a move 10 an equilibrium with
increased exports of the wage good leads always to a decrease in their
price, ps. By eqn. (A. 22), wipy = co/D-c,/p,D, so that the real wage
decreases, and domestic demand for wages goods, being B = wlp, =
(co/D-(ey/psD))L also decreases, as duD/dps = ¢,Lips2D > 0. We show
finally that imports of industrial goods increase. Consider the domestic
demand for industrial goods in the South: in this case this is /0 = rE,
Since p, decreases following the export expansion, the new equilibrium
profits r are higher, by (A.23). Therefore industrial demand J?
increases in the South. However, since factor endowments are constant,
industrial supply /5 has nol changed. Therefore, the higher level
demand of industrial goods at the new equilibrium must be due to
increased imports of industrial goods. This completes the proof,

A Basic Program for Solving the North-South Model

We present here a program in BASIC for solving the North-South
model and the results of several computer runs that numerically repro-
duce comparative statics propositions. These were produced by
Eduardo-Jose Chichilnisky.
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708  North-South Trade in Manufactures
Computer Code Names for the Variables and Parameters . Computer runs
: Data Ser Initial Parameters
Variables and Parameters Computer Code
o B a a; o Cs L K 0o
(Narth and South) Sourk North
South 75 D23 45 002 ool 3 2 27 135
P MS MN North 6 L 015 18 IF 05 12 113
B NS NN
a Al A3 P($)=4.00
sy A2 Ad
2 cl 3 RUN 112 (N)=6.00 RUN 22 (N =7.00
e c2 ca . _ "
I LS Linot LNJ Solutions: Endogenous Variables
T KS KN Sowth Narth
D DS DN L Wart
A AS AN el B 0.
v vs VN Run | Run 2 Run [ Run?
¢ cs CN p 52 7 25 :
W WS " m 3.25 1721 3252 1721
i ez w 0.7232 0.3818 1.194 0.3598
r
r o i wipg 0.2220 02218 0.3666 0.2000
= = = r 0.3285 0.3308 0.4829 0.5365
s L 14.65 14.63 2700 1.754
Bp B3 B4
i B S E; 270822 270826 16.683 17398
. : a = B 3.252 3.248 0.6667 0.1190
__u o % &Y 2,297 1.443 1621 1.925
$ : x5 0.9541 1.806 —0.9541 ~1.806
Xg° X1 X1 :
¥ %3 X2 I} 0.89189 0.8913 9.108 10,108
m’ 4.00 4.00 6.00 7.00
xP 3.10810 3.10807 -3.1081 -3.10807
¢o/D —2wipg -0:2218 —.2214 —1901 0.1251

Program Listing in BASIC

1000 INPUT “SOUTH:ALPHA BETA,A1,A2 7 MSNS.A1 A2
1010 INPUT “SOUTH:C1,C2.L* K* 7", C1 G215 KS

1020 INPUT “NORTH:ALPHA,BETA, A1,A2 7. MN.NN.A3.A4
1030 INPUT “NORTH: C1,C2,L* K* 7, C3,C4, L, KN

1040 LF2: TEXT:CSIZE]:LPRINT “PARAMETERS":LF1

1050 LPRINT “SOUTH:";MS;“ "NS:" ™A I:* A2

1060 LPRINT TABS; C1;*,™ €2; *,"; LS; *.". KS:LF1
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1070 LPRINT “NORTH:"; NN; " NN; ™ A3:“™ Ad
1080 LPRINT TABG; C3; 4. C4; "% L; “ " KN:LF1

1090 INPUT “ID(S)7 11

1100 INPUT “ID(N)?"; 12:LF2

1110 DS = A1¥C2-A2*C1:DN = A3*Cd-A4*C3

1115 IF DS = 0 THEN 1500:IF DN = 0 THEN 1500

1120 AS = NS*A1*A2N(DS*DS)AN = NN*A3*A4/(DN*DN)
1130 V8 = M3*C1*C1/(DS*DS):VN = MN*C3*C3/(DN*DN)
1140 CS =N{1/(D5*DS)*(DS*{CI*L5-A1*KS)+MS*C1*C2-NS*A1*A2)
1150 CN = (1 {DN*DN))*(DN*(C3*1.-A3*EN)}: MN*C3*C4-NN* A3*A3)
1160 T =CS*CN+II4I2:K = J=]+45(VS+ VN)*(AS+VN)

1170 IF K= 0 THEN GOTO 1500

1IBOPB = (=J+4")K)(Z*AS+AN))

1190 WS = (PB=C2-C1)/D5:WN = (PB*C4-C3)/DN

1200 RS = (A1-PB*AZ)/DN-RN = (A3-PB*A4)/DN

1210 L1 = MS*WS/PB+LS:L2 = MN*WN/PB*L

1220 K1 = NS*RS+KS:K2 = NN*RN+KN

123013 = (A1*K1-CI*L1V/DS:14 = (A3%K2-C3*L2)/DN
1240 B1 = (WS*L1+R5*K1-11PB:B2 = (WN*L2+RN*K2-12)/PB
1250 B3 = (C2*L1-A2*K1)/DS:B4 = (C4°1.2-A4*K2)/DN
1260 X1=B3-B1:X2 =PB*X1

1265 LPRINT TAB 6; "PB ==";PB.LR2

1270 LPRINT “SOUTH:"; TAB 18: "NORTH:" LF]

1272 LPRINT TAB 16; “W": LF1

1274 LPRINT WS; TAB 18; WN: LFI

1280 LPRINT TAB 15; *W/PB™: LF1

1290 LPRINT WS/PE; TAB 18; WN/PB:LFI

1300 LPRINT TAB 16; “R™: LF1

1310 LPRINTS; TAB 18; RN:LFI

1320 LPRINT TAB 16; “L™; LF1

1330 LPRINT; TAB 18: L2: LF1

1340 LPRINT TAB & “K"; LF1

1350 LFRINT KI; TAR 1%; K2 LF1

1360 LPRINT TAB 16; “BS™: LF]

1370 LPRINTE3; TAB 18; B4:LFI

1380 LPRINT TAB 16; “BD™: LF1

1390 LPRINT B1; TAB 18: B2:LF1

1400 LPRINT TAB 16; “IS™; LF1

1410 LPRINT13; TAB1%: 14:LFI

1420 LPRINT TAB 16; “ID™: LF1

1430 LPRINT; TAB 18; [2.LF2

. 1440 LPRINT “XSB(S) =", X1:LF1

1450 LPRINT “XDI(S) ="; X2

1460 GOTO 1100

1500 LPRINT “DETERMINANT IS ZERO™
1999 END»
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Simulation of Comparative Statics Results

Runs 1 and 2 above reproduce numerically the results of Proposi-
lions 3, 4, 5 and 6 of this appendix, and Propositions 1 and 3 of
Chichilnisky (1981).

The inital data shows that labor is abundant in the South (a(S) =
75) and much less abundant in the North (a(N) = 6). The duality
condition ¢,/D < 2w/p, is satisfied in both runs of the South. The North
has more abundant capital than the South (B(NV) = 9.7 B(S) = 0.023, and
K(N) = 12 while K(8) = 2.7). The level of duality is much higher in the
South D{S§) = 13.5, while in the North D(V) = 3.13.

In both runs, the industrial demand in the South /2(S) is equal 10
4.00. In the first run, the industrial demand in the North is 6.00, and it
is increased to 7.00 in the second run,

As proved in Proposition 3 of Chichilnisky (1981) and Proposition
4 of this appendix, this increase in the value of I2(N) has the following
general equilibrium effects: Exports of basic goods in the South, X5,
increase from 0.9541 to 1.806; the price of basics p, decreases from
3.252 to 1.721; wages in the South decrease from 0.7232 1o 0.3818;
and consumption of basics in the South decreases from 2.297 to 1.443.
As proved in Proposition 4 of this appendix, total export revenues of
the South decrease also (even though export volume has increased)
from 3.10810 to 3.10807.

These runs confirms also Propositon 1 of Chichilnisky (1981) and
Proposition 3 of this appendix, since changing exogenously the export
volume X5 from 0.9541 to 1.806, and leaving I2(N) to be determined
endogenously, leads to the same solutions of muns 1 and 2. Therefore,
as proved in Proposition 1 of Chichilnisky (1981) when exports of the
South increase. in a new equilibrium the price of basics, real wages and
consumption of basics in the South all decrease.

Finally, these runs illustrate the results of Proposition 6 of this
appendix: following an exogenous increase in industrial demand J2(N),
the North's demand for basics increases as well, from 1.621 to 1.925.
Thus, an industrial expansion in the North (a higher /2(\)) leads it 1o
consume more of both goods simultaneously, so that the North's wel-
fare strictly increases. The South, instead, exports more basics, at lower
prices, and consumes less basics at home. Real wages decrease in the
South. Since IP(5) remains constant, the welfare of the South strictly
decreases.
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