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FOREWORD 

This Collaborative Paper is one of a series embodying the outcome of a 
workshop and conference on Economic Sruct-u~al Change: Analytical Issues, 
held a t  IIASA in July and August of 1983. The conference and workshop formed 
part of the continuing IIASA program on Patterns of Economic Structural 
Change and Industrial Adjustment. 

Structural change was interpreted very broadly: the topics covered 
included the nature and causes of changes in different sectors of the world 
economy, the relationship between international markets and national 
economies, and issues of organization and incentives in large economic sys- 
tems. 

There is a general consensus that important economic structural 
changes are occurring in the world economy. There are, however, several 
alternative approaches to measuring these changes, to modeling the process, 
and to devising appropriate responses in terms of policy measures and institu- 
tional redesign. Other interesting questions concern the role of the interna- 
tional economic system in transmitting such changes, and the merits of alter- 
native modes of economic organization in responding to structural change. 
All of these issues were addressed by participants in the workshop and confer- 
ence. and will be the focus of the continuation of the research program's work. 

Geoffrey Heal 
Anatoli Smyshly aev 

Ern6 Zalai 





This paper examines the  role of the international market in mediating 
North-South relations and analyzes how the market works in distributing the 
gains from trade. It is argued that the international market does not always 
provide an adequate engine of growth for the South if that region specializes 
in labor-intensive products. The South's export sector must be carefully bal- 
anced with other domestic sectors to avoid harming the economy as a whole. 
Any excessive expansion of labor-intensive exports or raw materials, even if 
accompanied by an expansion in international demand may affect domestic 
markets and the distribution of income in the South in ways that conflict with 
sustainable development. especially when this is measured in terms of the 
satisfaction of basic needs for the majority of the population. The conditions 
under which this may occur are quite general. They are consistent with per- 
fect market behavior but require that important features of the North-South 
relationship, including differential characteristics of technologies and factor 
markets in the two regions. be introduced into the analysis. The paper sug- 
gests alternatives to export-led policies, which balance domestic and interna- 
tional sectors of the South's economy and are conducive to sustained develop 
ment and the satisfaction of basic needs. An appendix provides a model of 
North-South trade that has been econometrically tested for the trade between 
Sri Lanka and the  UK. The appendix also includes a computer program for 
simulating the  model and sarnple computer runs that reproduce, in practical 
terms, the model trade policies discussed in the paper. 





NORTH-SOUTH TRADE 
AND BASIC NEEDS* 

Graciela Chichilnisky** 

1. BASIC NEEDS AND INTERNATIONAL MARKEX3 
The concept of basic needs has received widespread attention in the 

development literature over the last ten years, since its introduction in the 
early seventies in the Bariloche Model. This model was produced in the Funda- 
cion Bariloche, Rio Negro, Argentina over the period 1972-76, under the 
auspices of the International Development Research Center of Canada; see e.g. 
Herrera et  al. (1977) and Chichilnisky (1977b). The model was first presented 
at IIASA in 1975, at  a conference chaired by Tjalling Koopmans. The model 
itself, and its introduction 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). h 1976 the basic 
needs concept was brought to the attention of the wider international develop 
ment community during the World Employment Conference of the Interna- 
tional 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 development strategy as one aiming for minimum levels 
of per capita consumption of food, shelter, education, and health. The Bari- 
loche Model explored whether the goal of satisfying basic needs was within the 
reach of the developing countries, within their existing constraints 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 to reach 
these goals under different scenarios and for different regions of the world. 

*This research w a ~  supported by the International Institute for Applied System Analysis, h e n -  
b u g ,  Austria, and by the US National Science Foundation under Grant No. SES 7814050. 
*Folumhia University, New York and United Nations Institute for Trai- and Research. New Ymk. 



However, because of the model's large scale, these economic plans were highly 
aggregated and left large areas of economic behavior unexplained. For 
instance, little attention was paid to domestic or international market  
behavior. 

Markets are powerful economic forces in developing and industrial coun- 
tries alike. In particular, the international market  has become an iricreas- 
ingly 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 to the mid 1970s.' Large segments of the GDP of 
inddstrial and developing countries are now linked to international markets. 

Yet in spite of the increasing degree of internationalization of our 
economies, the concept of basic needs has been essentially viewed in much of 
the lit&ature as a domestic issue. The Bariloche model discussed basic needs 
in the international context, but did not analyze in detail the impact'of inter- 
national marke ts  on the satisfaction of basic needs, since it was fundamentally 
a planning model. The studies on basic needs strategies that followed the 
Bariloche work have focused mostly on domest ic policies, and little has been 
said about the connection between basic needs and the internafional policies 
of developing countries. However, the international policies of an economy 
play a significant role in determining the level to which basic needs can be 
satisfied domestically. 

This paber examines the missing link between international policies and 
basic needs policies, by discussing alternative trade theories and exploring 
the policies that each suggests for encouraging the satisfaction of basic needs 
in a developing economy. The Appendix provides computer simulations of a 
model of North-South trade, and examines in practical terms the impacts of 
exports on domestic consumption, investment, employment, and wages. We 
find that in some cases the expansion of trade is favorable to the satisfaction 
of basic needs but in other cases it is not. We encounter results that may seem 
contrary to existing notions of gains from trade and advantages derived from 
international specialization. We also question the effectiveness of the interna- 
tional market in transmitting growth from one region to another: we show 
that an industrial expansion of the North may lead to a new market equili- 
brium 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. 
Moreover, this increase in exports may be associated with a worsening of the 
distribution of- income within the South. Under such conditions, then, 
"export-led" development 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 until these conditions are corrected. These alternatives involve a 
more balanced view of development that relies on domestic markets as well as 
the international market and concentrates on raising domestic productivity in 
crucial sectors of the economy. 

The rest of this paper is organized as follows. Section 2 summarizes 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. I t  presents 
also a summary of criticisms of this body of thought, including some that 
accept the basic paradigm. but seek to cope with anomalies, and others that 
reject the basic paradigm altogether. Section 3 outlines a North-South model 
which we developed and tested econometrically in the context of a UNITAR 



project,2 and which is presented formally in the Appendix. This model remains 
within the framework of perfectly competitive markets, though i t  introduces 
into this framework assumptions that could be considered more realistic, and 
that are in part suggested by some of the critical l i terature reviewed in the 
second section. Section 4 discusses the main results. We conclude with some 
policy inferences and recommendations. An Appendix summarizes the  
theoretical structure of the model and discusses several empirical illustra- 
tions. 

2. A BRIEF SURVEY OF TRADE THEORY 
The impact of international markets on the functioning of domestic 

economies is now genarally acknowledged. However, recognition of this 
impact within the industrial economies is rather recent; i t  largely emerged 
due to the.changes that took 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 
economies, 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 con- 
sistent body of .formalized theory on the effect of trade on domestic 
economies. This theory bas two main pillars: the results on gains from trade 
and international specialization, and the results on factor price equalization. 
Both these results have been generalized, expanded, and applied very widely, 
and their conclusions have reached the noneconomist and become common 
and mostly undisputed knowledge within the horth.  These results are often 
used to substantiate claims that more trade is better for a& especially when 
the relative advantages in the trading regions are exercised. For the limita- 
tions 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 labor-intensive way than the other. 
These two countries are identical in all respects except for a difference in fac- 
tor endowments that leads to 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 isolation, the rewards to labor (wages) are lower in the  country 
with more labor. When international trade in commodities opens, the prices 
?f commodities move closer to each other across the two regions. As the 
international and domestic prices of the two goods become equal, higher lev- 
els 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 a t  lower prices the good in which the other has an advantage. 
These welfare gains are usually referred to as "gains from trade" as, discussed 
by Samuelson (1962). Figure 1 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 different in the 
two regions because factors are not traded internationally. Stolper, Samuel- 
son. and Pearce found conditions under which, following 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 technologies. as well as other 
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PIt%JRE 1 Gains from trade and specialization; output, prices, and welfare in isolation 
and A t h  trade. In Figure 1 Y is the production possibility frontier of one region, the 
South: it represents the combination of basic goods B and industrial goods I that it 
could produce. In isolation, this region maximizes welfare on the production possibili- 
ty set Y, reaching the level W1. When trade is opened prices change and welfare can 
be maximized over all income available, which now includes export revenues. The new 
(after trade) budget set Z for the region is in general larger than Y; therefore a higher 
level of welfare W 2  can be achieved with free trade. The tangential intersection pf the 
welfare surface W 1  with the production set Y determines the output of goods B and I 
in equilibrium before trade, and their relative price is given by the tangent line T. 
When international trade is opened, the price of the labor-intensive good B increases, 
abd at the new prices S the budget for the country is given by the triangular set 2. 
Note that after trade basic goods are relatively more valuable than before, and more B 
is produced: the output of B increases from B' to B ~ .  More labor is employed at fthe 
new prices since B is laborintensive. Wages can be shown to increase with an increase 
in the price of B (see the Appendix). The country specializes in and exports B, it im- 
ports I, and it is better off after trade since i t  consumes more of both. In any case, the 
welfare level after trade, w2, is larger than that before trade, wl. 



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 improve- 
ment in the distribution of income within the South, as well as an increase in 
the welfare of both regions. These results encourage, therefore, the interna- 
tional 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 free trade, the relative advan- 
tage of the South al$o decreases as trade proceeds. This theory, therefore, 
Predicts that relative advantages tend to disappear with continued trade, and 
that the international division of labor is a temporary, 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 equal state. Rgure 2 illustrates these points. 

The results on gains from trade and specialization and on factor price 
equalization have been powerful enough to shape most formalized thinking on 
the theory of trade and international economic relations. They have also per- 
meated policy thinking in a pervasive manner. 

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

It is generally acknowledged that this theory has not provided an ade- 
quate explanation for a salient feature of the postwar period (1945-1970). Dur- 
ing this period, the volume of international trad.e increased in an historically 
unprecedented fast?ion,' while wealth differences and the division of labor 
between the North and the South increased significantly.4 Furthermore; the 
distribution of income within the S.?uth did not improve during this period.5 
Neither the results on gains from trade and specialization nor those on factor 
price equalization seem consistent with these facts. Of course. exogenous his- 
torical explanations could be invoked, but this would amount to an implicit 
recognition of the limited explanatory powers of the theory. 

A number of alternative explanations have been proposed for the striking 
developments in the world economy during the period 1945-1970. However, 
these have not produced a body of formalized theory with the rigor of the 
neoclassical theory. Therefore, they have lacked policy utility and have not 
carried as much conviction as the neoclassical theory. 

The most significant representatives of these alternatives theories can be 
grouped according to the weights that their analysis assigns to  market vs. 
nonmarket 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 . k  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 countries 
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 time, the relative prices of products exported by the  
South must decrease. Prebisch's work has led to the emergence of what a re  
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FIGURE 2 Factor price equalization effects of trade. In Figure 2, the left-hand diagram 
describes the relationship of the (relative) price of the exportable good B with the 
wage-rental ratios w / 7 .  Since the exportable good is more labor intensive, as i ts 
price increases, so does the wage-rental ratio. The right-hand diagram shows the pos- 
sible equilibrium values of exports and imports of the South and the North. In isola- 
tion. the equilibrium quantity of exports at home is zero, and the price is the domestic 
price pd. Similarly, the equilibrium price abroad is pa in isolation. When internation- 
al trade opens, an international trade equilibrium price p* is reached, and the quanti- 
ty of exports equals Q* . At  price p* . the new equilibrium wage rental ratio is (W / T)  *, 
which b larger than the isolation wage rental before trade at  home (w/ T ) ~ ,  and small- 
e r  than the wage rental before trade abroad ( w / T ) ~ .  Factor prices and prices of com- 
moditier equate in the trade equilibrium and improve the wage rental ratio in the 
South to ( w /  T)*. 



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 celebrated 
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 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 prdductivity in agriculture. Lewis' analysis leads him to 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 representatives 
are F. Ca;doso. P. Baran, G. Frank, T. dos Santos, 0. Sunkel, and M.C. Tavares, 
combined: explanations of underdevelopment based on post-Marxist power rela- 
tions with an analysis of markets. These theories had little or no formaliza- 
tion, and therefore could not be used for policy f o r m u l a t i ~ n . ~  A central theme 
in these studies is the impact of a "foreign industrialized sector" on the rest  of 
the economy of a developing country. This foreign sector is associated with 
tedhnologies. market demand structures, and distributions of income, i.e. with 
patten& of development, which reinforce the dependence of the developing 
economies on the economies of the center. Finally, a number of other authors 
have largely disregarded the behavior of the market as having insignificant 
explanatory power, and have addressed themselves instead to  the power struc- 
ture of classes and to certain historical developments of capitalism, such as 
accumulation of capital within and between the industrial and developing 
regions. Arnong this last group, the most significant are the Marxist econom- 
ists k Emmanuel and S. 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 alternative policies. Perhaps even more impor- 
tantly, formalization allows for more consistent "thinking through" of ideas. 
Formalized theories can therefore grow, disperse, and frequently be applied 
better than nonformalized ones. 

Another advantage of formalization is that it allows one to compare, in a 
precise manner, the assumptions of different theories, so that the discrepan- 
cies 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 project,7 to develop a body of for- 
malized theory that could be helpful in analyzing some of the stylized facts of 
development and trade that appear to  defy explanation by the existing formal- 
ized theories. Simplified versions of our model have been produced tha t  are 
rather close to the general equilibrium trade models of the Heckscher-Ohlin 
type. Yet, under certain conditions our models yield results that appear strik- 
ingly different from the conventional results of gains from trade and factor 
price equalization exercises. This is the subject of the next section. 



3. A MODEL OF NORITH-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 contrast, 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.' 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 com- 
mon 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 I, industrial 
goods.10 Neither region is completely specialized in production of one or the 
other good. There are two factors of production, capital and labor, in each 
region; the owners of these factors produce, consume, and trade the two 
goods. Goods are produced using constant-returns-to-scale technologies. The 
industrial good is more capital intensive and the basic good more labor inten- 
sive in both regions. The South exports basics and the North industrial goods. 

In a trade equilibrium, the amounts produced, consumed, and traded 
within and between the regions are determined through the clearing,of mark- 
e t ~ ,  i.e. supply equals demand. There are four domestic markets (two 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, i.e. wages and rates of profits in each region. 
Each trading region is constrained by its budget, so that export revenues and 
import costs are 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 North-South model and the 
Heckscher-Ohlin model. As already mentioned, the two regions have here dif- 
ferent technologies for the production of goods,11 and the supplies of factors 
of production in the two regions, capital and labor, are responsive to their 
rewards, rates of profits and wages. Furthermore, we assume that the respon- 
siveness of labor supply to real wages is rather large in the South, while less so 
in the N ~ r t h . ~  The high responsiveness of labor supply to  real wages is a meas- 
ure of the abundance of labor in the South. This could be interpreted as indi- 
cating 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 
responsiveness is infinitely large so that labor supplies never represent a con- 
straint, this would be identical to Lewis' assumption of unlimited supplies of 
labor. However, Lewis' assumption implies that wages are always pegged a t  
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 tha t  
labor supply is highly responsive to wages, i t  is not infinitely elastic in our 
model. The high responsiveness of the labor supply in the South is denoted 
abundance 01 labor. We should note here that  the responsiveness of the s u p  
ply of a factor to 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.e. 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. 

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

K = ~ T + K ,  p > o  

where r is the rate of profit and /3 is a positive response parameter. In the 
South the parameter a is large, i.e. labor supply is very responsive to real 
wages, and the parameter /3 is small, i.e. capital supply is not too responsive to 
the rate of return. The opposite is t rue of the parameters a and /3 in the 
North. Special cases of this model, where K = and L = i, 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 hoy 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 ?nd specialization, given in Flgure 1, is nu l o n g e ~  universally 
valid when factoraare in variable supply. 

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

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

BS = rnin (L B/ a I ,  KB/, 

IS = min (L'/ a2, K'/ c 2) 

where c ,  and cz  are capital/output ratios and a l  and a2 are labor/output 
ratios in the two sectors, respectively. As is well known for such technologies. 
the difference in factor intensities in the two sectors is given by the  elrpres- 
sion D = a1c -azc We ossume here that D is positive in both regions, but 
much larger in the South than in the North. This means that the good B is pro- 
duced in a more labor-intensive way in both countries than the good I, but B 
is much more labor-intensive than I in the South. 

Casual obsemation suggests that differences in capital/labor intensities 
between the technologies of the two sectors are indeed larger in the South 
than in the North. Empirical observations confirm this. Developing 
economies have significant differences bebeen  the production systems of 
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FIGURE 3 Gains from trade with price-responsive endowments. Figure 3 differs from 
Figure 1 in that initial endowments of capital and labor vary here with prices so that 

: the production sets also vary with prices. The pre-trade production possibility set is 
yl. The equilibrium relative prices before trade are given by the line T1; the equilibri- 
um quantities of the two goods produced pre-trade are B1 and Il. After trade, the pro- 
duction possibility frontier has changed due to the response of the variable factor sup- 
plies; it is now Y2. This could not occur in Figure 1 since factor supplies were fixed 
there. Labor supply has now increased with respect to capital goods supply, and there- 
fore the new production possibility set Y2 shows that the economy is now able to pro- 
duce relatively more labor-intensive goods B. New prices S are achieved in  equilibri- 
um that reflect an increase in the price of the capital-intensive good I. The output of 
the labor-intensive good has increased with respect to that of the capital-intensive 
good (to B2 and 12) but total welfare levels achievable at the equilibrium (W2) are now 
lower. The figure illustrates how a lower level of welfare is possible after trade, if fac- 
tor endowments are price dependent. 



different sectors, and we refer to this as "technological dualism". This fact 
has been pointed out in the theories of dual economies for many years, start- 
ing with the less formalized work of the Latin American economists already 
mentioned. However, a major difference between our work and previous stu- 
dies of dual economies is that  while those studies attempted to explain a divi- 
sion of the economy into a market and a subsistence sector, here we consider 
that markets operate throughout the economy, and dualism appears here only 
in production. Otherwise, in our model, the economy is completely integrated 
and all its parts interact in a general equilibrium with each other. In particu- 
lar, wages and prices are determined through the interaction of all markets. 
I t  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 model. 

When the economies of the South have very abundant labor and significant 
dualism in production, an increase in the exports of the labor-intensive basic 
consumption good will necessarily decrease the price of this good in relation 
to  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 occur quite independently of the cause of this 
increase in exports; for example, i t  may occur even with an expansion of the 
North's demand for exports from the South. In particular, the results do not 
depend on any assumptions of the  elasticity of international demand for goods 
from the Sbuth. They depend instead on domestic conditions in the South. 
The specific condition is that a be large and that c 2 /  D < Zw/ PB, where w /  PB 
is the real wage. (Note that when D is large, technologies are dual and c 2 /  D 
is more likely to be smaller than, rather than twice as great as the real wage.) 
This second condition is termed "dualism".12 

What these results show is that under conditions of dualism and abundant 
labor in the South, a higher volume of exports is necessarily associated with a 
loyer (relative) price of the basic good, with lower wages and employment, and 
with lower domestic consumption of basic goods. In the following, we summar- 
ize the rationale for this sequence of events. However, before doing so i t  
seems worth noting that the results are r e v e ~ s e d  when the production system 
in the South is more homogeneous and when its labor supply is less abundant. 
In this latter case, following an expansion of exports, we obtain results in the 
spirit of "gains from trade and specialization": increasing exports leads to an 
improvement in the North-South terms of trade, and to  increases in domestic 
employment, consumption of basics, and real wages. From an economic 
viewpoint, therefore, the economic parameters of dualism and of labor abun- 
dance are rather important. Such parameters may have to be modified before 
embarking on an export-led policy. It should be noted that the crucial duality 
condition cz /  D < 2w/ PB that determines whether or not an export expansion 
is desirable can be shown to  depend itself on the level of exports already 
achieved by the economy. Therefore, different export policies are advisable a t  
different 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 alternative policy issues in 
the last section of the paper. 



We now discuss how the negative impacts of increased exports emerge 
when the economy of the South has abundant labor and dual technologies. 
This requires 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 economist's 
ceteris paribus assumption, an increase in the price of basic goods will 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 
different when we remove the ceteris paribus assumption and let all markets 
adjust, ite. when we move from one full market equilibrium to another. In this 
latter case, the demand for B may increase a t  a new equilibrium with a higher 
price of B. This will occur when, at a new price level, firms produce more of 
the labor-intensive commodity B and increase, therefore, the levels of 
employment and of wage income, thus leading to a higher demand for the 
basic good at  the  new equilibrium. Similarly, the supply of basic goods 
increases with a higher price of basics. What remains to  be determined is 
whether supply has increased more than demand, o r  vice versa, a t  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 cZ/ D -2w/pB compares 
precisely the strength of the supply ( C ~ / D )  with the demand response 

(2w PB)- 
Proposition 1 of Chichilnisky (1981) proves that with abundant labor and 

dual technologies, the increase in domestic demand ezceeds the increase in 
supply at the new equilibrium. Therefore, as the price ;of basics increases, 
exports decrease. Equivalently, exports can increase -only if prices and 
domestic coqsumption 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 ~ c ~ e o d  (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 
exports 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) th is curve is not a supply curve for the economy. It  merely allows us to 
trace out bypothetical equilibria, and the relationship between the price of 
basic goods arld the volume of exports of basic goods, across each of these 
equilibria. For each level of international 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 international exports varies across equilibria. However, a t  any 
equilibrium where labor is  abundant and technologies are dual 
( a  large, c2/D < 2w/pB), 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). I t  follows there- 
fore 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 
to decrease when exports increase (see the Appendix). We therefore conclude 
that  under dualism a d  with abundant 1abo.r (a large ,c 2/ D < 2w /pB), a move 
towards a nevl equilibrium, with a high67 volwne of ezports is necessarily asso- 



c ia ted w i t h  a lower  price of these ezpor ts ,  a lower  rea l  wage ,  and decreased 
domest i c  consumpt ion  of basic goods in the South. This is Proposition 1 in Chi- 
chilnisky (1981). 

I t  is 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 latter case, an increase in the volume of exports is 
associated with a higher level of prices of basic goods. This is because now, as 
the price of the basic good increases, domestic supply increases propor- 
tionately more than domestic demand in the new equilibrium. Mth abundant  
labor and homogeneous technologies (cz /  D > 2 w / p g )  a n  increase in expor ts  
leads  to be t t e r  t e r m s  of t rade,  to higher real  wages  and  emp loymen t ,  and also 
to  higher l eve l s  of consumpt ion of basic goods. This is Proposition 2 in Chichil- 
nisky (1981). It can also be shown that  the volume of industrial goods 
imported also increases in the new equilibrium. This is discussed in the Appen- 
dix. Figure 4 il lustrates 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 the case of the dual economy with abundant 
labor: as exports of the basic good increase, the price of this good, the real 
wage an6 the  employment all decrease in the South. 

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

A first point is that, in the North-South model, the  international division 
of labor is actually reinforced by the expansion of international trade when 
technologies are dual and labor abundant in the South. This is because 'more 
trade leads to lower wages in the South, therefore reinforcing the relative 
advantage of the South. In contrast to the conventional wisdom, inequality 
and the  division of labor may perpetuate themselves. 

A second point is that factor prices not only fail to  equalize across regions 
in th is model, but they also tend to drift further apart in the South as trade 
expands. This point is worth mentioning because i t  is only natural that  with 
different technologies in the two regions, factor prices would never become 
fully equalized. As only goods are traded internationally in this case, only the 
prices of goods are equal in equilibrium. However, in a Heckscher-Ohlin model 
in which technologies are different, but duality is not significant and labor is 
not abundant. free trade would f e n d  to equalize (even though i t  may never 
fuLLy equalize) factor prices. Thus in such a Heckscher-Ohlin model relative 
advantages tend to  be blurred as trade takes place, and the division of labor 
appears again to  be a temporary or self-destructive phenomenon. In the  
North-South model, by contrast, relative advantages are  emphasized through 
free trade because wages in the South decrease. The international division of 
labor is therefore self-perpetuating. 

I t  now remains to analyze the response of total export revenues of the 
South. This is relevant because if total revenues did increase, i t  would be pos- 
sible to  increase exports and to  redistribute the proceeds adequately in order 
to compensate for the harmful effects of export-led policies on wages an( con- 
sumption. In Chichilnisky (1983a) we examined how an increase in exports 
affects export revenues of the South under different conditions, and showed 
that, with duality and abundant labor, the deterioration in the terms of t rade 
of t he  South following an increase in exports leads also to lower export reve- 
nues. ht the n e w  equi l ib r ium the North impo r t s  m o r e  basic goods a t  a Lower 
pr ice,  and e z p o ~ t s  a lower  vo lume of industr ia l  goods in ezchange,  h c e r t a i n  
cases  the North m a y  actualLy increase its domest ic  consumpt ion  of bo th  goods, 
basic a n d  indus t r ia l ,  af the nsw equi l ib r ium.  
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HGURE 4 The standard case with homogeneous technologies: c2/ D > 2 w / p B .  Figure 
4a represents the domestic: market, both supply and demand for the exportable a t  
home; Figure 4b represents the international market. The difference between the 
equilibrium level of supply and the equilibrium level of demand is denoted EB*, the 
amount exported to the international market a t  equilibrium pr icespBL.  Domestically 
we have the corresponding equilibrium values of supply and demand that determine 
domestic consumption a t  th.e world equilibrium. 

In the second equilibrium there are more exports IT'**, a t  a higher price pB8*,  
and an  increase in  the equilibrium value of domestic supply, a s  well as  a decrease in  
equilibrium demand. Therefore, as shown earlier in Figure 2 (left-hand side), the 
wage/rental ratio has increased in the South. More exports lead to a higher level of 
wages in  the  new equilibrium. 
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FIGURE 5 The dual economy with abundant labor: c Z /  D < 2 w / p B .  Figure 5 
represents domestic and international markets interacting with each other; the 
domestic market is represented in Figure 5a and the international market in Figure 
5b. Here pB* represents first equilibrium prices, and EB* the equilibrium level of ex- 
ports. pB** and EB** represent the second equilibrium prices and export volumes. 
The rest of the symbols correspond to those of Figure 4. A s  opposed to the neoclassical 
case, in the dual economy the reaction curve that links export levels with equilibrium 
prices is downward sloping, reflecting the supply and demand effects across equilibria 
that were discussed in the text for both markets for goods and for services. This is 
proved in Proposition 1 of Chichilnisky (1981). With increased exports, the 
wage/rental ratio decreases, and there is also lower total output, and thus employ- 
ment domestically. Furthermore, the increase in demand from the North brings about 
lower equilibrium prices for the exportabie. 



In the S u t h ,  the w o r s e n i n g  of the  t e r n  of t r a d e  l e a d s  to f e w e r  i m p o r t s  of  
i ndus t r i a l  goods.  l h e  c o n s u m p t i o n  of b a s k  goods d e c r e a s e s  in the S u t h ,  a n d  
the v o l u m e  of i m p o r t e d  i n d u s t r i a l  goods avai lable f o r  i n v e s t m e n t  d e c r e a s e s  
a lso .  h this s e n s e  e z p o r t - l e d  g r o w t h  u n d e r  the  c o n d i t i o n s  of technological  
d u a l i t y  a n d  a b u n d a n t  l a b o r  m a y  have  a h a r m f u l  i m p a c t  o n  i n d u s t r i a l i z a t i o n  
as w e l l  as o n  the s a t i s f a c t i o n  of bas ic  n e e d s .  A c o n t i n u a t i o n  of expor t -  led  pol i-  
c i e s  u n d e r  these  cond i t i ons  d o e s  n o t  s e e m  prop i t ious  f o r  m t a i n e d  deve lop-  
m e n t .  All these results occur in stable markets. They are proved in Chichilni- 
sky (1981, 1983a). 

With abundant labor and dual technologies, t he  international market 
appears, therefore, to concentrate rather than to diffuse the gains from trade. 
It is true that both regions are better off trading than they would be in isola- 
tion. 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, c Z /  D < 2 w / p B .  An expansion of exports under 
these conditions may lower the welfare of the South and increase the welfare 
of the North in a sustained fashion. Obviously we cannot apply these results t o  
compare autarky and free trade, since autarky is n o t  a free trade equilibrium 
and here we are only comparing free trade equilibria with different trade lev- 
els. In cases where autarky is a limit of a sequence of free trade equilibria, i t  
can be shown that the crucial condition c2/ D - 2 u r / p B  becomes positive since 
the real wage w / p B  goes to zero. This means that in these particular cases, 
more trade is initially belieficial but becomes more harmful as i t  expands. 
Note, however, that when there is a minimum wage w / p B  required for sub- 
sistence, there may be n o  export level a t  which c 2 /  D exceeds 2 w / p B .  

The above results seem more consistent than the  standard Heckscher- 
Ohlin results with the bverall international experience of the 1945-1970 
period, a period in which there was an expansion of trade, accompanied by 
continued specialization and increasing wealth differentials between the  
industrial and the  developing countries. It remains to evaluate the generality 
of the assumptions, both within the context of what is usually assumed in t he  
body of economic theory and also in the context of t he  empirical data avail- 
able, and this we shall discuss next. 

The condition of duality in technologies of the South is rather general and 
has been tested for Sri Ldnka, Mexico, and Argentina. However, the condition 
of labor abundance (a large) may be considered more stringent. For this rea- 
son we have also considered a version of th'e North-South model where labor is 
not necessarily very responsive to wages in the South, i.e. a may be small or 
even zero (see Chichilnisky 1983a). Here we make instead a different assump- 
tibn, namely that the exported good is a "wage g o o d ,  i.e. a good that  coristi- 
tutes the bulk of the  consumption of wage earners ( w L  = p B B  in equilibrium). 
This assumption 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 to the same harmful effects of export-led 
policies. Other extensions of the model were produced, leading to  similar 
results, for cases where the country exports a labor-intensive good t,hat is not 
consumed domestically (an export enclave), or where the country exports raw 
materials whose production is not labor intensive; see Chichilnisky (1981, 
1982). I t  seems necessary, therefore, to correct the conditions that lead to  
negative outcomes before undert.aking 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.k Lewis mentioned 
earlier. 

Prebisch (1950, 1959) developed a thesis that there is a systematic bias in 
the distribution of the gains from trade against developing countries, implied 
by a secular deterioration in the terms of trade of the South. While no 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 is highly income elastic. Increases in income thus proportionately 
reduce the demand for exports from the South, but increase the demand for 
exports from the North. This leads to  a secular decrease in the price of 
exports of the South with respect' to the exports of the North. Other argu- 
ments were also advanced about the role of noncompetitive agents, such as  
large corporations and unions in the North, in the decline in the relative price 
of exports from the South, and in the rise in income by the North. An impor- 
tant outcome of the Prebisch "terms-of-trade" thesis were the protectionist 
policies of import substitution in Latin America in the late fifties and the early 
sixties. These policies imposed tariffs in order to protect certain domestic 
industrial sectors, such as manufactures and capital goods--the so-called 
infant industries. 

Our approach is different from that  of Prebisch both in assumptions and 
in results. In the first place, the North-South model makes no assumptions 
about the elasticities of international demands for the goods exported by t h e  
North and the South. Our assumptions are instead on d o m e s t i c  s t r u c t u r e s :  
technologies and factor markets within each region. Secondly, our model is 
consistent with perfectly competitive markets for goods and factors and, 
therefofe, also differs from the assumption of Prebisch about noncompetitive 
agents in the North. Finally, with respect to policy: certainly the North-South 
model does not advocate the replacement of export-led growth by import sub- 
stitution policies. This is because import substitution is a policy concerned 
only with the supply side of the economy, while in our work, instead, both sup- 
ply and demand must be considered to  evaluate the outcomes. Appropriate 
local demand structures seem a t  least as important as  changes in the supply 
side, to obtain beneficial outcomes. 

We focus next on W.A. Lewis' celebrated model of economic development 
with unlimited supplies of labor (Lewis 1952), and especially on his last section 
where he discusses development and trade. Lewis' model considers two 
regions trading with each other. One, the North, has the  characteristics of a 
neoclassical economy. The other region, the South, is characterized by unlim- 
ited supplies of labor and a dual economy, a part of which is capitalistic and 
the other "traditional." Lewis' work, therefore, diverges from the neoclassical 
model as well as from our model, in that  a rather different formalization is 
given to  the economies of the  North and of the South. The North is a perfect 
market economy, while t he  South has a rather different structure.  In our  
model, instead. the behavior of both regions is consistent with perfect market 
behavior. 

Clearly, the assumption of a high elasticity of labor supply in our  model is 
linked with Lewis' assumption of unlimited supplies of labor. However, our 
assumption is substantially different: wages in the  South do adjust with 
changes in market conditions. In Lewis' model, instead, wages are per- 
manently pegged to the subsistence level. Another difference is that  Lewis' 
model assumes that the  economy is divided into a "capitalist" and a 



"traditional" sector. In the capitalist sector, the motive for employment is to  
generate profits, while in the traditional sector, labor is considered as essen- 
tially self-employed (as in the peasant family) or engaged in petty trade, or 
service occupations. The real wage in the capitalist sector is .exogenously 
given, and i t  exceeds earnings available in the traditional sector, .so that  
employment in the formal sector is constrained by demand only and not by 
supply. I t  is in this sense that  Lewis speaks of "unlimited supplies of labor". 
Given the wage and technology, profit maximization determines the 
capital/labor ratio and the rate of profit, and the size of the capital stock 
determines the level of employment in the capitalist sector. Each region pro- 
duces three goods, one of which is common to both. The terms of t rade 
between the two regions are determined purely by relative labor productivities 
in the common good, food, independently of demand conditions. Demand con- 
ditions are therefore not important in the Lewis model. All these specifica- 
tions contrast with the North-South model. 

In the North-South model, instead, demand is ra ther  important. I t  helps 
determine the variable level of real wages and it contributes to the under- 
standing of the relationship between international market behavior (export 
levels) and domestic output and distribution of income. The international 
terms of trade are determined by supply and demand forces in both markets. 

I t  is also of interest to contrast our model and the Heckscher-Ohlin model 
with that  ~f Lewis. Lewis considers two different seckors, a capitalistic and a 
traditional one, each with different modes of behavipr. Only the capitalistic 
sector maximizes profits. Instead, in our economy, market behavior is con- 
sistent with the hypothesis of profit and utility maximization throughout. As 
in the  Heckscher-Ohlin model, both economies produce, 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 difficult to  compare directly with the two-region, two-good, and two- 
factor Heckscher-Ohlin model, and thus his results, while yielding different 
conclusions, do not necessarily contradict or support the  standard results. By 
contrast, since our results are posed in a manner completely analogous t o  
that  of the  Heckscher-Ohlin model. a more thorough comparison of assump- 
tions and results is possible, and thus criticism can be formulated more pre- 
cisely. 

Finally, we compare the North-South model with the work of the Marxist 
economists and the dependencia theorists of Latin America. Both these 
groups give less importance to  market behavior than we do. G. Frank concen- 
t ra tes on the secular trends in the international accumulation of capital as 
determining terms of trade, while our work does 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 accu- 
mulation of capital of the South, then the deterioration in terms of trade that  
he predicts could be, in part, attributed to market forces. A Emmanuel's 
unequal exchange work measures the terms of trade 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 "exploitation" of the one with the lower wage. This view is, in certain 
cases. consistent with tha t  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 i z  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 Amer- 
ican dependencia  theorists. Firstly, as  in Lewis' and in contrast  to  t he  
Heckscher-Ohlin model, dependencia  theory stresses certain asymmetr ies in 
the s t ruc tures of the economies of the North and South. The existence of 
some asymmetries and of "the other region" having a large role in shaping t he  
economies of each region is common to  this work, although it is a ma t t e r  of 
continued controversy within the dependenciu  school to what extent  these 
asymmetries are  dete rminan t  of the economic development pat terns in t he  
South.. The Latin American economists also put some emphasis on duality in 
production. Huwever, at  the  level of assumptions and  structure,  a s  pointed 
out earlier and also discussed by Palma (1970), nei ther formalization for con- 
sistency with competitive market  behavior can be found in the dependenc ia  
theory l i terature. This is a major departure from our model. 

At the level of results, or predictions, part icular cases of differences 
between the Latin American dependencia  theory and our work a re  easily seen. 
For instance, as explained by Palrna, dependencia  theory never produced a 
clear answer t o  the  problem of whether dependencia  was favorable t o  growth 
or whether, instead,. i t  leads inexorably to stagnation. In fact, opposing 
viewpoints on this mat ter  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 i ts  effects 
through trade, will be favorable and those in which it will be unfavorable t o  t h e  
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 t he  general rel iance 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 production system of 
the South, an expansion of exports cannot be expected to  improve c o n s u m p  
tion or real wages in the South. Nor can i t  be expected to increase tota l  
export revenues, so thrjt redistributive policies would not provide a solution 
either. Furthermore, in'dustrial imports decrease, so that  these policies a r e  
not beneficial to  industrialization either. A careful appraisal of each  case. 
focusing especially on the parameters studied here,  labor markets, technolo- 
gies, and domestic demand, seems to  be in order before endorsing export-led 
strategies. 

We may also view the results as  supporting t he  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 z /  D < 2 w / p B )  depends on the level of real wages, and this depends, in turn ,  
on the  cur rent  levels of exports. At different export levels, dilferent policies 
will be recommended: when c 2 / D  < 2 w / p B ,  exports should contract ;  when 
c2/ D > 2 w / p B  they should expand. The conditions therefore aim t o  achieve 
optimum export levels, which depend on the domestic structure of t he  econ- 
omy. 

One conclusion is that  the development of t he  South cannot, i n  general,  
be based on the  relative advantage.of cheap labor provided by ext reme mass  
poverty. To the  extent tha t  such conditions a re  consistent with abundant  and  



wage-responsive labor supply and with dual technologies, export-led policies 
may lead to  serious deteriorat ion of t he  terms of trade and  to  lower export 
revenues for the region. 

If bet ter  income distributions a re  achieved tha t  lead to larger and 
stronger domestic markets  and these a re  accompanied by lower rates of popu- 
lation growth and thus  less abundant labor, then t he  negative results of 
export-led policies may be reversed. Basic needs policies may  therefore 
improve the position of the developing country vis-a-vis in te rna t iond  mark- 
e ts. 

It should be noted tha t  the protection of local i.e. import 
substitution or  infant industry protection, is neither a necessary nor a suffi- 
cient correct ion to  the harmful effects of export-led policies. What is required 
is tha t  local markets  be strong in order to prevent deterioration of interna- 
tional terms of t rade and of export revenues in the  long run. The required 
"protection" mus t  therefore be of the domestic market  ra ther  than of the  
infant industry alone, and  should lead t o  a n  improvement in the lot of the 
majority of people. In policy terms,  since in a market  or  a semimarket  econ- 
omy the income of factors is related to  their  productivity, increases in pro- 
ductivity of the  rura l  and other low-income groups in the economy seem 
necessary before rel iance is put  on export-led policies. 

Increases in domestic labor productivity seem to  be ra ther  crucial 
towards th is end. They lead to h i g k r  real  wages, bet ter  domestic markets, 
and bet ter  te rms  of trade, as  proved in Chichilnisky and McLeod (1983). This 
is consistent with Lewis' view tha t  labor productivity in agriculture is an  
important determinant of t h e  region's international terms of t rade and the 
relative price of agr icul ture vs. industry. The experience of Japan, West Ger- 
many, and  South Korea, which were widely discussed in the  seventies as  hav- 
ing very successful export policies, seem to  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 export-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 te rms  of trade for their  pro- 
ducts. 

The results also indicate tha t  a significant relationship exists between the 
North-South terms of t rade and t h e  distribution of income within the South. 
Better te rms  of t rade with t h e  North a r e  linked with bet ter  distribution of 
income within the  South. The international market  is therefore an  important  
factor in shaping domestic distributions within each region. The interact ion 
of domestic and international factors should not be neglected, even with 
respect to  variables tha t  a r e  often considered to  be purely domestic, such as 
the distribution of income. Basic needs are n o t  only a domestic issue; they 
perta in to the internat ional  community as a whole. 



NOTES 

See for example Project Reports 1 (1978) and I1 (1980) of the UNITAR Pro- 
ject on Technology Distribution and North-South Relations, UNITAR. New 
York 10017, USA 

See for example James and Pearce (1958) and Samuelson (1962). 

For a discussion of the unprecedented postwar increase in international 
trade, see for example Chichilnisky (1982). 

For a discussion of increases in North-South differentials during this 
period see Chichilnisky (1982). 

See Chichilnisky (1982). 

See for example Palma (1978). 

Project on Development and North-South Trade. This was sponsored by 
the UN, FUNDPAP, the Department of Economics and Social Affairs, New 
York, and the UN Institute for Training and Research (UNITAR), directed 
by S. Cole and G. Chichilnisky. 

See Podivinsky (1982). 

See Chichilnisky and McLeod (1983). 

For the precise conditions, see Proposition 1 of Chichilnisky (1981) and 
also Chichilnisky (1983a). 
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APPENDIX 

This Appendix summarizes the North-South model of Chichilnisky (1981, 
19B3a), and computes the set of equilibria as a function of the initial data: pro- 
duction functions and supplies of factors. It also gives conditions for unique- 
ness of the solutions, and proves the main results quoted in the paper. A com- 
puter program for solving the model and the results of a number of simula- 
tions are also provided. 

Each region is described by behavioral assumptions and by equilibrium 
conditions, making a total of 26 equations for the whole North-South model. 
However, in order to compute an equilibrium explicitly, it suffices to solve a 
single equation. This is a rather unusual and useful feature of the model: i t  
allows one to derive in a simple algebraic fashion the solution and all of the 
comparative statics properties of the model. 

Consider first the economy of the South. I t  supplies basic goods B and 
industrial goods I using labor L and capital K: 

B' = min (L */ a l. K ~ /  c 

= min(Lr/ a2, KI/ c 2) 

The corresponding price equations, under the assumption of competitive 
behavior on the part of the producers, are in equilibrium: 

Labor and capital supplies in equilibrium depend on their rewards: 

where w denotes wages, pg the price of basics, a n d r  the rate of return to cap- 
ital. To these four behavioral equations we add equilibrium or market clearing 
conditions for factor and commodity markets: 

LS = LD (A. 5 )  

KS = KD (A. 8 )  

LD = BSal + K'U~ .(A?) 

K ~ =  B ~ C ,  +Ksc2 (A. 0 )  

gS = BD + xJ, where X$ denotes exports of B (A. 9) 



= xf) + I ~ ,  where xf) denotes imports of I (A.  10) 

and the balance of payments condition 

where the superscripts S and D denote equilibrium supply and  demand 
respectively. It is worth noticing that  in an equilibrium, the Walras Law or 
National Income Identity is always satisfied in each region: 

p B a D  + pirD = P ~ ( B ~  - xJ) + p I ( ~ S  + XP) = p B ~ S  + p I I S  (W) 
= (a Iw  + C ~ T ) B ~  + (a2w + c 2 r ) r S  = W L  t r ~  

In view of this, and of i ts homogeneity properties, an equilibrium of this model 
is in principle consistent with a stgndard Arrow-Debreu competitive general 
equilibrium for some se t  of underlying individual preferences. 

The North is specified by the same equations (k l )  to ( A l l ) .  except for 
possibly different parameters in the technology and in the supply of factors. 
In a wor ld  equi l ib r ium the prices of traded goods are equal, and exports match 
imports. This yields four more equilibrium conditions: 

P I ( S )  = Pz (N)  (A. 12) 

(A. 13) 

(A. 14) 

(A. 15) 

where the letters S and N in brackets denote South and North respectively. 

'In each r e ~ i o n -  

us c ~ b  a2, c2 ,  a. L,  8, K 
B , B , xB, rs. I ~ ,  xP, 

there are therefore eight ezogenous pa rame te r s :  
and fourteen endogenous variables: p ~ ,  pz, r ,w .  

L', L ~ ,  K', K ~ .  There are eleven equations in each 
region ( k l  to k l l )  plus four international market clearing equations (A.12 t o  
k 1 5 ) .  Note that the balance of payments condition ( A l l )  for the  North is 
automati'cally satisfied when (A 12) to (A.15) hold. and then ( k l l )  is satisfied 
in t he  South. Therefore we have a total of twenty-five independent equations. 
To these we add a normalization condition 

i.e. the industrial good is the numeraire, and thus obtain a total  of 26 
independent  equat ions fo r  the North-&uth model .  

Since there are fourteen endogenous variables in each region, w e  have 28 
endogenous var iab les in to ta l .  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 a t  an equilibrium in either region. This can 
be done in several ways. One is t o  choose utility furlctions; another is to  
choose equilibrium levels of demand for one or  the other good; and a final 
alternative is to choose the  demand for imports or for exports a t  an'equili- 
br ium In Chichilnisky (1981)  the equilibrium level of demand for industrial 
goods in the South is fixed exogenously: 



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

p B ~ D  = WL (A. 17)' 

i.e. wage income is spent on the basic good. This is equivalent, in turn, to the 
assumption that  capital income is spent on the industrial good, by the 
National Income Identity (W) given above 

iD = T K  ( A  17)" 

We parameterize the solutions in the first place by fixing the equilibrium 
level of demand for industrial goods in the North. Therefore, as the demand 
for industrial goods in the North r D ( N )  varies, we obtain a one-parameter fam- 
ily of equilibria. This family describes a path in the space of all endogenous 
parameters, which is pa. Comparative static exercises consist of eqlor ing 
the relationships between the endogenous variables across this path of equili- 
bria. For instance. Proposition 3 in Chichilnisky (1981) studied the relation- 
ship between two endogenous variables, exports of basic goods of the South 
x~(s) and the North-South terms of trade pB/p l .  across the equilibria 
obtained as the equilibrium level of industrial demand in the North varies. 

Obyiously, a move across the path of equilibria can be parameterized by 
changes in any variable other than r D ( N ) .  One can equally well use the 
demand for exports from the South, which we may interpret as an ezport  
quota of the North. x ~ ( N ) .  It is shown in Proposition 2 below that this does not 
alter in any way the equilibria of the model nor the comparative statics 
results. Proposition 1 in Chichilnisky (1981) used the equilibrium level of 
exports X ~ S )  to barameterize the solutions. while Proposition 3 in Chichilni- 
sky (1981) used the equilibrium level of industrial demand in the North. This 
equivalence of the solutions 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 con- 

dition for industrial goods. In equilibrium 

xpcs) = $(N) 

This can be rewritten as 

iD (s) - iS(s) = I'(N) - rD( N )  , 

where by (A.17) the equilibrium level of industrial demand in the  South fD(s) 
is a given constant, rD(S)  (or equivalently rD (s )  = T ( S ) .  K ( s ) ,  by (A. 17)"; one 
obtains similar results using either formulation). Inverting equations (A.7) 
and (G8) we may obtain the outputs of basic and of industrial goods as func- 
tions of total labor and capital employed in an equilibrium: 

B' = (c,L -azK) /  D ( A  19) 

is = ( a l K - c l L ) /  D , ( A  20) 

where D is the determinant of the matrix of technical coefficients a I cZ -a2c1 .  
One substitutes (A20) into ( k18)  and obtains 

AS) - ( a lK - c  lL ) /  D = (a I (N)K(N)  -c I ( N ) ~ ( ~ ) ) /  D (N) - rD(N)  , (G21) 



where the parameters a l ,  c l  and D refer to the South unless otherwise indi- 
cated. 

Capital and labor in (k21) are functions of the factor prices, as in equa- 
tions (k3)  and (A4). Furthermore, inverting the price equations (A l )  and 
(Az) allows one to obtain the factor prices as a function of the (relative) com- 
modity price pB: 

(A. 23) 

In view of this we can rewrite (k21) as a function of only one variable, namely 
the (relative) price of basics pg, by substituting ( k3 )  and ( k4 )  and then (A.22) 
and (k23) into (A21). One obtains therefore a quadratic equation in the (rela- 
tive) price of basic goods. This equation is parameterized by all the exogenous 
data, and by the industrial demand of the North  ID(^): 

where 

and 

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

Solving the quadratic equation (k24) gives an analytic expression for the  
equilibrium price pB of the North-South model, as  a function of all the exo- 
genous data and of the industrial demand of the North. Therefore we call 
(A24) a reso lv ing equa t ion .  Since the constant and second order terms of this 
quadratic equation are positive and negative respectively, there is a t  most one 
(strictly) positive root which we denote p B ( ~ D ( ~ ) )  to indicate i ts dependence 
on the parameter  ID(^), the equilibrium level of industrial demand in the  
North. 

Proposition 1: m e  North-South mode l  has d m o s t  one equ i l i b r ium Jar 
e a c h  leve l  of i ndus t r ia l  d e m a n d   ID(^) of the North. 

Proof. The proof is constructive. Equation (k24) determines a t  most one 
(strictly) positive equilibrium price for basics. pB*,  for each level of industrial 
demand in the North, ID(lV). 

We now indicate how each pB* defines unique equilibrium values of all the  
other 27 endogenous variables. 

From the factor/commodity price equations (A22) and (A23) 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 lev- 
els of employment of both factors in equilibrium, from (A.3) and (A.4); this, in 
turn, yields output levels in equilibrium, f rom ( ~ 1 9 )  and ( ~ 2 0 ) .  We need only 



determine domestic demand for both goods in both regions. Demand for 
industrial goods in the South is an exogenous constant ID(.S) (or else i t  equals 
r . K, both of which are known by (A.23) and (A.4)). In the North, ID is fixed by 
our choice of  ID(^). From the National Income Identity ( A l l ) ,  i t  is then sim- 
ple 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 a t  an  equili- 
brium yields exports and imports of each good, in both regions. This com- 
pletes the computation of t h e  unique equilibria for the North-South model for 
each value of industrial demand in the North. 

We consider now a different parameterization of the North-South model. 
R e  model is now defined by equations (A 1) to (A 11) in each region, and (A 12) 
toI(A.17), so we obtain as  before a system of 27 equations in 28 variables. How- 
ever, we now choose to  parameterize the model by t he  equilibrium level of 
exports of the  South xS(s), ra ther  than by the industrial demand of the  North. 
Since in equilibrium Xj(S) equals the imports of the North x?(N), th is param- 
eter can be interpreted as an  "import quota" of the North: 

Proposition 2: 7he ~or th -Sou ' th  model  has at m o s t  one equ i l i b r ium fo r  
each level of expor ts  of bas ics .  This vo lume  of expor ts  m a y  be s e t  b y  an impor t  
quota in the North. As the i m p o r t  quota va r i es ,  a se t  of equ i l ib r ia  is descr ibed.  
lkis s e t  is ident ica l  to t ha t  obtained b y  paramete r i z ing  the so lu t ions b y  the 
equi l ib r ium level of i ndus t r ia l  demand in the North. 

m e  comparat ive s t a t i c s  proper t ies  of the North-South mode l  a re  the s a m e  
w h e n  this .is parameter i zed  b y  impor t  quotas,  or b y  the indust r ia l  demand  of 
the North. 

Proof. Equation (A.24) ceases to be the most convenient way of finding an  
explicit solution, since now industrial demand in t he  North  ID(^) is a n  
endogenously determined variable. 

An appropriate choice of equation to solve the  North-South model 
parameterized by the level of exports x~(s),  is  the balance of payments condi- 
tion (A 11): 

Since qD(s)  = ID(s )  - iS(S), we have: 

where the right-hand side variable is now exogenously given. We now reduce 
(A25) to a quadratic expression in  the price of basics, pg.  

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

Since by ( k 3 )  and (A4) t h e  equilibrium levels of capital and labor employed 
are functions of wages and profits, and by (A22) and (k23) wages and profits 
are functions of t he  price of basics, by substitution into (A26) we obtain: 



where A, V, and C are defined as in (A.24).  all parameters for the South. Equa- 
tion (A.27) is a quadratic expression in pB which allows to solve the model 
analytically. and is therefore called a resolving equation. (TD(s) can be sub- 
stituted as before for I D ( s )  = T ( s ) .  K(s ) ,  from eqn. (A.17)".) 

The resolving equation (A.27) appears to be different from the resolving 
equation ( A 2 4 )  which was used to  solve the model when this was parameter- 
ized, instead, by the equilibrium level of industrial demand in the North. How- 
ever, i t  will now be shown that  ( k 2 7 )  is identical to (A.24);  in particular, of 
course, they have the same solutions. To show this consider the difference 
between ( A 2 4 )  and (A.27) 

We shall now show that  this difference is identical to zero, by expanding the  
expression p z ~ i ( ~ ) .  In equilibrium, 

x ~ ( N )  = -ID(') , so that  p ~ ( x l ( N ) )  = pBIS(N)  - p B I D ( N )  . (A.29) 
PB 

Substituting IS = ( a I ~ - c 1 L ) / D  into ( k 2 9 ) ,  we obtain an expression for the  
value of industrial supply as  a function of Factors employed in the North: 

We may now substitute (A.3 and (A.4) and (A.22) and ( k 2 3 )  into ( k 3 0 )  to d obtain an expression for pBI (N) depending only on the price of basics: 

where all parameters a re  for the North. Thus 

p B ~ s ( ~ )  = - pB  C ( N )  -p& ( N )  + V ( N )  . 
where A ( N ) ,  C ( N ) ,  and v ( N )  were defined above. We may therefore rewrite 
p j ~ j ( ~ )  in (A.29) as: 

p , # ( ~ j ( ( ~ ) )  = - P B I ~ ( N )  -P$A(N)  - P g ( C ( N )  + v ( N ) )  . (A. 32 )  

from which i t  is immediately apparent upon inspectiori of ( k 2 8 )  that the  
difference (A.24) - ( k 2 7 )  is identically equal to zero. Therefore, the quadratic 
expressions (A.24) and ( k 2 7 )  give exactly the same solutions to the North- 
South model. This shows tha t  the model has the same solutions whether it is 
parameterized by industrial demand in the North or by exports of the South. 

I t  is now necessary to  show that  the  comparative statics properties of the  
North-South model a re  the same with both parameterizations! Comparative 
statics involves studying t h e  signs of derivatives of one endogknous variable 
with respect to  a parameter, o r  to another endogenous variable, across equili- 
bria. For instance, we study t h e  changes in the price of basics (an endogenous 
variable) as exports ,Y; vary, indicated by d p / d x g  The tool used is the irnpli- 
cit function theorem, applied to  an equilibrium expression l(/(p,m = 0, which 
leads to  d p /  a!$ = - d$ /  dXg/ dl(// d p .  The equilibrium expression l(/ = 0 used 
when industrial demand is the parameter is (A24) = 0; when the parameter is 
the level of imports XJ the expression is  instead ( 27 )  = 0. However, as we have 



just shown, (k24) and (k27) are identical, so it is equivalent to  use either one 
or the other expression. Therefore, parameter i z ing  t h e  mode l  by the  i m p o r t  
quo ta  x~(N) ,  or  by the  i ndus t r i a l  d e m a n d  in the  Nor th  I ~ ( N ) ,  y ie lds  iden t i ca l  
comparat ive s t a t i c s  proper t ies .  This completes 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 t he  N o r t h - S u t h  e c o n o m y ,  whe re  t he  S o u t h  
ezpo r t s  basic goods, has abundan t  labor,  a la rge,  and  dua l  technolog ies,  so tha t  
c 2 / D  < 2 w / p B .  Then  a m o v e  to  a n  equ i l i b r i um  with a h igher  leve l  of  ezpo r t s  
of basics leads t o  lower  t e r m s  of  t r ade ,  lower  rea l  w a g e s  a n d  decreaqed con-  
s u m p t i o n  in t h e  Sou th .  [This is Proposition 1 in Chichilnisky (1981).] 

YYhen labor is abundan t  a n d  rea l  wages  are l ow ,  o r  e lse technolog ies a re  
su f f i c i en t l y  homogeneous  tha t  c2 /  D > 2 w / p B ,  then a m o v e  t o  an equ i l i b r i um  
with a h igher  leve l  o f  ezpo r t s  xj l eads  t o  be t t e r  t e r m s  oJ t r ade ,  and  h igher  r ea l  
w a g e s  and c h s u m p t i o n  in the  ISOuth, [This is Proposition 2 in Chichilnisky 
(1981).] 

Proof. It suffices to  apply the implicit function theorem to the quadratic 
expression (k27), p J ( ~  -X~(S)) + p B ( c  t p(S)) - V = 0. which is identically 
satisfied across the equilibria. We thus obtain: 

where all parameters, unless otherwise indicated, are from the South. The 
sign of (k33) is that  of 2pB(A -xa t C + I ~ ( s )  , where A and C were defined 
in (A27). Since a is large, the sign of (A.33) will be determined by those terms 
containing a. In A there are no terms in a; in C, the terrn is a c  lc  2/ D ~ :  there- 
fore (A.33) is negative whenever 

(A. 34) 

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

When a is large, the  terrn that dominat,es the expression for X$ is 

a c  ,(? - c DZpB. Therefore, from ( ~ 3 4 )  dpB/ d ~ i  is negative when 
2pBXB o2 > a c l c 2 /  D ~ ,  i.e., when c 2  > 2c l / p B ,  which is 
equivalent to c 2/ D < 2 w / p B  (Chichihisky (198 I), P. 177). Note that Chichilni- 
sky (1981) gave a dilferent proof, using (A.35) rather than (k33) to compute 
the derivative dX$/ d p .  From (A.35) one obtains 



Therefore. when a is large ( k 3 6 )  implies that  dx; /dpB is negative when 
2 c 1 / p B  < c z ,  i.e. when c z / D  < 2 w / p B ,  which is identical to the condition 
derived from eqn. ( k 3 3 ) .  Thus, exports increase only when their price p g  
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 dpB/ d ~ ;  is that of 2c , / p B  - c 2 ,  or equivalently that of 
c z /  D - 2 w / p B .  Since 2c l / p B  > c 2  is equivalent to c2 /  D > ? w / p B ,  the propo- 
sition is proved. 

Proposition 4: (Proposition 3 in Chichilnisky ( 1981 ) )  Assume the Sou th  
h a  abundant  labor and dual  technologies (a large a n d  c Z /  D < 2 w / p B ) .  m e n  
a m o v e  to a n e w  e q u d i b r i u m  with a h igher  leve l  of i n d w t r i a l  demand  in t h e  
North l e a k  t o  a higher Level of ezpor ts  of basics f r o m  the South ,  and to  lower  
t e r m s  of t rade ,  r e d  wages ,  and  domest ic  consumpt i on  h the Sbuth. This 
occurs in Walrasian stable m a r k e t s .  

Proof. For this comparative statics result, we use the  first resolving 
equation (A.24), which gives an implicit relation between the equilibrium price 
ot basics pBaand the,equilibrium level of industrials in the North,  ID(^), and 
contains all the  parameters of the model. h o r n  equation (A.24). by the irnpli- 
cit function theorem we obtain: 

where A and C are defined in ( A 2 4 ) .  

When a is large in t he  South. the sign of the te rm in a determines the  
sign of C + C ( N ) .  Since the te rm in a within C + C ( N )  is a c  1 ~ 2 /  D', a positive 
number, C + c ( N )  is positive in th is case. Furthermore. A and A ( N )  are  
always positive. I t  follows tha t  

dpB/  d r D ( ~ )  < o (A. 3 7 )  

when a in the South is large. Therefore when a is large a n  increase in t h e  
eqh i l i h f i um level  of indus t r ia l  d e m a n d  in t he  North Leads to  a drop in t h e  
equ i l ib r ium price of basics. 

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

where all parameters are from the South. When a is large, the terms in a 
dominate d ~ i /  dpB. From (A.36) these are  ( a c  l ( 2c  l / p B  - c z ) ) /  D ~ ~ $  Now. 
2c l/pB < c if and only if c2 /  D < 2 w / p B  (Chichilnisky (1981) ,  p.177). There- 
fore as seen above 

d x /  dpB < 0 when c 2/  D < 2 w  / p B  . 

Added to ( A 3 7 ) ,  this implies d ~ i /  d l D ( ~ )  > 0. To summarize: 4 m o v e  to  a n  
e g u i l W r n  with higher leve l  of indvs t r iu l  demand in the  North (i.e. an  
increase in the parameter f D ( ~ ) )  leads  t o  u largar v o l u m e  of impo r t s  of basic 
goods b y  the  North (higher xB), a n d  t o  l ower  t e r m s  of t rade for  the Suth 



To complete the comparative statics results, it suffices now to point out 
that real wages w / p B  are always positively associated with the price of basics 
(by (A.22)), and that the consumption of B is also positively associated wi th  
the price of basics in the South when a is large. This is because 
g D  = (wL + r K  - T ( s ) ) / p B ,  and this expression is dominated by the term in 
a, i.e. by a ( w / p ; ) ,  which is an increasing function of pB. Stability was esta- 
blished 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 ezpor t  r evenues  that follow an 
increase in exports. 

Froposition 5: h the N o r t h - S u t h  economy,  a s s u m e  that  the South has 
abundant  labor,  cx large, a n d  dual technologies, c2 /  D < 2?&/pB.  ?hen a m o v e  
to  a n e w  equi l ibr ium with a higher vo lume  of ezpor ts  leads n o t  on ly  to  lower 
t e r m s  of t rade b u t  also to  lower  ezpor t  Jevenues in t he  South. 

Proof. By Proposition 4,  as the level of exports X$ increases, the South's 
terms of trade pg drop a t  the new equilibrium. By ( k 2 2 )  and ( k 2 3 ) .  wages 
decrease, 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 IS increases, since by (k20), 
IS = ( n l K  -.c 1 ~ ) /  D. Since the industrial demand in the South is constant by 
(17) ,  and the supply IS has increased. the volume of imports of industrial 
goods X;(S) = I D ( s )  - I S ( s )  must therefore decrease when the price of basics 
drops. Therefore, by the balance of payments condition = XI the total 

s revenu'e from exports, pBXB. has decreased. This completes the proof. 

The next proposition studies macro changes in  both regions, following 
either an increase of exports xJ, or an industrial expansion in the North, i.e. 
an increase in I ~ ( N ) .  The results of this proposition are numerically simu- 
lated in the computer runs below. 

Proposition 6: Assume the condit ions of Proposit ion 5, t ha t  Labor supp ly  
in t he  Frth is unresponsive to  the  real  wage ( a ( ~ )  s m a l l )  and  that industr ia l  
goods id the North u s e  l i t t le  labor ( a 2 s m a U ) .  Then a move  to a n e w  equil i- 
brium with a higher level  of  industr ia l  demand in the North leads to a h igher  
consumpt ion  of b&!c goods in the  North. The North consumes  s imu l taneous ly  
m o r e  of both goods. and is therefore s t r i c t l y  bet ter  o f f .  

h the Suth, real  wages  a n d  consumpt ion  decrease. ?he South ezpor ts  
more  basics, a t  lower pr ices,  and receives lower ezport r evenues ,  m e  Sbuth  is 
st r ic t ly  worse o f f  a t  the n e w  equi l ibr ium. 

Identical resu l ts  obta in w h e n  the move to a n e w  egui l ibTium is due to a n  
increase in the level  of ezpor ts  of the South,  x~(s ) ,  or in the ezport  quotas of 
basics in the North, x~(N). 

Proof. Consider first the case where in the North a ( ~ )  = 0 and a 2 ( N )  = 0. 
The supply of basics in the North is then a constant, since 

gS = ( c 2 ~  - a 2 ~ ) /  D = c&/ D when a = a 2  = 0 

Since the consumption of basics of the North is the sum of domestic supply 
plus imports B ~ ( N )  = B ~ ( N )  + x ~ ( N )  and B ~ ( N )  is a constant, when imports of 
basics XRN) 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 
equilibrium with a higher level of industrial demand in the North I D ( N )  leads 
to  more exports of basics x~(s) = x ~ ( N ) .  Therefore, this leads here to  an 
increase in the consumption of basics in the North. The demands for indus- 
trial goods rD (N)  and for basics @ ( N )  have therefore increased simultane- 
ously a t  the new equilibrium of the  North: by any reasonable welfare measure, 
the North is strictly better off. By continuity, the same results obtain when 
az (N)  and a ( N )  are close to zero, proving the first part of the theorem. 

In the South, export revenues decrease as shown in Proposition 5 above. 
As the terms of trade p g  decrease, real wages and the consumption 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 X; or by the  
level of industrial demand in the North  ID(^) leads to the same comparative 
statics results. This completes the proof. 

We now tubn to extensions of the model. These allow us to obtain similar 
results for economies that may not have abundant labor. The extensions pro- 
posed here were formulated in Chichilnisky and Cole (1978),  and also dis- 
cussed in Chichilnisky (1981, p. 179). 

An Extension of the North-South Model 

The North-South model presented earlier is now al ter id 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 So\ith i s  
a given constant, we assume instead that  in equilibrium, wage income in t he  
South is spent on the basic good. This entails replacing eqn. ( A 1 7 ) ,  i.e.. 
I ~ ( s )  = TD(s), b y  the equation 

p B ~ D  = w L  (A. 17)' 

This "North-South model 11" consists therefore of the  same equations 
(A1 ) - (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 variable, such as the levels of exports 
of the South x ~ ( s ) ,  or of industrial demand in the North I ~ ( N ) .  

Proposition 7.  Consider a North-Sbuth economy I1 where capital stocks in 
the S u t h  are f u e d  ( K  = E), and L = a w / p g ( L  = 0). 'men. Q necessary and 
suff ic ient condition for an increase in exports to lower the South's t e r m  of 
trade, r e d  wages,  and consumption i.9 technological dual i ty:  c2 /  D < 2 w / p B .  
When the economy .is more homogeneous, or wages are lower,  so  that 
c2/  D > 2 w / p B ,  the Su th ' s  t e r m s  of trade improve as the S u t h  tncreases i t s  
ezports;  its real wages and consumption of basics increase.  When L#o, the 
necessary and sufficient condit ion is, instead, c2/  D < 2 w / p B  + L. 

Proof. Consider the equation for the equilibrium volume of exports 
X#S) = B ' (s ) -B~(s ) .  From (A.19). B~ = (c L - a  K ) / D .  and by (A.17)' 
B = w L / p B .  We may therefore rewrite X$ = Ei5 -B8, substituting for L and 
K from ( ~ 3 )  and (A.4). and obtain 



When = 0. the necessary and sufficient condition For dx; /dpB to be negative 
is c 2 /  D < 22u/pB.  When Z # 0, we obtain, instead, c2 /  D < 2 w / p B  +Z. 

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 rela- 
tion (A.22): 

w / p g  = c2 /  D - C  I / p B D  , which implies d dpB = c I / p i~  > 0 

Finally, the consumption of bayics is an increasing function of the real 
wage across equilibria, since B D  = w / p B L  = a ( ~ / p B ) ~  + w / p B L  by (A-3). This 
completes the proof. 

The following proposition obtains results analogous to those of Proposi- 
tion 4, but For the North-South model 11: the model is now parameterized by 
the North's industrial demand lD(IV)i rather than the volume of exports of the  
South. 

Proposition 8. Consider a N o r t h - 3 u t h  economy  11, where  the  capital s tock 
in the ~ u t h  is *ed ( K  = jl) and L = ~ w / ~ ~ ( E  = 0 ) .  m e n  a n  increase in t h e  
North's indust r ia l  demand  leads to  a n  increase in expor ts  and to lower  t e r m s  
of t rade,  lower  real  wages  and c o n s u m p t i o n  of basics in the South,  i f  and on l y  
i f  the  dua l i t y  c wndition ho lds  in the  Suth, c z/ D < 2 w  / pB. When L # 0 t h e  
condi t idn is c 2/ D < 2 w / p B  + 1. l&rther?no~e, i f  the  r a t e  of prof i t  in the  Sou th  
is su f f i c i en t l y  low thnt T < a l /  D ,  a n  increase in exports lowers also to ta l  
ezpor t  r evenues  of t he  S d h .  

The consumpt i on  of b m p s  and  of indus t r ia l  goods increases s imu l t ane -  
ous l y  in the North provided indus t r ia l  goods u s e  l i t t le  labor ( a 2 ( N )  sma l l  and  
labor is rat he^ unrespons ive  to  the  r e d  wage  ( a ( ~ )  s m a l l ) .  

Proof. f i rst ly we study the relationship between the equilibrium price of 
basics and the level of industrial demand of the North. Since Walras' Law is 
always satisfied in an equilibrium, p g B D  + I ~  = w L  + r K ,  and by assumptkon 
p B ~ D  = W L ,  i t  follows that 

Across equilibria, therefore 

Furthermore, from (23) ,  across equilibria 

(A. 39) 

Therefore, from ( 39 )  and ( 40 ) ,  i t  follows that 



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 basics is 
duality in the South: c 2 /  D < 2 w / p B  when Z = 0, or c 2 /  D < 2 w / p B  + when 
z # 0. Therefore since pg is negatively associated with I * ( N ) ,  these two condi- 
tions are also necessary and sufficient for an i nc rease  in exports and for a 
simultaneous decrease in the terms of trade of the South, as the industrial 
demand in the North increases. Since 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. 

1 

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

x ~ ( s )  = I D ( s ) - I S ( s )  = r K - ( a l K - c l ~ ) / ~  = ( r  - a l / D ) K + ( c l /  D)L 
t 

It follows tha t  

By assumption r < a l /  D; since d K /  dpg < 0 and d L /  dpB > 0, i t  follows that  
&YID(s)/dpB > 0, i.e. the imports of the South decrease as the price of basics 
drops. across equilibria. By the balance of pa ments condition, total export B revedues p B ~ g ( ~ )  equal the value of imports XI (3). Therefore we have proved 
that export revenues fall with a decrease in the price of basics, across equili- 
bria. 

Finally, under the specified conditions, the ,consumption of basics will 
increase in the  North following an expansion in industrial demand whenever 
a z ( N )  is small, and a ( N )  is small, as proved in Proposition 8. This completes 
the proof. 

The North-South Model with Fhed Endowments 
The last two propositions in this appendix consider economies with fixed 

endomrients, i.e. K = % and L = l ( a  =@ = 0). These propositions were sug- 
gested by comments made by Ron Jones. Proposition 9 refers to the basic 
North-South model and Proposition 10 to version I1 of the model. 

Proposition Q: Consider a North-South mode l ,  wiih f i zed  fac to r  endow-  
m e n t s  and  a large labor a p p l y  L in the South. In th is  case,  a move  t o  a new 
equ i l i b r ium w i t h  higher leve ls  of ezpor ts  a lways  Lowers Me t e r m s  of t rade  and 
ezpo r t  r e v e n u e s  01 the South, and also leads t o  lower  rea l  w a g e s  and consump-  
t i on  of bas ics  in the S u t h .  

Proof. When a = 0 and @ = 0, the cross-equilibria relation (A35) between 
exports and their price pg  is 



Substituting w and r from ( k 2 2 )  and ( k 2 3 ) ,  we obtain 

~3 = ( C  ,L - a 1 3 i ) / @ B + 7 D ( ~ ) / p B  

so that  

dx;/dPB = ( a , K - c  1 Z ) / @ g 2 - T D ( ~ ) / p i  

which is always negative when 1 is large. Furthermore, as the price of basics 
drops, the real wage, by ( h 2 2 ) ,  drops as well. Also, the consumption of basic 
goods, B D  = (WE + T K - ? ~ ( S ) ) / ~ ~ ,  also decreases when is large, since the 
sign of d B D / d p B  is dominated b y  the expression L ( d w / p B ) / ( d p B ) ,  which is 
positive by (A.22). This completes the proof. 

Proposition 10: Consider a N o r t h - S u t h  model  II with f u e d  factor endow- 
m e n f i  in the Buth. Zhen a move  to a n  equ i l ib r ium with i n c ~ e a s e d  ezpor ts  of 
ths wage good leads a lways  to a drop in the South's t e r m s  of t rade. it also 
leads to  a drop in Teal wages,  and in t he  consumpt ion  of the wage good in the 
South. However, in the n e w  equi l ibr ium, the  South  impor t s  more  industr ia l  
goods. 

Proof. In the North-South model 11, we have X; = ( c z l  -a&/ D - w / p B E ,  
i.e. 

X; = ( c 2 /  D - w / ~ ~ ) L  - a Z K /  D 
# 

By substitution from ( k 2 2 )  this equals 

so that 

dx$/ dpB = - c lz/ P ~ D  

which is always negative. Therefore, a move to an equilibrium with increased 
exports of the wage good leads always to a decrease in their price, pg. By eqn. 
( A Z ~ ) ,  w / p B  = c2/ D - c l / p B D ,  SO that the real wage decreases, and domestic 
demand for wages goods. being B~ = w Z / p B  = ( c 2 / D - ( c l / p B ~ ) ) z  also 
decreases, as d ~ ~ /  dpB = c l z / P g ~  > 0. We show finally that imports of indus- 
trial goods increase. Consider the domestic demand for industrial goods in 
the South: in this case this is I D  = rif. Since p g  decreases following the export 
expansion, the new equilibrium profits r are higher, by (~.23). Therefore 
industrial demand lD increases in the South. However, since factor endow- 
ments are constant, industrial supply IS has not 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 Yodel 
We present here a program in BASIC for solving the North-South model 

and the results of several computer runs that nurnerically reproduck com- 
parative statics propositions. These were produced by EduardeJose Chichilni- 
sky. 



Computer  Code Names  fo r  the Variables and Paramete rs  



Computer runs 

I DATA SET INITLAL PARAMETERS 

RUN 1 I ~ ( N )  = 6 . 0 0  

S o u t h  

North  

rD(s) = 4 . 0 0  

RUN 2 I ~ ( N )  = 7 . 0 0  

R o g r m  Listing in BASIC 

7 5  

6 

1000  INPUT "SOUTH:ALPHRBETGAl,A2?" ;MS,NS,Al,AZ 

1 0 1 0  INPUT "SOUTH:Cl,CZ,L*,K*?" ;Cl,CZ,LS,KS 

1 0 2 0  INPUT "NORTH:ALPHA,BETGAl,A2?" ;MN,NN,A3,A4 

1030  INPUT "NORTH:Cl,C2,L*,K+?" ;C3,C4,LSKN 

1 0 4 0  LF2:TEXT: CSIZE 1: LP RINT "PARAMETERS":Wl 

1 0 5 0  LPRINT "SOUTH:" ;M S ;"," ;NS -" . a " ;A1 ;" , " ;A2 

0 . 0 2 5  

9.7 

4 . 5  

2 

2.7  1 li::31 0 . 0 2  ) 0 . 0 1  1 3 

0 . 1 5  1 1.8  1 .7  0 . 5  1 2  



1 0 6 0  LPRINT TAB6 ;C1  ;"," ;C2  ;"," ; LS  ;" , " ;KS:LFl  

1 0 7 0  LPRINT "NORTH:" ;NN ;",",NN ;".",A3 ." , , " :A4 

1080 LPRINT TAB6 ; C 3  ;"," ;C4  ;"," ;L ;" , " ;KN:LFl 

1 0 9 0  INPUT "ID(S)?" ; I 1  

1100 INPUT "ID(N)?" ;12:LF2 

11 10 D S  = A1 *C2-A2*Cl:DN = A3*C4-A4*C3 

1115 I F  D S  = 0 THEN 1500: IF DN = 0 THEN 1500 

1120 AS = N S * A ~  *A2/(DSeDS):AN = NN*A3*A4/(DN*DN) 

1130 VS = MS*Cl*Cl/(DS*DS):VN = MN*C3*C3/(DN*DN) 

1150 CN = (l/(DN*DN)) *(DN*(C3*LA3*KN)+MN*C3*C4-NN*A3*A3) 

1160 J = CS*CN+Il+IZ:K = J*J+~*(VS+VN)*(AS+AN) 

1170 I F  K<O THEN GOT0 1500 

1265 LPRINT TAB 6 ; "PB = " ;PB:LF2 

1270 LPRINT "SOUTH:" ;TAB 10 ;"NORTH:"LFI 

1 2 7 2  LPRINT TAB16 :"WU:LF1 

1274 LPRINT WS ;TAB 18 ; WN:LF 1 

1280 LPRINT TAB15 ;"W/PB":LFl 



1290 LPRINT WS/PB ;TAB18 ;WN/PB:LFl 

1300 LPRINT TAT316 ;"R:LFl 

1310 LPRINTRS ;TAB18 ;RN:LFl 

1320 LPRINT TAT316 ;"L" ;LFI 

1340 LPRINT TAB 16 ; O K :  LF1 

1350 LPRINT K 1  ;TAB18 ;K2:LF1 

1360 LPRINT TAB 16 ;"BSH:LF1 

1380 LPRINT TAB16 ;"BDW:LF1 

1400 LPRINT TAB 16 ;"IS\LFl 

1420 LPRINT TAB16 ;"IDU:LF1 

1430 LPRINTI 1 ;TAB 18 ;12:LF2 

1440 LPRINT "XSB(S) = " ;XI: LFI 

1450 LPRINT "XDI(S) = " ;X2 

1500 LPRINT "DETERMINANT IS ZERO" 

1999 END 

Siznddion 01 Comparative Statics Results 
Runs 1 and 2 above reproduce numerically the results of Propositions 3, 

4, 5, and 6 of this appendix. and Propositions 1 and 3 of Chichilnisky (1981). 
The initial 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 
cZ/D < 2w/pB is satisfied in both runs of the South. The North has more 
abundant capital than the  South (@(N) = 9.7 while @(S) = 0.025. and R(N) = 12 
while X ( S )  = 2.7). The level of duality is much higher in the South, 
D(S) = 13.5, while in the  North D(N) = 3.13. 

In both runs. the industrial demand in the South I ~ ( s )  is equal to  4.00. In 
the first run, the industrial demand in the North is 6.00, and i t  is increased to  
7.00 in the second run. 



As proved in Proposition 3 of Chichilnisky (1981) and Proposition 4 of this 
appendix, th is increase in the value of ID(N) has the  following general equili- 
brium effects: Exports of basic goods in the South, xi. i n c r e a s e  from 0.9541 to 
1.806; the price of basics pg decreases from 3.252 to  1.721; wages in the South 
decrease from 0.7232 to 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 confirm also Proposition 1 of Chichilnisky (1981) and Proposi- 
tion 3 of this appendix, since changing exogenously t he  export volume X$ from 
0.9541 to  1.806, and leaving ID(N) to  be determined endogenously, leads to the 
same solutions of runs 1 and 2. Therefore, as proved in Proposition 1 of Chi- 
chilnisky (1981) when exports of the South i n c ~ e a s e ,  in a new equilibrium the 
price of basics, real wages and consumption of basics in t he  South all 
decrease. 

Finally, these runs il lustrate the results of Proposition 6 of this appendix: 
following an  exogenous i nc rease  in industrial demand  ID(^), t he  North's 
demand for basics i n c ~ e a s e s  as well, from 1.621 to  1.925. Thus, an  industrial 
expansion in the North (a higher ID(N)) leads i t  t o  consume more of both 
goods simultaneously. so that the North's welfare strictly increases. The 
South, instead, exports more basics, a t  lower prices, and consumes less basics 
a t  home. Real wages decrease in the South. Since I ~ ( s )  remains constant, the 
welfare of the South strictly decreases.  


