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I. Introduction

Most developing countries engage in planning exercises because
they wish to explore the iﬁplications for growth and structural change
of alternative policies with respect to international trade and domestic
resource allocation. In addition)theré has recentlﬁ been a growing
concern about the impact of alternative development strategies on the
distribution of income and especially on the alleviation of poverty.
This paper presents a planning model whose primary focus is to
simulate the impact of alternative trade strategies on industrialization
and the distribution of income. The model is thus designed for the
large number of relatively opén developing economies for whom trade
strategy and commercial policy are major issues in economic planﬁing.
It will be implemented with Colombian data to explore and quantify
the effects of alternative trade and development strategies on the
functional and size distributions of income. A static version will
be used to examine the impact of trade strategies and commercial policy
on the equilibriumrstructure of the economy while a dynamic version
will explore the growth path of the economy under alternative trade
strategies.

The model is in the tradition of wage and price endogenous
computable general equilibrium (CGE) models. It incorporates both the
factor and size distributions of income. In its treatment of income
distribution, the model closely follows the work of Adelman and
Robinson (1976). It also introduces a new specification of inter-

national trade that attempts to bridge the gap between standard



international trade theory and the usual treatment of foréign trade
‘in multi-sector planning models. The approach is more general than the
usual specification of trade in empirical general equilibrium models.l
Indeed, the standard ways of incorporating trade may be viewed as special
cagses of the treatment offered here. By taking advantage of the great
flexibility inherent in the CGE approaéh, the model-directly incorporates
the degree of substitutability in use between domestically produced and
imported goods. The model thus explicitly incorporates product dif-
ferentiation within sectors between imported and dpmestically produced
goods.

The next section relates our specification of trade to that
found in preﬁious plénning m;dels and lays the groundwork for the sub-
sequent presentation of the equation system. This presentation is followed
by a discussion of the dynamic linkages to be incorporated in the growth

model.
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IT. Foreign Trade in Multi-Sector Development Planning Models

The pure theory of international trade arouand which multi-
sector trade-oriented planning models are built is based on a set of
simplifying assumptions found in the Ricardian and Hecksher—Ohlin
(H-0) models of trade. Among other assumptions, the H~0 model assumes
that factors of production are freely mobile within a country and that
they are allocated in such a way that the value of a given factor's
marginal product is the same in all industries. Thus the resulting concept
of comparative advantage refers to the long-run under an optimal factor
allocation pattern. Moreover, the H-0 theory assumes constant‘returns
to scale in producticn which implies that marginal cost is independent
of output levels. If, in addition, the country does not affect the terms
at which it trades internationally, specialization along lines suggested
by comparative advantage will take place when relative prices are varied
through commercial policy. Although the gains from specialization are
an integral part of any discussion of the gains from trade, there is
ample empirical evidence thatthe extent of specialization due to a change
in relative prices is limited? To the extent that one finds the
fundamental Assumptions underlying trade theory to be empiricaliy
reasonable, it is desirable in empirical work to formulate general
equilibrium trade models in the spirit of that theory. However, a
sefious'problem is to specify theoretically adequate models which do not
display "excessive" dégrees of specialization empirically.

The empirical formulation of trade models has proven to be a

difficult task in a multi-sector framework for at least three reasons.



First, because the number of factors of production empirically observable
“ig limited, a country model with fixed international terms of tradg
{often refefred to as the small country assumption) will specialize
and produce a limited number of goods. This difficulty in meodelling a
small country facing fixed terms of trade with more commodities than
factors of production has often been discussed in ﬁhg literature on the
factor price equalization theorem.

Second, the pure theory of trade upon which applied general
equilibrium trade models are based does not take into account the fact
that price differentials for the "same" product are commonly observed
when products are diétinguished by countrylof origin. The fact that
price differentials are obseéved even for very fine commodity classi-
fications suggests that product differentiation is accounting fof the
observed two-way trade. Thus, at one extreme, many traditional multi-
sector trade models follow the pure theory of intermational trade and
maintain the assumption that domestically produced and foreign goods have
an infinite elasticity of substitution. In effect, they are the same
good and two-way trade is ruled out.4 At the other extreme, development
planning models in the structuralist and two-gap traditions emphasize
the lack of substitution possibilities both among factors of production
and between domestic and imported goods. They view the development process
as a succession of structural disequilibria reflected in domestic bottle-
necks arising from the limited ability of developing countries to sub-—
stitute domestic for imported inputs. They assume that domestic and

imported inputs are perfect complements in production and have to be



used in fixed proportioms.

Third, multi-sector trade models in the programming tradition
have generally mot been very successful in examining the effects of tariff
protection and price subsidies on resource allocation because of the
well-known problems of including constraints on shadow prices in the
primal of a programming model. Because of the widespread use of tariff
policies to influence resource allocation and industrialization,it is of
great practical inﬁerest to be able to analyze the implications of
alFernative tariff and subsidy policies in a trade-oriented planning
model. The major problems associated with including such peolicies in
programming models limit . their usefulness in analyzing the effects
of alternative development strategies.

At the risk of some oversimplification, one can attribute the
relative scarcity of multi-sector trade-oriented models to the difficulty
of successfully reconciling the basic assumptions underlying the pure
theory of trade with available observations of the commodity composition
of trade that one would like to captﬁre in a model. A brief review of
general equilibrium models of trade and development indicates how
the various difficulties have been handled in multi-sector trade
models.

Overcoming the problem of specialization under a constant returns
to scale technology with few factors may be done in several ways. The
most obvious approacﬁ is to attack the overdeferminancy problem at its
roott by adding more factors such as various types of capital and several
labor skill classes. The data requirements'for such a formulation con-

siderably limit the possible extensions along these lines. Remaining on



the supply side, another approach is to assume that every sector has

some fixed factor (such as entrepreneurs or fixed capital stocks) which
results in diminishing returns to the other factors. This is the approach
followed by Werin (1965), Lage (1970), Evans (1972), Taylor and Black
(1974), de Melo (1975), Adelman and Robinson (1976), and others. Fixing
sectoral capital stocks helps to overcome the specialization problem

and is empirically justified in the short-run. However, the results
derived under such assumptions cannot be used to indicate comparative
advantage in the long rum.

Ali (1976) has used a completelydifferent approach'to handling the
specialization problem. In his study of comparative advantage in India,
he argues that, due to the large degree of aggregation, a sectoral prb—
duction function does not provide any information about the relative
comparative advantage of industries within the sector. To handle this
problem, Ali specifies a stepped supply function under the assumption
that a gector's supply curve can be obtained by ranking industries within
a sector according to their costs (defined as the domestic factor cost
needed to save a unit of foreign exchange). The resulting form of the
production function implies that as output is increased efficiency declines.5
This specification is helpful in overcoming the specialization problem and
has some appeal for developing countries where the use of scarce foreign
exchange is likely to have an effect on secto;al efficiency in production.

On the demand side, the usual approach is to dfop the small country
assumption. One can either make the world price a decreasing function

of export volume or specify that import prices are an increasing function



of the volume of imports, or both. However, these assumptions are
"empirically reasonable for only a few countries and a few traded goods.6

Turning to the second issue, the assumption of perfect substi-
tutability betwegn domestic and foreign goods of the same category has
been maintained in virtually all planning models which endogenously
determine quantities traded.7 HoWever; to avoid extreme behavior, most
programming models impose upper and lower bounds on quantities traded.
See for example Bruno (1966) and Evans (1972). Such constraints, however
have 1little theoretical justification.. Input-cutput models, on the other
hand, sometimes assume both perfect substitutability and perfect comple-
mentarity at the same time. They use fixed coefficients to determine
imports but élso include them as a supply in the material balancg equa-
tions. See for example Chenery and Clark (1957) and Adelman and
Robinson (1976). Many input-output models also view imports as purely
non-competitive, unable to be produced domestically, and which therefore
only enter the trade balance equation. The inclusion of non—competi;ive
imports is consistgnt with the two-gap literature which emphasizes the
inherent structural rigidities in developing countries and the underlying

‘behavioral assumptions are often valid. However, in terms of model
behavior, non—-competitive imports should not enter the
material balance equations.

Finally, the study of trade strategies has not been adequately
treated in planning models because of the‘difficulty of incorporating
price distortions. With the exception of Evans' programming study of
commercial policy in Australia, the only other studies of price policies

in a multi-sector framework are those of Taylor and Black (1974) and



de Melo (1975). These two studies incorporate price distortions in a
' CGE model where prices and quantities traded are endogenously deter-
mined.

The thrust of our treatment of foreign trade is based on two
related observations especially relevant for developing countries. The
first concerns product differentiation; In an empirical application to a
developing economy, it is unrealistic to assume that domestically produced
manufactured goods and foreign produéed manufactured goods under the

same sectoral classification are essentially the "same,"

egpecially at
the level of aggregation found in multi-sector economy-wide models.
Differences in product qualiFy reflect the imperfect transmission of
technologicai knowledge and different labor skills in developed and
developing countries. This view of imperfect substitutability between
domestic and foreign manufactured goods amounts to introducing the pos-
sibility of two-way trade.8 It is therefore concedivable that a country
will import machinery of a "high" quality and at the same time also export
domesticélly produced machinery of a "lower" quality to other countries

if the price of domestically produced machinery is equal to the exogenously
~given world price of machine?y. Note that the pure small country
assumption is maintained on the export side despite an alleged difference
in quality. This assumption could be relaxed with the provision of
additional data indicating the world elasticity of demand for the home
country's exports of a particular commodity, 6r by specifying export
supply functions.

Secondly, an essential feature of industrialization involves the

substitution of domestically produced goods for foreign produced ones.



The successful accomplishment of this transition is a crucial element in
‘the path towards industrialization. The extreme example of this lack of
substitutability is exemplified in the literature on two—gap models
developed by McKinnon (1964) and Chenery and Strout (1966). However, in a
model which incorporates relative prices, it is natural to assume that
domestically and foreign produced goods may be subétituted for each other
when commercial policy results in an alter” ation of their relative prices.
In the case of capital goods, this possibility of substitution has been
given empirical support by Michalopoulos (1975) in his case study of
Argentina. He estimates the effect of changes in the relative price

of domestic and foreign capital goods on the composition of the capital
stock and finds that the elaéticity of substitution between imported and
domestic equipment is significantly different from zero.

In the algebraic presentation of the model below, the dichotomy
between the two types of goods is maintained in all uses of the.goods.
Thus we define a single composite good in each sector which is made up
of imports and domestically produced goods in that sector. This com—
posite good definea for each sector is what is demanded by all users for
consumption, intermediate use, and investment purposes.

The desired ;omposition of the composite goods by users will be
affected by changes in the relative prices of the foreign and domestic
components of the good. Thus a policy of import substitution implemented
by imposing high rates of effective protection will be captured by the
model in the following way. First, low tariff rates on imported inputs
will result in a higher desired share of these imported goods in the
corresponding composite goods and so raise their demand. Second, high

tariffs to pretect a final good will lower the desired share of imports
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of that good in the corresponding composite good.

The price system for the model is a hybrid in the following sense.
The price of the imported component is tied to the world price through
a tariff (and the exéhange rate) and price follows the standard small
country assumption. However the price of the domestic ﬁomponent behaves
exactly like the price of a non—traded good and adjusts to clear domestic
supply and demand. Indeed a change in commercial policy will affect
the price of a composite good in two ways: (1) directly via the change
in the tariff and (2) indirectly by the resulting change in the price
of the domestically produced good as the domestic economy reaches a new
equilibrium.

By spécifying that imﬁorted and domestically produced goods are
imperfect substitutes, the model captures an important feature of
industries in less developed countries. By varying the parameters
specifying the elasticity of substitution in use for different sectors,
the model can incorporate assumptions ranging from complete insubstitut-
ability (for example, two-gap models) to perfect substitutability (for
example, neoclassiéal trade theory models). Indeed, some of our experi-
ments will analyze the dynamic effects of trade strategy when the value
of the elasticity of substitution in use between the domestically produced
and imported goods increases smoothly over time (resulting, perhaps, from
steadily improving quality of the manufacturing output in the developing
country). TIn any case, it is important to explore the empirical importance
of the elasticity parameter and its impact on the effectiveness of dif-

ferent trade strategies and patterns of commercial policy.9
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IIT. A CGE Trade Mpdel With Product Differentiation and Income Distribution

1. Introduction

This section presents the equations describing the static model.

A summary discussion of applications and dynamic linkages is provided in

the following section.

The endogenous variables are summarized in Tables 1 and 2.

We use a number of notation conventions which are listed below-~

~ Endogencus variables, and only endogenous variables are

denoted by Roman letters without bars.

- Variables with different numbers of subscripts are different.

For example, Ci and Cik are different variables.

- Exogenous variables and parameters are denoted either by

Greek letters or Roman letters with a bar over them.

= Quantities and prices of the composite goods have no super-—

script.

~ The
- The
- The
- - The
- The
-~ The
- The
— The
-~ The

- The

superscript "e" refers

superscript "m" refers

superscript "d" refers

superscript "p" refers

superscript "G" refers

subscripts "i" and "§"

subscript "q'" refers to

subscript "g" refers to

subscript "k" refers to

subscript "K" refers to

to export goods.
to imported goods.
to domestically produced goods.
to private (as opposed to government),
to government.
always refer to output sectors.
labor types.
categbries of .income recipients.
income classes

ny
capital (such as Y_,, capital income).

K!

—~ Variables with a » over them are in units of money.
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TABLE 1
PRODUCT SUPPLY AND FACTOR MARKETS:

ENDOGENOUS . VARTABLES AND EQUATIONS

Name Variable Equation Number
. .
Net prices Pi (9 n
Average wages Wq (15) q
Capital rental W, . (11) n
K,i
d
Domestic output Xi {Nn n
Labor aggregate ' Li (8) ‘ n
Labor by category Liq (10) n-q
Aggregate labor demand Lg (13) q
Aggregate labor supply Lg (14) q
Sectoral capital stocks Ki (12) n

Sum 5n + 3qg + nq
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TABLE 2

PRODUCT MARKETS AND INCCME DISTRIBUTION:
ENDOGENEOUS VARIABLES AND EQUATIONS

Name Variable Equation Number

Endogeneous Parameters

Domestic good ratio S; (3) n

Import ratio m, (4) n

Domestic price ratio r, (5) n
Sum 3n

Income Distribution and Flow of Funds

Labor income §q (16) q
Capital income ) ¥K (17) 1
Within group income dist. ;g (18) qt+l
Group mean income ;g (19 qtl
Overall income dist. ? (20 1
Income classes %E (21) k
Population by income class ‘ Nk | (22) k
Private savings . | %E (23) k
Private consumption BE | (24) | k
Government revenue a (27) 1
Government ;aving | gG »(28) 1
Total saving 3 {30) ‘ 1
Balance of trade A (33) 1

Sum 4k + 3q + 8
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TABLE 2 cont.

Variables Equation Number

Quantities: Composite Goods and Imports

Total composite good Qi ' a n
Imports M? {2) . n
Consumption by class and good Cik - (25) n-k
Consumption by good Cy (26) n
Government consumption Gi (29) n
Aggregate investmen£ AK (31) ‘l
Investment goods Zi (32) n
Intermediate goods Fi (39) n
Sum

Consumption

Investment

Government consumptiqn
Intermediate goods
Total démestic demand

Exports

Quantities: Domestic Goods

o (36) n
7 (37) n
Gi (38) n
Fe 0y n
D (41) n
B (42) n

bn + n'k + 1




Name

Exchange rate

Composite goods prices

Import prices

Export prices

Domestic goods prices

=15-"

TABLE 2 cont.

Variables Equation -

Prices and Exchange Rate

(@

(6)
(34)
(35)

(43)

Sum

~d4n + 1
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2. The Composite Good

Aggregation Function

As discussed earlier, there are two different types of goods
in the model economy: those which are produced domestically and those
which are imported. These two types of goods are not considered to be
perfect substitutes in use. Instead, domestically produced and imported
goods of the same sectoral classification are combined together to make
a single composite good for each sector which is what is demanded by all
users. For example, consumers are assumed to have a two-level utility
function. In the first level, the consumer combines, say, imported and
domestic wine to make a composite "wine'" which then enters the utility
function. Domestic and imported wine substitute for one another through
the aggregation function and the composite "wine" enters the utility
function along with other composite goods.lo

The composite good in each sector is defined as a C.E.S.

aggregation of domestically produced (D:) and imported Gﬂ?) goods:

(1) Qi = Ei {Bi(M?)—ui + (1—81)(Di)—ui]ql/ui n equations

Note that if for a given sector there is no substitutable import
good, then Si =0, ﬁi = 1 and Xi = D:. Define the right hand side of (1)
as fi(M?, Di). Since equation (1) is linearly homogeneous inP%_and Di

it can be rewritten as:

(la) Q; = fi(mi,l) Di

where m is defined as the ratio of imported. to domestic goods in sector i:

{(2) m; = M?/Di n equations
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If will be seen below that my is a function of the relative price of the
domestically produced and the foreign good.

Equation (2) makes it clear that imported and domestic goods
are considered to be substitutes in use by sectors. |

It is important to keep the units of the various goods clearly
in mind. Even though they may all have the same sector name, the composite
good (Qi)’ the imported good (M?) and the domestic good (Di) are all
different goods. 1In contrast to the uéual practice in planning models,
they cannot appear together in the same matérial balance equations.
They are related only through the aggregation function which can be used
to define the ratio of the domestic good to the composite good for each

sector:

&) Si = Di/Qi = l/fi(mi,l) n equations

The definition of the composite good in equation (l)lis somewhat
restrictive in that the same composite good is employed in all uses. For
example, one might wish to specify a different aggregation of imported and
domestic machinery to make composite machinery for use as investment
than, say, for consumption or intermediate uses. Such a specification
‘would not bé difficult, although it would clutter up the algebra. We
have not used the more general specification both because data are lacking
to estimate the additional aggregation functions and because we suspect
that the aggregation functions for different uses would not be very

different for the fairly high level of aggregation in our model.

Import Demand

Buyers cannot directly purchase pre-mixed units of the composite

good but must instead purchase imports and domestic goods and make up the
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composite good by means_of the aggregation function. We assume that in
their purchasing, buyers seek to minimize the cost of obtaining the
composite good. Given specified prices for the domestic and imported
goods, the problem facing the buyer is mathematically equivélent to
that facing the firm who wants to produce a specified level of output
at minimum cost. The solution is to find a ratio of inputs (M? to Di)
so that the marginal rate of substitution (the slope of the iso-output
curve for the composite good) equals the ratio of price (Pi over P?).
Given that the aggregation function is homogeneous,the import ratio

(mi = Mi/Dg) is‘a function only of the price ratio and is independent
of the level of output. For the C.E.S. aggregation function, the desired

import ratio is given by:

- 1/(1+u,) ,
(4) m, = [r; B,/(1~8,)] i n equations
where:

_ pd,/pm ‘ .
(5) T, = Pi/Pi n equations

is the ratio of the price of the domestically produced good Pi to the
domestic price -of the imported good P?. Note that for goods for
which there is no imported substitute, Bi = ( and hence m, = 0.

Eduation (4) can be rewritten as:

m g, d (1-c,)
M?Pi . 8, i | B¢ 1
d .d m
Di Pi l—Bi Pi

where o, = l/(l+ui) is the elasticity of substitution in use between
imported and domestically produced goods. This formulation makes it

clear that walue shares are independent of the price ratio if and only
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Composite Good Price

. . R . m d
Given the prices of imported and domestic goods (Pi and Pi),
there 1s a corresponding price for the composite good. Since total
expenditure on the compoéite good must equal expenditure on its imported

and domestic components, it follows that:

p. Q. =p% pd 4 PP @
1 1 1 i 1 1

Substitution from equation (la), and (2) and (3) vields:

_ d m ' ;
(6) Pi = Si (Pi + Pi mi) n equations

Equation (6) defines the price of the composite good and does not depend

on any behavioral assumptions.

3. Factor Markets and Domestic Supply

Production Functions

The technology for producing the domestic good is given by two-
level C.E.S. production functions. Output is a C.E.S. function of

aggregate labor and capital:

d

(7 Xi = Ki [ai K;pi + (lnui) L;pi]ml/pi n equations

The capital good is assumed to be a composite of heterogeneous
capital goods aggregated in fixed proportions. Labor is assumed to be

a C.E.S, aggregation of different types of labor:

(8) L; =% [y ng 17

q

n equations

where the subscript g refers to different lagbor types.
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In addition, producers are assumed to require intermediate goods
in fixed proportions to output as specified by the usual table of input-

output coefficients.

Factor Demands

We assume that the producers of domestic output are profit
maximizing perfect competitors. They ﬁill thus hire factors until the
marginal revenue product equals the wage for each factor. Sinée inter-
mediate goods must be used in fixed proportions, their cost can be
deducted from the price of the output to give the net price to the firm

from selling a unit of output. This met price equation is given by:

* -
(9) P, = P? -Za,, P, -0, Pé n equations
i i j ji 3 171

The E,i are the input-output coefficients and ei is the indirect tax rate.
The input-output coefficients give the demand for the composite good as
an intermediate input and hence, in the net price equation, they are
mﬁltiplied by the prices of the composite goods. P: gives the net receipts
to the firm from selling a unit of output.

The first-order conditions for profit maximization require that

wages equal marginal revenue products for all factors:

, 9Ky oLy
(10) W = Pi T 3L g-n equations
d i i
d
x X
(11) We s =P _ n equations
? n

In equation (10) it is assumed that the wage of a particular
labor categorj (Wq) will be the same in all sectors. This implies that

labor in each category is free to move across all sectors of production.
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Equation (11), on the other hand, reflects the assumption that the capital
.stock in each sector is fixed and immobile during the period. The rental
of capital will thus differ among sectors (and hencehas an i subscript)
since capital cannot move within the period so as to equate rentals across
sectors. The sectoral immobility of capital is shown by specifying a
fixed supply in each sector:
(12) Ki = Ei n equations

We intend to do a number of compafative statics experiments
in which capital is assumed to be mobile amcng sectors. In this case,
treat capital symmetrically with labor, replacing equations (11) and

(12) with the following:

, o
* =
(11%) Ve =P K.
1
(12%) LK, = K
i

Equation (11%) will be used to determine the demand for capital by sectors
given the rental rate thand equation (12%) gives the market clearing
equilibrium conditien.

Given a wage, equation (10) will yield the labor demands in
each sector,Liq. These demands are aggregated across all sectors to give

the total demand for labor in each category:

D

(13) Lq =T L q equations
i

iq
The total labor supply in each category is assumed to be fixed

exogenously:



(14) Lq = L q equations

Equilibrium in the labor markets requires that supply equal
demand for labor in each category, or that the excess demands for labor

equal zero.
(15) L~ - Lq =0 ' g equations

Table 1 summarizes the endogenous variables and their associated
equations for equatioms (7) to (15). Note that if product prices are
given, then there are just as many equations as there are endogenous
variables. We can solve equatioms (7) to (15) for wages which clear
all facfor markets, employment, and domestic output in all sectors.

The solution of these equations thus yields the supply of domestic
goods to the product markets given specified prices.

The equations are, of course, highly mnon-linear in the endogenous
variables. However, assuming that the first order conditions given by
equation (10) can be solved for labor demands, then if is possible to
substitute until the system is reduced to a set of ¢ non-linear excess-—
demand-for-labor equations as a function of the q average WageS,Wq. Once
‘these equations are solved for market clearing wages, then all the other
endogenous variables can be solved by simply evaluating the appropriate
equations. The techniques used for solving this system are described
bélow.

In the next section, we present the.income and product demand
equations and finally describe how the éntire system is solvedfor wages,

prices, income, production, and employment.
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4, TIncome Distribution and Product Demand

Income Distribution and Private Consumption Demand

The income accruing to factors of production is given by:

(16) ¥

1]
o
=]
o

g equations

(17) ¥

i
™~
=
=

1 equation

Equation (16) and (17) give the functional distribution of
income among categories of labor and capital. The overall size distri-
bution of income is generated by assuming that the distribution of income
within each group can be described by a two parameter lognormal probability
distribﬁtion function. Thus the distribution of income within each group

is given by:

nvod " 2
18 = f g +1 equations
(18) ¥y g(yglug, . g+l eq

where fg is the lognormal distribution with parameters ug and 02. The
subscript g refers to the number of distinct income earning groups. In
this model g = g + 1. The logvariance for each within-group distribution
is specified exogenously. The logmean, ug, however is a function of the
group mean Iincomes,

Aggregate group incomes are given by §q and %K' Assume that
the first g groups are the different labor categories and that the last
group is the capitalists. The number of people in each group is given by

Lg where Lg = fz for the different labor categories and L +1 is the number

of capitalists. The total population is assumed exogenous:
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The number of capitalists (iq+l) 15 assumed to be specified
exogenously. Thus we have added a pure rentier class to the population
of workers and have assumed that no workers receive capital income and
that no capitalists receive wage income. It is easy to relax this rigid
demarcation, but one must then specify which worker groups receive capital
income and how much as well as how much labor income goes to capitalists.
We will in fact distribute agricultural capital income to the category
of rural labor under the assumption that they include landowners (and
hence exclude landowners from the capitalist group).

Another problem is that capital income %K includes the un-
distributed profits of corporations which are thus assumed to be part
of the received income of capitalists. While this may be a reasonable
procedure in a capitalist country, it is not the usual practice in
studies of income distribution. We can adjust for undistributed profits
by applying a retained earnings ratioc to %K to give the total income
distributed to capitalists. The retained earnings must be added to savings
in equation (23) below. It is easy and interesting to generate the income
'distributioﬁ both before and after correcting for retained earnings.

The mean income of each group is given by:

(19) Y, T (1~ Tg) rﬁ’g/Lg | g+l equations

y
where §g = Yq for the first ¢ groups and equals %Krfor the last group.
The parameters T are the average direct tax rates applied to factor

incomes. Some progressivity is assumed by applying different average
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tax rates to different categories of income. It would also be straight-
forward to apply a progressive rate structure to different levels of
income in each category (or overall) since one can use the distribution
functions (18) to generate the total amount of taxable income within any
specified income ramges. Thus the model will generate the logmeans of
the within-group distributions and only the logvariances need to be
specified exogenously.

The distribution function describing the overall size distri-
bution of income is a weighted average of the within-group distribution
functions with the weights equaling population shares. Thus the overall

distribution is given by:

A d - ~ 2 o
= (1/L) L f ,07) 1 equation
(20) v = /L) Z L, g(ylug . q

Note that the overall distribution function is a sum of distribution
functions not the distribution of a sum of random variables. Thus central
limit theorems do not apply and the function may, in principle, have any
shape., Given specified within-group distribution functions, it is
feasible to generate the overall distribution empirically even though
,it is analytically aﬁ intractable function. We use a computer algorithm
described in Robinson (1976b) to generate empirically all the statistics
of the overall distribution we require such as the Gini coefficient, decile
distribution, and so forth.

In particular, we divide the overall population into a number
of income classes which are each assumed to have a particular savings
and consumption behavior. The algorithm is used to generaté the tetal

number of people (Nk) in each incomé class and the aggregate income
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ny
accruing to those people (Yﬂ). To keep endogenous variables and equation

‘counting straight, we list these variables below with associated equation

numbers :

"\Jp .
(21) Yk k equations
{22) Nk : ‘ k equations

where the subscript k refers to the income class.
Aggregate private savings are calculated by applying a different

savings function for each income class.

(23) §§ = fi(%p,Nk) k equations

The demand for consumption goods is calculated by assuming that

each income class has a distinct set of expenditure equations:

_ £kp
= fi(ﬁ N

Cik k,Pl’o-n’Pn)

where Eg is per capita expenditure:

(24) Ei = (%ﬁ - Ei)/Nk : ‘ k equations

We have chosen to use Stone's linear expenditure system which yields the

following expenditure equations:

. ] . - N
(25) £ Cik = {Pi Yik + Bik (Bk i Pi '\fjk)]Nk n-k equations

The parameters y,, represent per capita committed expenditure and the 8,
P ik ik

are marginal budget shares. The equations satisfy the usual requirements

for systems of demand equations such as Engle and Cournot aggregation.13
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The expenditure equations are expressed in terms of the campoéite
good because it is assumed that consumers aggregate imports and domestically
produced goods according to equation (1) before using them. The composite
good is what is assumed to be desired by all users for all uses. Aggregate

demand for each consumer good is given by:

(26) C, =1 C, .n equations
iy ik .

Government Accounts

Government revenue is given by:

(27) ¥orr ¥+ Y rrze pdxdere 2P0l
q g KK, 17171 , 171 i
'q i i
e _Se d o
- ? Si Pi R Ei 1 equation

The first three terms include direct and indiréct taxes. The fourth
term represents tariff collections on imports and the last term is an
expenditure item reflecting government subsidies for exports. The
variables in the last two terms will be discussed further below.
Government saving is assumed to be a function of government

revenue and of the balance of international trade (Ts).

(28) ¥ - Cdyar 1° 1 equation

where R T$

is value of the trade surplus in domestic currency. Including
the balance of trade as part of government savings involves the implicit

assumption that the government successfully neutralizes any menetary
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repercussions of the balance of payments.14 The model in its present
form does not permit monetary injections whether from domestic monetary
expansion or from the balance of payments. It is possible to extend the
model to include explicit money demand and supply equations and so in-
clude monetary and inflationary effects emanating from the balance of

payments,

The government is assumed to spend its net revenue (excluding
government savings) in fixed shares. The government demand for goods
is given by:

(29) P, G, = éi (E - 57) n equations

Note again that government demand is for units of the composite good.

Savings and Investment

Total savings is given by private and government saving:

1 equation

Savings are assumed to be spent on investment goods in order to
purchase units of new capital stock. The composition of the capital good

in different sectors 1s assumed to be the same, with the proportioms given

by the parameters bi. E Ei = 1., The price of a unit of capital is thus

given by z Ei Pi and the total amount of capital that can be purchased
i

with the savings E is:

ny A
(31) AK = S/g bi P, 1 equation
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The demand for investment goods by sector of origin is given by:
(32) Zi = bi AK n equations

Note that the capital stock and investment demand is measured in units
of the composite goed.

Tn the model as presented above, investment is savings determined.
The model determines incomes and savings by the different e€conomic actors
and then determines investment from equations (31) and (32). For some
experiments with the model, it might be useful to be able to make
aggregate investment (AK) exogenous.l6 This can be accomplished by
solving equation (31) for 3 instead of AK and then scaling the average

savings rates of all savers so as to achieve the desired aggregate savings.

5. Trade and Material Balances

The balance of trade is calculated in dollars by valuing exports
and imports in world prices (which are assumed to be exogenous). The

equation is:

| W _ _ sSe d  _ =fm .
(33) ¥ i PI°E; - i B, oy 1 equation

Iﬁ general, we assume the level of the balance of trade to be specified
exogenously and will let the model find the exchange rate that achieves
the desired equilibrium.

Note that exports are assumed to be in units of the domestic
good, not of the composite good. As mentioned earlier; we make the usual
small country assumption so the price of exports does not depend on the
volume. Because the domestic good and the import good are not perfect

substitutes, one would generally assume that fie # fim
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The domestic prices of exports and imports depend on the ex-

change rate and on tariffs and subsidies. They are given by:

(34) P§== {1+ t?) R fim n equations
{(35) P = (1 +-s?) R §$e n equations
i i i

Given the exchange rate R, both P? and Pi are determined since the other
parameters are exogenous. Since the import good is not perfectly
substitutable for the domestic good, there is no reason to assume that
Pg = P?. Indeed, they are not even strictly comparable since they
really do not have the same units. They can only be used together through
the aggregation function in equation (6) to define the price of composite
good (Pi).

Since exports consist of domestically produced goods, Pi and
Pi are in the same units and are comparable. Given the exchange rate
and subsidy rate, we assume that the world price of exports detefmines

a floor price for the domestic good: Pg z_Pi. If the domestic price Pi
were to fall below the export price Pi, then profit maximizing producers
would export all their output, thus causing excess demand in the domestic
‘market until the domestic price rises to the world price. However, it
is perfectly possible for the export price to rise above the world price.
In this case, there will be no exports aand all production will go to
sétisfy domestic demand.

Equilibrium in.the product markets requires that supply and
demand be equated for each domestically produced good. With the exception

of exports, the demands for goods have all been expressed in terms of

the composite good. To determine the demands for domestic goods, we
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use the domestic component ratio, S,, defined in equation (3). Since

i!
the same aggregation function is used to make the composite good regard-

less of use, the ratio can be applied to all components of demand. For

the components of final demand, the demands for domestic goods are given

by:
d
(36) Ci = Si Ci n equations
' d
(37) - Z:L = Si Zi n equations
d
(38) Gi = Si Gi n equations

The demand for intermediate goods is determined through the use
of input-output coefficients and 1s expressed in units of the composite

good.

(39) F, = § 345 Xﬁ n equations

The demand for domestic goods for intermediate use is given by:

(40) Fi = Si Fi n equations

The demand for domestic uses of domestic goods is given by:

(41) Dg = Fg + Ci + Zi + Gi ' n equations

This is the demand which is combined with total import demand to give the
aggregate demand for the coﬁposite good (Qi)' To get total demand for

domestic production, one must add export demand, Ei.
The total supply of domestically produced goods is Xi from

equation (7). Equilibriuﬁ in the product markets requires that supply
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equal demand:

3¢ = ¢+ gl
i i i

The solution problem reduces to that of finding a set of prices, Pi, such
that supply equals demand in all product markets.

The treatment of exports and the existence of a flcor price
for export goods enables us to rewrite the equilibrium conditions. For
those goods which are exported, the domestic price equals the export price

and exports are determined residually after éatisfying'all domestic demands:

d __d d d ,
(42a) Ei = Xi - Di . Ei > 0 n, equations
(43a) Pd = p¢ . n, equations
i i 1 .
where n, equals the number of export goods. There can, of course, be

no negative exports. If the domestic price exceeds the export price,
then exports are zerc and the price is such that the domestic market clears:

d d e

(42b) Ei =0 , Pi > Pi n, equations
(43b) Xd = Dd n, equations

i i 2
where n, equals the number of goods for which there are no exports. Since
ny o+ n, = 1, there are n equations in each set. Equations (42a) and (42b)

determine the level of exports and equations (43a) and (43b) determine the

level of all domestic prices, P:.

Equations (42a) and (43b) reflect the
equilibrium conditions that excess demands must equal zéro in all product
markets. When there are exports, equilibrium is achieved by exporting
any residual supply at the export price. When there are no exports,

equilibrium must be achieved by finding market clearing domestic prices

such that equations (43b) are satiéfied. This latter prcblem is essentially
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that of computing "solution prices" for a general equilibrium system.
The exchange rate R is an endogenous variable in the model,
It is allowed to vary so as to make the balance of trade, %$ in equation

(33), equal to an exogenously specified value:

C44) %$ - §$ 1 equation

If the balance of trade were too low then there should be g devaluation,
or an increase in R. A higher R raises the prices. of both imports and
exports, P? and Pi. In the case of importé, this will lead to greater
substitution of imported for domestic goods and so decrease the import
ratio (mi). Raising Pi should lead to an increased supply of export
goods and may even induce sectors which have not exported to start doing
so.

Table 2 summarizes the endogenous wvariables and associated
equations for the composite good, income distribution and product demand
parts of the model. There are exactly as many equations as endogenocus
variables. However, as usual for a general equilibrium system, the entire
system is homogenedus of degree zero in all wages, prices, and the exchange
rate. The general equilibrium caﬁ'only determine relative prices, not
the absolute level. We must thus add a price normalization equation:

(45) 7 - Ls, Pi 1 equation

kS

which completes the presentation of the static model equations.

6. Solving the Model

From the discussion above, it should be clear that by substitution

the model can be reduced to sets of excess demand equations in three markets:
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those for labor, domestic products, and foreign exchange. The endogenoﬁs
variables to be solved are wages, ﬁroduct prices, and the exchange rate.
There are a number of different strategies and algorithms for solving
such sets of market excess demand equations.17 Our solution strategy
is based on the fact that the three markets can be segmented. Given
the exchange rate and product prices, it is possible to solve the labor
markets for equilibrium wages. Given the solution of the‘lébor market
equations -- yielding wages, employment, and product supply —— it is
possible to solye'the product market equations for a set of equilibrium
product pfices. Each solution of the labor and product markets yields
a corresponding value fqr the balance of trade from equation (33).

Our strategy is first to set the exchange rate R and then
gsolve the product and labor markets seriatem, repeating until they are
both cleared. The resulting balance pf trade is compared to the target
balance and the exchange rate is adjusted. The product and labor markets
are then solved with the new value of R. This iteration procedure is
continued until all three markets are cleared.

In solving all three markets, a price adjustment approach is
used. In the product and foreign exchange markets, a tatonnment procedure
15 used which generates new guesses at prices based on the calculated
excess demands, sector by sector. In terms of computer algorithms, this
approach is an adaptation of a Gauss-Seidel algorithm. In the facter
mérkets, we also treat the excess demand equations directly but use a
different algorithm that uses the derivatives of the excess demand
equations with respect to the wages —— the Jacobian matrix.

Note that in deriving the excess démand for labor equations,

it is mecessary to solve the first order conditions to get labor demands
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given wages. For Cobb-Douglas production functions, equation (10) can

be easily solved analytically for labor demands. For two-level CES

functions, the solution is not so straightforward. In this case, we solve

the equations numerically using a variant of Newton's method.l8
Since the model is highly non-linear, simply counting equations

does not guarantee that a solution exists or that there is a wunique

solution. In terms of economic theory the model is a rathef simple

example of general equilibrium models which have been extensively studied.

The model certainly satisfies all the assumﬁtions nﬁcessary to guarantee

as

that a solution exists.l9 However, since the model/a number of COnsumers,

we cannot guarantee that any solution we find is unique. This is probably

net a sericus .problem but should be investigated empirically. Adelman

and Robinson (1976) built a CGE model with many more consumers (fifteen

in all) and found that their model displayed "strong local uniqueness."

That is,when they shocked the model from an equilibrium and applied their

solution algorithm it always returned to the same equilibrium.
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TV. Trade Strategy, Growth, and Income Distribution

1. Introduction

The model described in the preceding section will be used to
examine the implications of alternative trade policies for income
distribution, economic structure and comparative advantage. ' The care-
ful specification of income and government accounts will be important
in tracing thé impact of alternative trade regimes on the government
budget, providing an additional channel through which trade policy
affects the economy.

The st;tic model, however, cannot handle two important issues.
First, it cannot quantify the often cited merits of the "infant industry”
argument which is the main justification provided for industrialization
behind high tariff walls. Secomnd, it does not provide any information
about the economy's adjustment to structural disequilibria resulting
from changes in economic policies.

Belief in the need for a development strategy based on protection
of the manufacturing sector is powerful in developing couﬁtries. The
érgument for protection in this context is based on dynamic comsiderations.
Those who argue for protection concede that trade distortions in the
form of tariffs have static welfare costs, but argue that the dynamic
benefits associated with a ptrotectionist growtb strategy are well worth
the static costs. Under the infant industry argument,'investment alloca~
tion and production in acéordance with the static structure of comparative

advantage is believed to prevent or delay the development of potentially
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competitve industries. De Melo and.Dervis (1976) have used a simple
‘dynamic three-sector CGE model to indicate the quantitati%e importance
of alternative assumptions concerning capital mobility, labor migration,
and savings behavior in evaluating the dynamic effects of trade policy.
Their results indicate that the-dynamic effects of trade policy are
quantitatively important and point towards the need-for evaluéting the
impact of trade strategies on income distfibution.and resource alloca-
tion in a dynamic setting.

In the next section, we discuss our approach to modelling the
intertemporal linkages in a fully dynamic model. As discussed in
Robinson (1976a), we separate the market ciearing equilibrium process
from the dynamic adjustment pfocess. The resulting dynamic model is

recursive in time but simultaneous within periods.

2.  Dynamic Linkages

The full dynamie model consists of two stages. The first stage
is the static CGE model which is solved given values for all exogenous
variables and paraﬁeters. The second sfage consists of a set of
submodels providing all the interfemporal 1inkages. The stage 2 sub-
Vmodels treat the solution values of the endogendus variables in stage 1
as exogenous and endogenously solve for the variables and parameters
that are exogenous to the stage 1 model in the next period.

Our stage 2 model will consist of three submédels. The first
will determine the sectoral allocation of investment, the second will

determine the growth and allocation of the labor force by type of labor,
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and the third will update a number of techmological parameters.

Capital Allocation

Within the static model, there are two alternative views of
investment that can be specified. In the first, the rate of growth
of the aggregate capital stock is specified exogenously. In the
second, investment expenditure is determined by aggregate savings and
thus depends on the entire solution of the static model. In the
second approach -- which is the one include& in the equations pre-—
sented above -~ trade strategy and commercial policy will have an effect
on aggregate investment and hence on growth.

In the static model, capital was assumed to be immobile between
sectors and hence the solution will in general yield different profit
rates among sectors. In the stage 2 model, investment will be allocated

among sectors as a function of profit rate differentials.20

Labor Force
Each category of labor has a specified "natural” rate of growth.
In addition, there is movement among labﬁr categories according to two
different méchanisms. The first is rural-urban migration. We plan to
experiment with variants of a Harris-Todaro migration model using
 an exogenously specified urban wage in the stage 1 model. For the
version of stage 1 where aggregate employment is spécified exogenously,
migration will simply be a function of the rural—urban.wage differential.
The second mechanism underlying inter-category labor movement

is education or human capital formation. In our model, the extent of
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such skill upgrading will be specified exogenously.

Parameter Updating

Technical change in production can be specified by assuming
that the productivity parameters (K;) in the sectoral preduction
functions grow at specified rates. Such exogenous technical change
is neutral and disembodied.

As a country develops, another dimension of technical change
that we can include in the model is that domestically produced goods
improve in quality and become more substitutable for imported goods.

We can capture this effect by specifying time trends for the elasti-
city of substitution in use between imported and domestically produced
goods.

Depending on how ambitious one is, there are a number of other
parameters one might change dynamically. For example, one might specify'
time trends in the margin?tudget shares in the expenditure functions or
in the savings rates. Such changes might make the model more '"realistie"
in that it can better track actual historical data. However, there is

a cost in terms of added complexity.
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V. Conclusion

Recent developments in the field of trade policy have been
dominated by the elaboration of the theory of domestic distortioms in
open economies. Essentially the modern approach focuses on the choice
between alternative policies and provides a greatlyrimproved method of
analyzing the effects of trade policies. However, as discussed in
de Melo (1977), the analytical rigor and intellectual effort which has
gone into this theoretical work has not been matched on the empirical
side where the measurement of the welfare costs of domestic distortions
has concentrated on trade distortions and has most often been carried
out in a static, partial equilibrium framework. This paper offers a
methodology té simulate and méasure the effects of trade policies within
the framework of an empirically implementable computable general
equilibrium planning model that captures many of the interesting features
of recent models of international trade,

The model described in this paper will be used as a simulation
laboratory for examining the effects gf different trade strategies on
growth and distribution. Our treatment of trade, especially the
specification of imperfect substitutability between imported and
domestically produced goods, should make the basic model structure
applicable to a wide range of relatively open developing countries
for whom trade strategy and commercial policy are important issues in
planning. With the explicit inclusion of the gize distribution of income
and the concomitant complete specification of the income accounts, the
model also traces the effects of trade strategies on the distributien

of income. In addition, the endogenous solution of wages and prices
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enables us to experiment with policy instruments such as direct and
indirect taxes, tariffs, and price subsidies which are not included

in the more traditional quantity oriented planning models, The.approach
used here in specifying a computable general equilibrium (CGE) model
provides a general methodological framework that is quite flexible and
egpecially well-suited to simulate market behavior.l As illustrated by
the model presented here, it is relatively easy to introduce a number

of alternative behavioral assumptions within this framework.
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Footnotes

Part I

lSee for example Evans (1972), de Melo (1975), Adelman and
Robinson (1976).

Part IT

2For example, the reduction of tariff barriers among members
of the EEC has led to substantial intra-industry specilalization
but little inter—-industry specialization.

3In the context of a small country assumption with linear homogeneous

production functions, Samuelson (1953) has shown that in a per-
fectly competitive model with n final goods traded and s primary
factors of production, where n>s, the overdetermination resulting
from more fixed prices through trade than variable factor prices
resolves itself through the country specializing in the production
of s commodities. ©Note that this result is closely linked with

a linear programming theorem which states that the number of
activities in the optimal solution will at most equal the number
of constraints.

4Exceptionsare Ali (1976) and Deardorf, Stern and Baum (1976).

5See Ali (1976) chapter 2 for the derivation of the efficiency
parameter in terms of domestic resource cost.

6If primary products are excluded, there are indeed few manufactured
goods for which developing countries may exercise monopoly power,
especially when.viewed from the level of aggregation typical in
multisector models. SeeWeisskopf (1971) and Chenery and Raduchel
(1971) for a justification of this approach.
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’SeeBruno (1966), Evans (1972), Taylor and Black (1974), and

de Melo (1975). In Ali's model the consumption bundle of a com-
modity is made up of a Cobb-Douglas combination of domestically
produced and foreign goods of the same sectoral classification.

8See Armington (1969) for the presentation of a theory of demand
for products distinguished by place of production. This approach
focuses on the consequences of introducing imperfect substitution
~ in demand.

9Armington (1969b) indicates the quantitiative importance of the
elasticity of substitution In computing the effects of price changes
on the pattern of trade.

Part IIT

10See Armington (1969a) for a detailed discussion of these assumptions.

11Other production functions such as Cobb-Douglas or generalized

C.E.S. functions might be used. The Cobb-Douglas is just a special
case using both a Cobb-Douglas aggregation function and a Cobb-
Douglas production function.

12Given that the within-group distribution functions are lognormal,

the log mean is related to the arithmetic mean by the following
equation:

~ 2
= lo y - 1/2 o
Mg g(yg g

See Aitchison and Brown (1957).

13For a survey of systems of expenditure equation, see Brown and

Deaton (1972).
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14Taylor and Black (1974) also make this assumption.

a
1SSee Adelman and Robinson (1976) for /CGE model with endogenous

money supply and inflationary effects.

16de Melo and Dervis (1976) have experimented with different savings

and investment functions in a three sector dynamic CGE model with
trade. Their dynamic results are quite sensitive to different
assumptions about savings behavior.

17For a survey of solution strategies and computer algorithms,

see Adelman and Robinson (1976)}.

18For a survey of such techniques, see Jaratt (1970).

19See Arrow and Hahn (1971 ).

20Capital is assumed to flow to sectors with higher than average
‘expected profit rates. There are a number of issues
involved, both theoretical and empirical, that are beyond the
scope of this paper.
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