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A Model of Technology, Domestic Distribution,
and North-South Relations

GRACIELA CHICHILNISKY and SAM COLE

ABSTRACT

This article deseribes the macroeconomic model used o an ongaing sludy of techoology pulicies and
North-South relations. Crher aspects of the study have been described elsewhers [1, 2] We examine here the
rationale for the theorecical structuee vsed in e model, the detwls of the equations, and o computation of
solutions, To illustrate the dynamics of the madel, a brief discussion is also given of the prelimmnury results that
indicate critical relationships beracen domestic wechnology and income distribetions wul the North-Seuth tetms
of trade. The resolts are hased on a calibration of the mode] vsing data for Bl and the United Kingdum,

Introduction

Ume major factor in the world ceconomy at present is the growing importance, both
real and potential, of the economies of the South.” It is apparent, for instance, that
guvenments of the North increasingly take into account the effects of the coconomies of
thee Svuth un their own ceonomics. Furthermaore, relationships between Northern and
Southern economies are not only restricted to traditional variables of international trade.
In an increasingly mtegrated world economy, variables previously regarded as mostly in-
tlernul Lo the domestic cconomies are seen 1o be interacting across international borders.
For instance, inflation and employment levels and income distribution within countries
ol the North are affected by the patterns of developmenr in the South.

The relationship between the problems of income distribution and growth of rhe
North and of the South is a particularly complex one, For example, although cheaper
impants from the South may benefit the lewer-income consumers in the Narth through
lowering the prices of goods they consume, they may at the same lime hinder employvment
in the North, From the point of view of a country in the South. similar contradictory
effects arise. For cxample, although an cxport-led growth policy can be consistent with
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higher rates of GNP growth, it may also deteriorate the income distribution and diminish
in absolute as well as relative terms the welfare of the very poor. One way this latter
effect may come about is through the implied choice of products and of prices by pro-
ducers in 4 Southern country engaged in an expor-led growth path, Producers may in
these cases tend to regard the bulk of the local population more in terms of labor cost
than as consumers when making decisions about whal products to produce and their
prices. If their production is mostly for export, it may be in their interest to produce
luxury products and, if possible to pay lower wages in order to decrease costs, This may
be done without regard to the possible effect of such pohicies on their revenues, since a
relatively lower aggregate income of the wage eamers may nol. in certuin cases, nega-
tively affect demand for their products,

These issucs are the focus of the ongoing study of technology and North South
relations: this article deals with the present version of the economic model constructed to
study them, and with the results obtaimed so far. Future work is also indicated. The model
described here is one part of the study only; the whole uses a broader interdisciplinary
methodology, including sociopolitical scenario analysis, The experiments performed with
the model use it as an intermediary wal to project certain possible paths of cconomic
development of the world economy, thus contributing both tu the intemal consistency of
he scenario analysis and to disclose options left open to [uture North-South development.
Other aspects of the work have been described elsewhere |1, 2]

In the second section of this article (Main Features of Macroeconomic Model) we
discuss the main economic assumptions and relations of the macro model constructed by
Chichilnisky |3]. This builds on previous work of G. Chichilnisky in the Bariloche model
|4. 5]. Some of the features that distinguish this model from other models of the world
gconomy such as Bariloche |&]. Leonticl | 7], and Pestel-Mesarovic [B] | see also Refs, 8,
4] are: a simulation of interrelated market behavior, both domestic and international, for
the explanation of prices, quantities and types of goods produced and cxchanged; a high
level of aggregation of actors—North and South, high and low income groups in each
region; Lwo rypes of labor, skilled and nonskilled: and an explicit treatment of the relation-
ship hetween macrolevel technology coctficients with income distribution and with trade
patterns. Microlevel studies of technology (including certain casc studies) are to be exam-
ined in other parts of the model and are not reported here [1]. The third section (A
Domestic Feonomy) gives the equations describing the hasic model of a domestic
economy, The fourth section (International Production-Exchange Model) discusses the
international production-exchange model,

In the filth section {Technology, Tncome Distribution, and North-South Terms of
Trade) we give results based on runs that explore the properties of these relationships.
These runs are based on a preliminary calibration with Brazil and U.K. data. It is shown
that domestic income distributions and the availability and elasticity of supply of factors of
production (skilled and unskilled labor, and capital—in the case of labor, e.g., due to
internal migration patterns from rural 1o urban areas) interact with the domestic
technolugics in the determination of the terms of trade between the Morth and the South,
The results of the Tuns reported here contrast in certain cases with neoclassical trade
results [11]. Certain assumptions about the system of production and income distribution
patterns are shown to reinforce inequalities between Marth and South terms of trade.
These resulrs are reminiscent of theories of unequal exchange (e.g., Prebisch, Singer) that
were given in verbal terms, with an historical outlook. A discussion and updated versions
of such theories are found in Palma [12]. Under alternative conditions, however, the
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neoclassical results do obtain and increased trade improves the terms of trade. This
underlines the importance of domestic technologies and income distributions in the deter-
mination of North—South terms of trade and the distributions of wealth among these two
regions. Since the results show that under certain conditions imposed on those domestic
variables, more trade tends to equalize the terms by trade, whereas under other conditions,
to unequalize them, the model 1s capable ol explaining neoclassical and also less neoclas-
sical dynamics of the North—South trade and when each is likely 1w occur. Because of this,
it seems that global models that are designed to consider questions of Norih—South
economic relations ought to take into account the structures of markets {domestic and
intermational), the types of technologies, and the patterns of domestic income distributions
in the South and in the North, since different such structures would yield different results
and associated policy prescriptions.

The results also show that certain goals of the New Inlernational Economic Order
fe g, cqualization of the terms of trade) may be cntically related to other NIEG policy
prescriptions such as technology transfers and in ways that may be contradictory in certain
cases (e.g.. cerlan forms of transfer of technology policies may increase duality and
reinfarce a previous high elasticity of unskilled labor supply and thus may tend to deteri-
orate terms of trade). This suggests, then, a range of domestic policies (e.p.. hroad
choices of technologics in the different sectors) that may he consistent with improvement
of North—South wealth distribution. The results indicate thut trade and domestic dis-
tribution policies may be linked with cuch other in ways that require closer examination
than is usually given in the literature: Coordination of domestic income distribution and
technology pelicies with trade policies seeims necessary.

Main Features of Macroeconomic Model

As a member of a newer generation of models that attempt to analyze the functioning
of the world economy, our maodel tends to simplify and aggregate variables so as nol w
obscure the reasons for the results to obtain while retaining the main categories necessary
for the analysis. In addition, aware of the serious data restrictions and of the need for
better analytic tools to aid the analysis of complex issues, we attempt a more sophisticated
yet relatively more qualitative study of economic behavior of North-South developments
than is usual in existing models. The understanding of rends and patterns is the goal; preal
accumulation of figures is an important but sometimes limited vehicle [9]. We now
describe and give the rationale for the essential features of the model.

Most developing countries have mixed cconomics. To understand the workings of a
mixed economy and the endogenous reactions of marketls in response to shifts in a policy
variable, it is necessary o model the market pari of the economy. This 1s especially the
case for the study of technology as a tool of policy. Both domestic economies and the
international economy contain important market elements, For example, the short-run {or
temporary) changes in the volume of world imports and exports, and their prices, are
explained within the model through the interplay of intemnational supply and demand
patterns in a4 modified general equilibrium fashion. However, since markets are seldom
perfect, imperfections such as tariffs and other protectionist barriers as well as supply
constraints exist, and these can be introduced into the model, The domestic economies of
countrics in the North and in the South are modeled as mixed {partly planned, partly
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market) economics, although ar this stage many planning mechanisms have been omitted.
In the short run, resources (human and physical) are fixed. in the long run, for instance,
investment and population growth take place generating a path of temporary equilibria of
the world economy that moves into the future. One major modification of the usual
general equilibrium models is infroduced by the separation of the population into income
groups. We study two broad income groups within the population: one lower and one
higher. A third (middle) income group is added in some cases. These groups have, of
course, different characteristics in the North than in the South. They are modeled in each
case in rerms of their patterns of consumption, wages, employment, migration, imtial
resources, and so on. The economic output 15 accordingly scgrepated into three broad
categories: basic consumption goods, nonbasic or luxury conswmption goods, and capital
goods, By and large, most of the consumption of lower [ncome consumers consists of
hasic goods; higher income groups consume propartionally more luxury goods, Capital
goods are pridduced lor future production rather than for present consumption, a form of
savings of society. Workers are also segregated into two broad groups, the skilled and the
nonskilled. Similarly. the initial ownership of consumption and capital goods, land and
labor skills is different lor the two income groups. Low income groups tend to own more
unskilled labor, little land, and basic capital goods. Higher income groups tend 0o own
proportionally more skilled labor, land, and nonbasic capital. There are similar relative
differences between the two income groups of the North and those of the South, Our
choice of these categories of income and skill groups, capital and consumer goods. and
imtial endowments depended largely on the analytical purposes of the medel. Our choice
of a modified peneral equilibrium approach (relating demand and supply pattems) was
also influenced by the analytical purposes of the model, especially for the analysis of
technology, A brief explanation follows.

Technology can be described as the form of use and organization of natural resources
and different types of labor and capital in the production of poods and services of an
economy. [t affects supply. that is. the level of material output and its composition (i.e.,
the tvpes of goods and services actually produced). It also affects demand through its
clfects on levels of employment of labor and capital, wages und prolit levels, and also the
composition of labor force and wages. Therefore, technology is at the core of the domestic
supply —demand and investment patterns of economies, and of domestic income distribu-
tion and patterns of growth deseribed above. Similar arpuments apply at the international
tevel as illustrated above, The use of resources and the relative productivity of Jabor and
capital in different regions affects the international supply of goods, total levels of output,
and also its composition. Tt also affects international demand; the different levels of
employment of different types of [actors and their associated wages and profits in different
regions. Technology thus is also at the core of international supply—demand and invest-
ment patterns, and as such, it helps determine the distribution of the world's wealth.

However, when technolopy is modeled as a policy variable, several problems anse.
For example, a varigble so intertwined with the entire functioning of the economy may be
suspect as a policy variable. One reason is that if it affects most aspects of economic life,
it is also very affected by them, and it can be difficult to isolate it as an exogenous variable
amenable to changes. However, the experience of planning indicates that the difficulty in
isolating and affecting exogenous variables in desired ways is quite general. Muost plan-
ning exercises show a healthy resistance of the exogenous variables to behuve as such;
perhaps they are less exopgenous than we would like to consider them, However, this
resistance can itself be modeled, Rather than simply looking for *policy handles’” that are
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maore o less exogenous, medels where the endogenous respunse of the economy to
exogenous changes in the policy variables is studied seem o be in order,

A policy should work, theoretically, with the internal dynamics of the economy.
Thus a criterion for choosing a palicy variable may be given by our model of the economy
a5 well us by the vaniahle: the importance of the variable to alfeer the economy in the
desired ways, together with the understanding shed by the model of the endogenous
behavior of the economy in response to changes of the policy instrument, As a rule of
thumb, for example. one should be cautiows of policy variahles that tend o have a strong
self-comecting endogenous hehavior in response to policy changes. Hence, if one is to
study technology as a policy or even as an explanatory variable, it hecomes most impar-
tant to model in a satisfactory qualitative way the structure ol the relationships berween the
main varibles o be analyzed: distribution, employment, prowth, doemestic vutput and
trade, and market behaviorn

A Domestic Economy

We describe first the short-run behavior of a domestic economy, For simplicily, we
do not consider nondomestic variables such as imports or exports until the fifth section (on
trade}. The role of the government 18 not explicitly considercd here. bat 15 simulated inthe
runs as affecting demand and investment. Because this is a short-run model, wolal capital
stock and population are fixed, and the solutivns are determined up to investment demand
values, which contain forcign investment, Changes in investment in effect link one short-
run or temporary equilibriom with the next; at each point in time, this variable depends on
the temporary equilibrium values ol profits and growth of cutput. In the following discus-
siom, the high and low income groups are denoted H and £, respectively, The three types
of goods produced in the economy ure hasic goods (B), nonbasic goods (4), and invest-
ment goods (f). The price of goods 4, B, and [ are denoted P, Py, and Py, respectively.

LTILITY FUNCTIONS AND WELFARE

A utility function 15 an indicator of the welfare derived from different levels of
consumption. Ta simplify the analysis euch of the high and low income groups are
assumed here to consume basic and nonbasic goods in fixed proportions. Alternative
assumptions on elasticity of demand for basic and nonbasic goods will be made in future
waork. The utility function for group & is wrillen:

A = min (4, a8,
The utiliry function of group 7. is:
{. = min (b4, 8.

Since group H requires proportionately more nonbasic than basic goods, a = 1. Simi-
larly, b = 1 for the low-income group's utility. These equations say that if the high- and
low-income groups apportion their income used for consumption so as to consume basic
and nonbasic goods in the proportions a:1 and 1:5, then they will be maximizing their
welfare,

BUDGET EQUATIONS OF HIGH AND LOW INCOME GROUPS
The budget equations balance wealth of each group derived from the income from
employment and profit (or quasirent) on cupital goods owned {tozether with the value of
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any hasic and nonbasic goods already owned), with the expenditure of each group on
basic, nonbasic, and capital goods. We assume that the group H has initial endowments of
basic goods denoted Hy , nonbasic goods, A, an amount of investment goods, &y, and is
able w olfer a total amount of skilled labor, &, Let wydenote the wage of skilled workers.
Then, for each price level of the three types of goods (£, Py, P;) wages of skilled labor
{wy b user cost of capital (#F) and level of employment of skilled labor {E. H = .F:M1 the
total wealth of group H is given by:

PiHy V Pofly ~ rPH + woH. B

Group H demands a certain amount of investment poods that are exogenous for the time
being, denoted 7§ . The pattern of investment demand is described below in the dynamics
of the model. Given the pnices lor 4 and B, if x denotes the amount of good 8 demanded
by group A, the hudget cquation lor group A is then obtained (rom the maximization of
the wility Ly subject to the wealth constraint given by equaton (1):

Pox + Piav + P = PH, + PuHy + rPiH, ~ wyH * (2)

where rP, denotes rental rate or user cost of capital and r rate of profit or quasirent on
capital.

Similarly, group L owns initial amounts L, and £, of goods 4 and B, and a total
labar supply L. For each set of prices of each good £, , Py, P, wages of unskilled labor
wye und level of employvment level of unskilled labor A if ¥ 15 the demand for good
A of group L the budget cquation lor this group is:

Py + Poby + PP = Pl + Pulp + el + rLy, i3y

where #f is the demand for investment goods of the group £, assumed to be exogenously
given in a emporary equilibrium, analogously to £y, In equation (3) the amount of
investment goods owned and demunded by the low-income group can be quite small, A
limiting case is when £, and 77 are hoth zero,

The prices, employvment levels, and wages in equations (2) and (3) are determined in
the general equilibrium solution of the model. For the moment we are assuming that these
levels are not affected by institutional factors. In other cases considered, the wages of the
unskilled workers are institunonally related to the prices of the minimum consumption
basket of basic goods,

From equations (2} and (3) we see how prices allect demand for basic and nonbasic
poods A8, For instance, il group [ has a substantial endowment of basic poods, than an
increase in the price of basic goods may increase this group’s demand for goods, but only
if their wealth has increased proportionally more than the cost of the gonds produced. In
lact, just the opposite may occur if there is an increase in the price of basic goods if this
group has very small endowments to start with.

*The total quantity of good A demanded by the 5 geoup is assumed 10 be o times the physical quantity of &
demanded by this group.
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SHURT-RUN DEMAND FOR INVESTMENT &% 13 CONSUMITION GOODS

From budger equanions (2) and (3} we cun obtain the aggregate demand functions for
consumption and investment goods by both high- and low-income groups as dependent on
vrices, wages, and levels of employment, The total demand for A is:

A = ax -y, {4
and demand for Bis
RY — & + Ay, (5]

where x and v salisfy cquations (1) and (2). Total demand for investment goods s
exngenous in the remporary equilibrium, that is,

o =T, (6)

PRODUCTION OF GO0

The three types of poods are produced using as inputs labor of two rypes, skilled and
unskilled. and capital, The relationship belween output ol cach sood and inputs is given
by 4 production function, Tn this article we exhibil production equations lor the case of
nonsubstiturion between faclors. The case with substitution is in the fifth subsection
(Market [or Skilled and Unskilled Labor), the use of constanl elasticity of substitution
functions, is detailed for instance in [13], We assume hers that the production for 4
can be expressed by a xed coelficients production function of the usaal type:

A = min {L'. H'. h'}

veyp By ooy

where Ly denotes input ol unskilled labor, #, denotes inpur of skilled lahor, and K,

denaies input of capital tor the production of good A. The capital stock is assumed m

behave i a moditied “putty-clay™ way: if a certain capiral stock is allocated info nne

sector, it cannot be much moved at a later period to another sector. Most of the changes in
the relative capital stock among the sectors come rom oew investment.

The variables g, by oand o are the technical coefficients for the seceor of nonbasic or
luxury goods. This function implies that a given output 4 1% obtained most efficiently
when the inputs of unskilled and skilled lahor and capital are a4, 54, aod o4, respec-
tiviely.

Similarly, we have:

B = min LL—" '25 E) i8]
i f-"g '
t = min (1 s Ky )

ciy By oy

Even thoush these production Functions have lixed coefficients, these coefficients are only
assumed to bold constant Jor stnall variations of the input and output varables, For large
changes ol scale or technology, we should assume the production functions have different
coefficients,

The costs of production of goods we obtained from the dual cost equations associated
with the production {unctions (73, (83, und (9. Thus the cost of production varies linearly
with inputs of lahor and capital; the dual cost equations or 4, 8, and £ are:

By =am, — bwy + Py
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Py = agwy, + bowy + rl; (107
Po= dqwy + h;;'ﬂ.'ﬁ + rPrcy.
It can be shown that in this model the rate of profit of quasirent on capital is given by:

wy — 1
e ] = ;
Wiy — Wyl — Oy

The derivation of equation (16) from (10} is as follows:

From (10
Py = agw, + bow + ro, 2% B, (an
=t
Py = agwy, + bywy + re, S T attd i3 E'-""I""""; (12)
— e,
f, =GR, kW ' (13)

1 —rey

Under a suitable normalization ol prices, say, Fp = 1, the mate ol profit can then be
determined from (10) (in this case all other prices are given relative to that of B). If
Fy = 1, then

I = dyWy = hu'ﬂ-'” = J"P_,’f-'-_lp.

From (100 we derive

.l”j' e k= {ﬂu'rl-;! 1 bgw,«_.J,I f14}
fe

_ agwy + bawy (15)
1 — g

Denote wy = (agw, + bywy) and wy = (agny + bawgh
(= el — wa) = wyrce
| = rey — wa 4 Wareg = Walts
Fiwaey — €z — Wyrcg) = wa — |

Hence the rale of profit or quasirent on capital is given by

wae — |
A ) M e (16}
Waty — Wylz — 1y

It is, then, obvious that in this production system the rate of profit {or quasirent on capital)
is determined by the technology coefficients and the wages of both types of labar relative
to the price of goods for which a choice of numeraire is made.

Two alternative assumptions are made in the model about rates of profits. One is that
this rate is equal in different sectors of the economy. Another is that it varies across sectors
in an institutionally dependent way. This latter case is stimulated by modifying rate of
profit by exogenous factors as observed in the cconomies.
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MARKET FOR SKILLED AND UNSKILLED LADOR

We assume that the supply of skilled and unskilled labor is an increasing function of
the wages of the two groups and of the prices for consumption goods. For a modern
economy, this assumption is usually accepted; for a developing economy, this assumption
trics to simulate the effect that wage differentials have on migration and hence on totul
labor supply of the region. The suppdy of skilled lubor is:

HY = W (wy, PPy (171
and of nonskilled lahor, is;
L2 = L% (wy, Py, Pad, (18

with /= H and £° = £: that is, the effective labor lorce is 8 function of availahle
labor, wages, and prices. The eflcenive demgnd for labor is derived from the demand lor
goods through the equations of the production side considered in the fourth subsection
i Production of Goodsy and of the demand side, in the thind subsection (Short-Run Demand
for Tnvestment and Conswmption Goods) as tollows, For a given level of demand for
goods A% B” and " as in the third subsection, there is a corresponding demand for
unskilled labor from the production side (sec fourth subsection) satisfying the equation

A, + 8%y + P2, = 1" (1%
Similarly . the demund for goods produces a derived demand Tor skilled labor
Athy + B, 4+ Py = HY (20

The demand for labor of buth types depends on the demand for goods, on the wage
distribution and price levels, and on the rate of profit, since, as discussed in the thind
subsection, the demand functions 4", BY, and /* depend on those variables. In equilib-
rium, the elfective demand and supply of lahor are in balance. This gives another relation-
ship berween the following variables: prices, wages, employment, and outpur,

SUBSTITUTION BETWEEN SKILLED AND UNSKILLED WORKERS

In the preceding description of the labor market as well as in the production side, we
assumed that there was no substitution between skilled workers and unskilled workers.
This was done in part to simplify the study of employment and macrolevel pattemns,
considering a labor market that is a limiting case of labor markets with low clasticities of
substitution. In addition, given our interest in the effects of technology on the economy, it
Makes sensc nocertain cases (o separate the contributions of skilled and nonskilled work-
ers in the production function. One can thus alternatively (or simultaneously) study the
effects of changes in the parameter a, by, which measure scparately the contributions to
the production of goods of the two groups of people. In many technologies that are capital
intensive [i.e., a, small and ¢, large in eguation (9], managerial inputs may be very
important, In such a case, a, may be a constant, with no substitution between skilled and
unskilled labor allowed. For exumple, consider In the investment goods scotor the con-
struction of a large irrigation project. Capital plant requires skilled operatives, and even if
this is reduced to a minimum, a comesponding increase in employment of manual {ie.,
unskilled) labor will increase the demand for managerial (ie,, skilled) workers, Thus in
equation (9), il ¢y is increased (capital equipment reduced) and g, decreased. by will
adjust according to the changed requirements for skilled operatives and managers.
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However, in certain cases it may be realistic andf/or desirable to accept a certain
amount of substitution between skilled and nonskilled waorkers. The analysis of the pro-
duction side and of the labor market must change accordingly. Alternative production
functions of the CES type will be studied in future work. Here we only discuss substitution
of the two lahor types very briefly. Let{ denote labor of both types: Equations (7}, (8}, and
(9 now become:

—H ‘E)- 1
4 mm{wﬂ'ﬁ : i1
8 = min 'z K2}, ®"

i
£ (ﬂﬁj (9
iy €

where the parameters ; are some weighted averages of the a; and b, values of equations
(7). (%), und {9). Similarly, equations (17) and {18) now would be replaced by a function
that gives total labor from the two labor types according to a production function with a
high clasticity of substitution.

[ =1k L) (21)
Equation (21} will have a dual cost equation that can be written as:
G = wee, + Weey, (22)

in which e, and e, are respectively the labor input ratios L4 and HI

In the model we now must find first an equilibrium (in the labor market) employment
level for workers of both types /% and aggregate wage level w} and then the corresponding
amount of labor of both types and wages of both types, wi, wi, L* and H*,

The equilibrium {in the labar market) level of employment of both types of workers is
obtained from equating demand /” and supply /*, where

"= A", + B, + {"d, (23)

is derived from (7', (8') and (9'), and from the supply of labor equation (213, where H
and £ will in general depend on prices and wages. From [* and w{f we then derive the
wages and the employment levels of both groups of workers in equilibrium, This is done
as follows. The supply side of the labor market equation (H.L) can be thought of as
**producing’” total labor using as inputs two types of labor i and L with a certain elasticity
of substitution. For a given output of labor at wage w,, the optimal combination of
workers of both types H* and L* with their wages w and w is one that maximizes

WH. Lyw, — Hwy — Lw,.

Hence for a given amount of labor /¥ and average wage level wf, the choice of /f* and L*
and wif and wf must satisfy the relations

C
Wi oo = Wit (24)
widL = g, (23)

ar#
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WEH 4+ wiLE = [k, (26}

Equations (24), (25), and (26) can only determine three unknowns. Hence we must fix one
wage level given, for instance, by institutional or political factors and then find the others
relative to this one, For instance, one can choose the wage of the unskilled wk (o be
cxogenaus. In other words, given {* and wi we can only determine the relative wage
level of skilled and unskilled workers and their absolute employment levels, We note
that if ane of the prices of goods, say, Py, was already normalized, this would imply that
the wage of the unskilled is pegged to the price of the basic good, This my in fact he
true in economies where minimum wage laws exist. However, as can be seen from the
ninth subsection of this section (Temporary General Equilibrium of a Domestic
Economy}, it is not necessary for obtaining a solution of the general equilibrium system to
assume that any of the poods prices is equal to one. In that case, from the production-side
equations (7'), ('), and (9"} and from the four demand equations of goods, we obtain a
system of four equations in the unknowns x, v, w,, and L. These four equations will in
general admit a solution v ¥, v*, w¥ and L* which is then used with the procedure outlined
in equations (243, (25), and (26) to determine the equilibrium values wi, H% and L%
which are piven relative to w, .

THE CAPITAL MARKLET

We assume at this point that there is an exogenously given initial supply of capital
stock. Together with the supply of investment goods produced in equilibrium. this should
equal the demand for capital coming from the production side of the demand of all goods:
in other words,

He + Ly =K+ Ko + Ky = A% + B, + e, (27

Equation (27) requires a certain consistency between the exogenously determined /* and
the exogenously given cupital stock, The variables Hy and 1, wete already given exagen-
ously in the budget equations(2) and (3), There is an initial exogenously determined
demnand for investment goods

2 =g (27a)
An equilibrium in the market of investment goods will then be given by the equation

P

= Mmin

Ly, Hy, o)

iy
HRE L R ¥

SHORT-RUN EQUILIBRIA IN MARKET OF GOODS

By definition, when the system described for the domestic economy is in equilib-
rium, supply and demand for each good are equal. In order to pose the cquilibrium
cguations we equate the demand for goods given in equations (4}, (5), and (6) with the
supply of goods, given by the sum of the amounts of the production-side cquations (7),
(8}, and (9}, the initial endowments of goods A, B, and J.



Alw GRACIELA CHICHILNISKY AND SAM COLE

A* = min ( LJ, ﬂ. Ky y+Hy + Ly (28}
ay bt

p=mn(ls & Ky,pg 4, 29)
az by o

F = min (L—“, ‘ﬁ, ‘ﬁ] +H + Ly (30
a; by ooy

In the present solutions of the model, the H, , Hy, L, , and L are assumed to be equal
[ 7ero.

TEMPORARY GENERAL EQUILIBRIUM OF A DOMESTIC ECONOMY

The model can be decomposed intw four main subsystems, as indicated in the Intro-
duction section, These are: the demand side, the production side, the labor market, and the
capital market. These four subsystems are all interrelated. There is a set of initial condi-
tions: endowments of goods and capital stock, population in the two income groups and
production relations, the technical coefficients «;, f, and ¢,, and exogenous demand for
investment goods, The system of equations given in the Introduction will then determine
the following endogenous equilibrium values (indexed with an asterisk):

a. Amounts of goods of each type produced A% B% and 1%

b. Prices of these goods, PF. FF, and 7,

c. Employment of both types of labor, #* and L* and wages of both types of labor
Wy and W) .

d. Consumption of each good by each income group.x®, ac®, ¥, and by®.
Rate of profit r* (or quasirent of capital).

F. Amounts of capital and labor of both types used in each sector;
L LELEHY HYHEH: and K5 K3 K2

From these variables one determines two vectors that describe the main economic charac-
teristics of each group in equilibrium:

o L5 W SR B L 4 I PR PR BY)
(H*, Wa, x* ax* H, + 1§, PF. P

The welfare of group L can be measured by the utility of present consumption plus the
value of investment goods owned (as a proxy of possible futre consumption)

Uy = (v% by*) + r*PMLy + 175
and that of group i by

Uy = (ax® x*) + r*PEHy + 15,
The wealth of group L at equilibriam is:

W, = P,Y* + by*Py + r*PP(H, + 1T
and that of group H

Wy = Puax® + x*Py — r* = PHHy + 17*).
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These definitions allow us to compute welfare and wealth distributions, at the equilibriom,
and their changes, for instunce, as the technology parameters change.

The equilibrium values Listed in (a) through (d) above are not independent of cach
other. We now choose a subset of independent variables within this set of variables. of
which all others are functionally dependent. In the following we prove that such a set can
be made up of the seven variables below;

ov By Pyl Py, vy
We normalize the prices of goods setting B as the numeraire, that is, py = 1. All other
prices are then given relative to the price of the basic zood 8. Hence we are left with six
variables lo determine:

F F_.| B IO 1 TN LT

We now check how (o obtain all other equilibrium values from those in the list above.
Given the equilibrium values o and v*. the cquilibrium amounts of goods 4% B% and 7+
produced are given by

A* =ax + v
B¥ =1 + by {31
=,

The third term is ussumed to be exogenously given. The rute (or rates) of profit is (are)
then determined by the technical coeflicients, and wy and wy as in equation (16) and
discussed in the sixth subsection (Substitution between Skilled and Unskilled Workers).
Employment of both types of labor is determined from the preceding variables as follows.
Griven 4% B*® and f* the demand eguations for both types of labor are (19 and (20),
The supply cquations are determined in (17 and (18). as funclions of the wages und
prices, which are already known. The unskilled labor is finally divided into the three
seclors by

L, = A%,
L, = RBa, (32)
Ly = Fay

Similarly, we determine the share of the skilled labor in the three sectors, 5. H,, and H,
and the shate of capital stock in these sectors K. K. and K, from equation {21} and the
three production functions,

COMPUTING SOLUTIONS OF SHORT-RUN EQUILIBRIUM MODEL

From equations (100 and { 16) of the production side we obtain all prices and the rate
of profit as a function of wages and technical coefficients. We now return to equations (2)
through (6), that is, the two budget equations (2) and (3) and the corresponding demands
ford, 8, and . We replace all prices and rate of profits in these equations as functions ol
wages obtained as derived above from (10) and (16) and as discussed in the seventh
subsection (The Capital Market). We are then left with five equations in the unknowns x,
¥, wy, and A and L. However, according to Walras™s law, out of these live equations only
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four are linearly independent. This is easy to check, From these four are obtained the
equilibrium values of the four variables £*, v*, wj, and w® us functions of the unknown
H* and L* wi and w# determine r*; wi and w® pive us in turn the prices in equilibnum
ri, and p* from (10), as functions of the unknown H* and L* as in (25} above, since x*
and ¥* are functions of H* and L.*

We now look at supply-equal-demand equations in the labor market for both un-
skilled and skilled labor. We have obtained PF. P, w®, and wii as functions of A% and
L* Together with the two equations, supply cqual demand for lubor of both types.

(17) = (20);
(18) = (19,

We can then solve the equilibrium values of the variables # and /. denoted by H* and L*
We then determine the values x*, v*, PF, P#owe, and wi, From £* and (19) we obtain
¥ L¥ and L%, From H* and (20) we obtaid HY, Hf, and HY.

From the equilibrium values of the six variables x% »% pf. pff, W7, and wi we can,
as noted in the eighth subsection (Short-Fun thiiibria in Market of Goods), oblain the
equilibrium values of all the other variables,

To determine the six equilibrium values of the above variables, we need six indepen-
dent cquations. These are the budget equations (2) and (3), the equation for supply equal
demand for goods 4 and B,

AV =dor {4y =(T) + Hy + L,
(33
BY =B or(3) = (8 +Hy + L.

The equation for supply equal demand for good 7 is dependent on the above and the two
equations for supply equal demand in the two labor markets,

H = B or (17) = (20},
(34)
I"=Lior{18) = (19).

The procedure outlined here does not prove the existence of a solution. It is rather a
skerch of a method for computing a solution, if one exists. In general, the existence of a
solution, that is, a zero of a set of simultaneous nonlinear equarions as the ones that we
have here [equations (2), (3), (4), (34)] requires special conditions, such as rESIricTions on
the boundary behavior of the dynamic system generated by the equations on their state
space. Leaving the existence problem aside, the computarion of the solution can be carried
by a computer routine that attempts to find a minimum of 4 positive real-valued function
on the six variables, obtained by summing the square of the difference of the right-hand
side and the left-hand side of the above equations for each value of the six variables. In
effect, the program used, described by Clark. Cole and Lucus [1]. solved the madel by
a simpler method of suceessive approximations.

The short-run equilibrium model described above 1s graphically described in Fig. 1.

DYMNAMICS OF A DOMESTIC ECONOMY
We now describe the dynamics of the domestic economy (Fig. 2. In the short-run
seneral equilibrium model presented above it is assumed that the demand for investment
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goods 17 is exogenously given. This is mainly a short-term assumption that allows us o
“elose the model.”" As pointed out, for instance by Sen [14] and Bacha and Taylor [15],
1t is very rarely the case that a model can specify equilibrium values of hoth the employ-
ment and wage levels as well as the investment level at a point in time. without the model
being overdetermined. In a sense, the investment demand is what ““drives’ the economy
from one period of equilibrium to the next. When we assume that it is exogenously given,
we are assuming that it is determined by factors exogenous to the model, such as the past
history of the economy (profit rates, income levels, etc.).

METHOD OF CALCULATION

Given an historically determined investment demand FP, we obtain in lurn a level of
employment, a rate of interest, prices, and wages in equilibrium of the eConamy. S0 we
have the two elements that will enter into the next period determination of the investment
demand, the aggrepale income and profits. If £% is a vector describing a *‘temporary
equilibrium’™” of the economy at time ¢, then B* is a function of the historically given [P
and is given itself as a sector of the relevant variables, In other words,

B = ExIM

As we discussed abave, £ can be described completely by a sector of output of hoth types
of goods, wages, rate of profit, prices, and employment levels at time ¢

EE = AR BE, w0, w0, HEG, L), r=i),

From the vector E#{r} we can obtain the demand of investment /(1) to be used in the nexi
period. For instance:

9y = dlra(r), y*in)

where y*(1) is national income at time ¢, obtained from the components of the vectar E*(1)
{wages, employment levels, levels of cutputs of goods).

Hence at time ¢ + 1 we have 4 new “‘exogenously given'' demand for investment
"(r). Using this value, we turn to determine the new equilibium of the economy given by
autput of goods, profit rate, prices, wages, and employment levels at time s + |,

Ex + 1y = E=(/"(1)), where
E5r 4+ 1) = A% + 1), B*ir + 1),
witis + 1), wiHe + 1),
H*r + 13 L* + 1, e + 1),
Hence we generate, from the imitial I, a sequence of temporary equilibria of the economy
ERI EF O s s BRI N s
where I is given, and

=T E% )
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This sequence of temporary equilibria is obtained from simulation technigues, it repre-
sents a dynamic development of the economy of the region. The time sequence can be
reprosented as

[P Ef = [0 Ef = [P EF s

This simulation process can then be used w trace mediom and long-lenn effects of
changes in the technical parameters on the dynamic path of the variables in the economy.
For instance, from a change in technology at time ¢, one can simulate the present and
future effects on employment, wages, prolit, and welfure levels of high and low income
groups through time within, say. a 20-vear horizon,

International Production-Exchange Model

The international model considers at the present two regions, the *"“North™ and the
“HZouth." These regions do not comespond to the whole of the Narth economy or the
whole of the South cconomy. For example, depending on the parameter values (and the
form of the detailed functional relationships), the two regions are taken o represent a
chosen region and its economic trading environment. In further work further disaggre-
aation of the intemational market will be performed.

The two regions exchange in @ market fashion three 1vpes of goods, hasic and
nonbasic goods, and capital goods. Trade is modeled by a gencral equilibrium
production-exchange model of the world economy in the short run. Murket imperfectinns
such as tariffs and exchange rates exogenously given are also simulated. The short-run
equilibrium is determined up to financial flows, The model thus explains endogenously
imports and exports of all goods and their prices in the short cun, It may also explain the
Mowe of foreign exchange that are in turn used by each region to determine exchange rates.
With a correction for exchange rates and for imperfections within the regions, the prices of
all goods are assumed to be basically the same throughout the world economy, given by
the solution of the model, However, wages and profit rate in cach region will be different
since they are tied up to (or determined by) domestic technologies, distribution of income,
and supply ol fuctors und resources.

We now explain here how the international market behavior is simulated in the
madel, In the first place, we calibrate the data of the model of cach cconomy. North and
South, so that exogenously given data or imports and exports of goods at the initial period
are incorparated, Next, we assume there is a change in pupulation and also in investment?

“These are W be computed as o function of past ncome and profit ditferentals in the regons Cas proxes fol
expectations). They are o be psed, in oem, oo compute the next temporary equiliboum of e world economy
much in the same way that investment demand links one short run equilibrium of the dome stic econamy 1o the
next.

Fig. 1, Short run equilibrium model of a domestic economy. Note thal since this 1s a general equilibrinm
model, in Fact, all variables affect each other, so that the arrows do not necessarily indicate cansality and
shonld be thought of as indication of a relationship. The choice in the direction of the arrow was made 50
as 1o give a plausible interpretation of the chain of relations in the madel. The investment variable is
outside the circled region because it relutes more Lo the dynamics than to the short run equilibeium of the
model. Investment demand helps connect one short run equilibrium with the next. Even though at each
point in time investment depends on total income and functional income distribution of the last perind,
this ix not indicated for simplicity. Similarly exports and imports are outside the large circle because even
though they affect domestic demand they relate more to the international market.
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in each region according (o seenario guidelines, and depending on pust and present growth
and profits. With the change in investment and population in each region, the new
temporary equilibra of the domestic cconomies of the North and the South are recom-
puted, yielding new domestic levels of employments, outputs of all the goods, profits and
prices. The prices of the North and the South of each good in this new temporary
equilibrium are then compared. The program is geared to proceed as follows. If a good
(say, the basic good A) is produced at a lower price (after tariffs), according to domestic
prices in the temporary equilibrium of the South, then an increase of exports from the
South to the North oceurs. This procedure is simulated in cach market (exvept for Jabor
markets). After the increased exchange is simulated, the program recomputes the domes-
tic temporury equilibrium in each region. In this way, a nonequilibrium trade pattern is
simulated. The adjustments of imports and exports made for euch good, and reproduce to
an extent current patterns of trade variation. They are not to exceed, after & number of
iterations, the average changes in trade over changes in prices of the actual international
market of these goods. Figure 3 illustrates this process,

Preliminary Calibration and Results from the Present Model Structure: Technology,
Income Distribution, and North-South Terms of Trade

We now discuss an experiment with the model based on a preliminary calibration
using data from Brazil (for the Southern region) and the United Kingdom {fur the Northern
region). Other sensitivity fests are desceribed by Clark, Cole und Lucas | 1], The data for
Brazil was based on Lysy and Taylor [13]. The U K. data were obtained from the follow-
ing snurces: Her Majesty s Stationary Office [16] and the Central Statistical Office [17].
For details of the calibration ol the two regions, the computation of solutions, and the
programming ol the trade sector, see Clark, Cole and Lucas [1]. After a classification
(necessarily arbitrary Lo an extent) is made of workers ineo skilled and nonskilled and of
goods into basic, nonbasic, or luxury and capital goads. Table 1 is composed, which has
to be interpreted as describing more of a qualitative comparison between the two econo-
mies rather than accurate figures. The data from Table 1 enable calculation of the tech-
nical coefficients a;, &, and ¢; of the model. The variables g; and &; are measured in
waorkers per £ 1000 output, and ¢ is dimensionless. The resulting Table 2 of coeffi-
cients is also in many respects arbitrary but sufficient for the preliminary testing of the
model,

Table 3 compares two runs for the temporary equilibrium (i.e., nondynamic) model,
The runs are identical except for a change in the level of investment demand assumed for
the Northern region. It may be seen that this leads (o an increase in volumes of trade and a
lowering of the price of basic goods relative to luxury and investment goods,

The results of Table 3 can be explained as follows. The production of basic, luxury,
and capital poods of the North and of the South have different factor intensities as
indicated in the technological coefficients in Table 2. For example, basic goods are
produced in the North in a relatively more capital intensive fashion, both with respect to
the South’s production of basic goods and with respect to luxury and capital goods in the
North. This is seen by comparing a,, by, and ¢, in Table 2, In addition, the supply of
factors of production (capital and labor) is different in cach region. For example, supply of
unskilled labor is quite price inelastic in the South and relatively more price inelastic in the
North, since unskilled labor can be quite abundant in the South and since, in addition, for
small increases in wages migration from rural 10 urban areas increases,
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TABLE 1
Production Sectors for the South and the North

Morth (ULK.)
Skilled Linskilied
Workers Workers Clutput Capitul Stock
Seclurs (Thousands)  (Thousands) (1968 LM} (1965 £
Rasic gnods 3786 2,067 E, 44 24 466
Monbusic goods Q467 3RS 21,0610 44 E5l
Capital gonds jald L, 456 BT 17,123
Totals 16,867 7,934 37,457 Hh K0
South (Brazil)
Skilled Unskilled
Workers Workers Cutput Capital Stock
Sectors (Thouzands)  (Thousandsy {1958 CSM) (1939 C3M)
Busie woods 47 15,380 917 1,142
Monbusic eeods Ll 5,794 51K |73
Capital goods 7 3,945 284 738
Tatals 235 25159 1724 2,933

In the rrade model each region was initially calibrated so as to be in a temporary
equilibrivm with exogenously given trade patterns. This yielded a composition of the
output and prices for each good. With initial changes in investment and population the
South was found to produce basic goods cheaper than the North, where the new temporary
equilibrium was computed. An increase of exports from the South to the North of basic
gonds should then oceur, according to the prescribed market mechanism. Under the new
trade conditions, the temporary equilibria of the North and of the South were recomputed,
In a neoclassical framework, an increase of trade would tend to egualize the prices of the
goods that the South produces more cheaply than does the North, This would oceur
because by increasing cxports of the good that is its relative advantage, the South would
tend to drive up the prices of inputs and thereby increase costs and prices relative to the
prior situation, However, the model showed in this run, and with relative stability, that the
dynamics of trade can have just the opposite result. More exports of the basic goods, the
relative advantage of the South because of labor availability, lower the prices of those
goods, and, effectively, tend to deteriorate the terms of trade af the South with respect to
the North.
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TABRLE 2
Technical Coefficients and Other Parameters of the Model
Puraumeter Morth South
i Unskilled labor: outpul for non-busic goods {155 12.3%
tha Unskilled Labor: cutput for basic goods 0.306 15.27
iy Unskilled Labon outpul for capitul goods 0.185 15,60
by Skilled labor: outpaet for no-basic goods 0,448 0.2371
1y Skilled labor: output for basic goods 0.459 ().430
b Skilled labor: output for capital poods 0,448 03031
&) Capital: outpul ratios for non-basic guods 3025 2.292
'y Capiral: output ratics for basic goods 3448 1.134
iy Capital: output ranos for capital goods 5,445 24984
i Lititity function parameter of high-income group 14 | .6EL
b Litility function parameter of low-income grop (.3 159350
Luparithm of clasticity of labor supply depending on
real waees for skilled workers 23,872 647 442
g Logarithun of elasticay of Jabor supply depending on
real wages of skilled workers . 13,038 749
I Investment of high-meome group T2L5 2581
1 [nvestment of low-income group a2 238
i Tmmitnal endowment of capitul of lw-income group 13,450 268,
Hy  Intial endownent of capital of high-income group 121,050 2,684

The examination of the data shows how this effect comes about. Increased expuorts
ol basic goods increases demand for unskilled labor and capital in the South. Even
though these goods are produced in quite a labor-intensive way, the supply elasticity
of factors is such that with increased cxports the wage’s increases are minimal. while
the capital costs increase relatively further, This has no major effect on the costs of basic
goods, but, in a general equilibrium fashion, it tends to increase relatively further the
costs of luxury and capital goods, which are more capital intensive, in the South. One
could expect, however, that if demand of hasic goods increases due o inereased employ-
ment, then these effects on relative prices in the South could be somewhat checked. The
new income distribution with increased exports, however, docs not bring aboul such a
compensating demand effect. The mirror effect occurs in the North, where basic goods are
relatively more capital intensive and lahor supply less elastic. As noted in the Introduction
section, many market and nonmarket mechanisms are not yet accounted for in the present
moidel, These results are preliminary and are presented as such; it 15 evident also that the
results overestimate the sensitivity of shifts in some varables relative to others. For
example, volumes of trade are very sensitive to small shifts in prices. A major reason for
this is that in the present model aff goods produced are considered tradeable when in fact
potentially tradeable goods are in the main only a small proportion of those produced,
Furthermore, the present assumptions about maobility of capital stock between sectors
within each region exaggerate the homogeneity of capital, Similarly, the form of labor
supply taken over-estimates the elasticity of the supply of factors to shifts in the real
wage rate. Several modifications ol the model structure are, therefore, indicated, Thus
the results should only be taken to indicate tendencies arising from the current structure
and the present calibration. Nevertheless, they tend 1o support arguments about the im-
portance of underlying inhomeogeneities of production and consumption within the econo-
mies of the Morth and South and indicate the necessity of providing a more sarisfacrory
treatrment than that contained in existing models. Further developments of the model will
be reported subsequently.



34

MODEL OF TECHNOLOGY AND NORTH-SOUTH RELATIONS

SIE LELs FRIETR LT o L1 NERE -
FEIEN | Al LEIE N Eoee #he R OAF
Til’l EE R e Lo A 4 LT
“Anl sl PR b | aane i ATy R dih 0o
Iyl PECT EETTn eI '
jzadr s un RIE 1Y PANES [0 pagiaan | magpenng s
WRITNG] esEr sy ealngy ssw cpeleg S
L] T 1T R TIIETE SR RN Ey |
ELR e |

. . [E ]
- 4% Al tHH HITREE ion
R L HIREA Ayl
LRI TRESHET ol
sUEnEaan
parsEamn
v i LOAIR b - g 1T YUk e uny
gl-GH 1 (% Lik 1%’} Yimerg:
BRI s it i AL
ury
HI s — 1908 YL AL yUoN pIRpURIG
) ¥ o L¥: i
an Ay Jaang] TR HDRINE sponn
LR |RUnlEL A ey au%Rg o
W R | Fala] ~L:Tlik| BT e wfing (] gy
i nding |*m1g
LILA R

£ ITHV.L




20 GRACIELA CHICHILNISKY AND 5AM COLE

References

I, Clark, J., Cole 5., und Lucas H., Calibration and Sclutions of a Model on Technology and North-Snuth
RBelanons. Joumal of Applied Mathematical Modelling, 1o be published 1979,

2, Cole, 5 and Chichilmsky, G., Madelling with Scepanies: Techoology and Norh - South Development
Altermatives, Futeres, June 1978, See also Progress Report: Techaology, Domestic Distribution and
Maorth-South Belations, United Nations Tnstitore for Training and Rescarch, New Yaork, Seprember 1474,

%, Chichilnisky, G, Terms of Trade and Damestic Tisiribucion; Expon-Led Growth with Abundant Labor,
Development Discussion Paper, Harvard Institute for International Development Moo 41, July 1978 Ta
he published in the Journal of Develnpment Economics in 1980, see also Chichilnisky G. und Cole 5,
Geoowth ot the Morth and Growth of the South with Expom-Led Policies, Discussion Paper, Harvard In
stiture tor International Development. No. 44 September 1978,

. Chichilnisky, €i.. Development Patterns and the International Onder, frternat, Affuirs, March 1978,

3, Chichilnisky, 0., Economic Development and Elficiency Crileria in the Satisfaction of Basic Needs, Appl.
Math, Madel., September 1977

6. Herreru, AL, Calastrophe of New Svciere: A Lanin American World Model, Intermational Development
HFesearch Center, Ctewa, Canada, 1976,

7. Canter, A, The Fuiwre of the World Economy, United Nations Otfice of Economic and Social Affairs,
Mew York. 1976,

B Pestel, B, and Mesorovic, M., Mankied ar the Turning Poine, Seader's Digest/Dutton Press, Mew York,
1974,

Q. Cule, 8., Global Models and the New Interngtional Ecoromic Order, Pergamon Press, Mew York, 1977,

10, Cole, 5., Modelling the Intematienal Onder, Appd. Marh, Model, . Augost T9T8

1L Mumdell, B A, Internotionad Feonomees, MacMillan, New Yark, 1965,

12, Palma, G. “"Dependency: A formal theory of underdevelopmen or o Methodalogy far the Analysis of
Concrete Sitvations of underdevelopment ™ World Development, 1978

13, Tavlor, L. and Lysy, F_, A Computable Gieneral Equilibrium Maodel for Brazil, working papers, The World
Bank, 1976,

4, Sen, A, K., Neo-Classical and Meo-Keyaesian Thenrics on Distribotion, oo, fec., 1963,

15, Bacha, E. and Taylor, [, An Unequalizing Spiral: A first Model of Belinda, Cuarr, /. Econ., 1976,

16 Her Majesty’s Stationery Office, London, Social Trends, 1971

17.  Central Statistecal Office, London, Aamuat Abstracts of Stasisics, 1975

Revetved 25 Morch 1975 revived 1 June TOFS



