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I. Introduction

This paper is a general equilibrium analysis of factor income
distribution in a developing economy. Economic development in such an
economy usually entails accumulation of capital in the industrial sector,
often aided by the govermment, transfer of labour from agriculture to
industry, and improvement in agricultural capital stock and technology.
Policies directed at any of these objectives will have far-reaching effects
on income distribution, and these effects will not always be in accord
with the avowed distributional goals of a developing country.1 The problem
of income distribution, however, has not received much attention in the
development literature.

A two-factor two-commodity model, the traditional workhorse of
international trade theory, has often been used to analyze the effects
of levying a tariff, and changes in factor endowments. The Stolper-
Samuelson and Rybcynzki theorems, which respectively deal with these
matters, are well enshrined in the literature (see, fof example, Jones
(1965)). This model has also been applied to several propositions in
public finance such as tax-incidence (Harberger (1962) , Mieszkowski (1965)).
Many of ghese standard results can be readily extended to a developing
country. The two-by-two model can thus be used to discuss the distri-
butional effects of certain types of foreign aid (e.g., gifts of industrial
capital from abroad), and many developmental policies such as employment
and production subsidies, technological change in one or both sectors,
etc.2 In discussing problems of economic development, however, dual econ-

omy models are often used (Zarembka (1972)). These are similar in spirit to the



e

It

s

two-by-two model, but they replace its two sectors by a modern industrial
sector and a traditional, agricultural sector, and also incorporate comn-
cepts such és labour surplus, shadow wages, etc.

While models of this type, whether dualistic or not, are very
attractive for their simplicity and other properties, their underlying
assumptions might be far too unrealistic for most developing countries.
The division of the economy into two sectors, the starting point of such
models, will not be very insightful in many cases. Primary, secondary,
and tertiary sectors are well-defined in most advanced countries. Even
in developing countries, more than two sectors, which differ in structure
and play distinct economic roles, can be identified sometimes. In Ghana,
for instance, cocoa exports are the main source of foreign exchange
which is used to import industrial machinery, food, and other items.
Farming begins with food crops which gradually make way for cocoa trees
in a few years. The two activities differ in resource allocation and
involve rather dissimilar economic calculations. Moreover, they have
very little in common with manufacturing regarding inputs, outputs, and
technology. For a meaningful analysis, therefore, manufacturing, cocoa,
and other‘farming should be distinguished. Also perfect mobility and full
employment of factors, the key assumptions in the two-by-two model, will
not be typical of developing countries where factor mobility is often
hampered ?y traditional, social, and structural forces, and unemployment
is common.

In this paper we relax some of the assumptions of the traditional

two-sector model of general equilibrium. Three sectors are specified and four

factors of production are recognized. Three of the four factors, however, are
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specific--one to each sector--so there is one mobile factor, and only two
factors are employed in the production of each commodity. The model is similar
to that of Jones (1971) who analyzed the three-factor, two-commodity case. The
focus of the paper is on the functional, or factor income distribution, as
distinguished from personal or size distribution.

The theoretical structure of the model is presented in Section II. It is
generalized to the (n+l) by n case in Section III. The model is illustrated by
examples from the Ghanaian economy in Section IV, the income-distribution effects
of several policies are discussed in Section V, and some of the theoretical re-
sults are compared with the Ghanaian experience in Section VI. Although the
Ghanaian economy forms the backdrop of much of the analysis, the model is quite

general and should be applicable to other developing countries also.

I1. The Theoretical Structure

The output of the three sectors is denoted by X1, X2’ and X3 . Xi
employs Vi’ the factor specific to it, and some Vm, the mobile factor shared |
by the three sectors. Let aij denote the quantity of input i required for
producing one unit of Xj. We assume a perfectly competitive economy in which
production is subject to constant returns to scale. Firms maximize profits,
which are reduced to zero in equilibrium. With constant returns to scale, the

product of the a's and the level of output determine total factor demands. The

allocation of factors to the three sectors therefore is given by equations (1.1)

to (4.1).
ajq X.l = V.l 1.1
a,,%, = V, (2.1
a33X3 = V3 (3.1
a1 Xy v 2 ,x, Tag¥Xy = Uy (4.1)
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If Ri is the return per unit of factor i, and pj is the average price of

commodity j, equations (5.1) to (7.1) hold in a competitive economy.

a4 R] + an Rm = Py (5.7)
azsz + amsz = Py (6.1)
2,4 R3 + am3Rm = Py (7.1)

These three equations merely state that price per unit of a commodity equals
the average cost of producing it under perfect competition. The production

coefficients, aij’ depend on relative factor prices in each sector:

R
a =

m
i3 %13 \\1?/ (8.1)

'There will be six equatioms like (8.1) to determine all the aij's. These and

equations (1.1) to (7.1) provide 13 relations to determine 13 unknowns:

X'I’ XZ’ X3; R.', RZ’ R3, Rm; and aij (6). The factor endowments Vl’ VZ’ V3, Vo

and commodity prices Pys Pys and Py are the parameters in the model. If the

production coefficients were technologically fixed, equations (1.1) to (7.1)
could be used to determine factor returns and commodity outputs, still treating

factor endowments and commodity prices as parameters.

The Determination of Factor Returns:

Substituting equations (1.1) to (3.1) into (4.1) we derive:

21 2n2 23
SV RV, 2R, = v (4.1")
11 22 33

Equations (5.1) to (7.1) and (4.1') can be solved for R'I’Rz’ R3, and Rm, for

given factor endowments, production coefficients, and commodity prices. Of
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course for variable production coefficients, (8.1) will also be needed.

It is clear from these equations that the returns to factors of pro-

duction do not depend solely on commodity prices; (4.1') ensures that factor

endowments will also affect the R's. This is an important characteristic of

models of this type in which there are specific factors, and factor inputs

exceed the commodities in number.

The Effects of Changes in Parameters:

We consider the effects of small, exogenous changes in factor endowments

and commodity prices. Denote relative changes by an asterisk (%*); thus

pﬁ = dp.l/p1 . By totally differentiating equations (4.1') and (5.1) - (7.1),

Pi’ \

%
i

and R? can be interrelated via distributive shares (6's), factor propor-

tions (M's), and elasticities of substitution (¢o's). We get:4

0,
i

A
i

* * * *
M1 C1RT F A Oo RS + N3 0gRY - {00 + N p0p + X305 JRY

= u* _ - % _ * (4.2)
Vo " VT 7 m2V2 7 sV
0B + 6 R = pﬁ (5.2)
* - %
922R2 + 0 2R P ‘ (6.2)
i * - %
933 R3 + 9m3Rm P3 (7.2)
: a, R,
s the share of factor i in industry j = d R
Pj
a,. X,
» the proportion of factor i used by the jtP industry = _;;_;l ,
i
and Gj’ the elasticity of substitution between the mobile and .
. =V
the specific factor in industry j = . B ] ,
- R¥ - R¥
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(i=1,2,3,m, and j = 1,2,3).

These equations can be rewritten in matrix notation as:

g% . R*'= p*

where - -
o, O 0 8 1
0 %92 0 ®n2
gt =
0 0 833 0 s
Mi%1 2% M3 Dwio A%t A3l

% * % ok oK g% _‘ * .
and R* and p* are column vectors {R 2 3 R } and {p Py Py (Vo - A V3

. * .
Amz V2 >\n3V3) } respectively. Expansion of 6 by cofactors of the first
row yields
e¥] = -98;,8,,85,2
o, g, 4
"where A = - + —_—
S ™Y %y M3 By,

911
The )\'s, 6's, and o's are all positive. Therefore, A >0 .

Using Cramer's rule we derive the following results:

)
177 91 1 ) 1 93 N % ml %9 .
153 L\ i 5, T e 5, T T An3 6,5 /P17 0, An2 5, °2
0 o 9 (9.1)
mi 3 % —]
- A, TP + vE )
e" m3 933 3 ” >\n1 1 )‘mz 2 >~tn3
* 17 0-1 %* <I2 % O3 &
m "8 e TP Y e T, P2 An3 5, ©3
(10.1)
.

* * _ gk
F O V7 + AV + A V5 - V) |

The solutions for R”Z’ and R'g are similar to that of R’: and can be derived by
changing the subscripts in (9.1). These equations clearly show how changes in

-
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commodity prices and factor endowments will affect the returns to factors of
production. An increase in Vh, the mobile factor, other things being equal,
will lower its reward but raise the return to specific factors. Any increase
in the endowment of specific factors on the other hand will reduce their re-
turns and raise R,m.5 These and other results are rigorously derived in
Section V. |

It should be noted that factors of production might be specific due to
their inherent nature or reasons of technology. In most cases, at least some
inter-sectoral mobility takes place in the long run. In the very short run
almost any factor will assume some characteristics of a specific factor. In
generél, therefore, our model will be better suited for shért and medium,

rather than long run analysis.

III. A Generalization: The (nt+l1) x n Case
The four-by-three model can be readily extended to the general case of
(n+l) factors and n sectors. Retaining all the assumptions stated in Section 2,
-let us assume that there are n specific factors, one in each sector, and one
mobile factor (denoted by subscript m). As before, each sector uses the mobile
factor and a specific factor. Equétions (1.1) to (4.1), which represent tech-

nology and factor endowments, can be stated as

A+X =V an
where
- o ] - o
~ - v
a7, 0---------0 X 1
\'
A = 0 322\ 9 , X = X)| and v = ’2
‘ S } X 1
! \\ t 1 '
5 o : :
S '
T X_ -
ml - """ T T8,
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The output and input prices, equations (5.1) to (7.1) can be written as
A'R=0p (12)

where A' is the transpose of A, and R and p, respectively, are column vectors
of factor rewards and output prices. The technological coefficients, aij’
will continue to depend on relative factor prices as stated in (8.1).

Now we have (n+1) equations in expression (11), n in (12), and 2(nt+1)
in (8.1). Together they determine (n+1) factor prices, n output levels, and
2(n+1) coefficients of technology. Factor endowments and output prices, the V
and p vectors, respectively, are treated as parameters.

Using the symbols defined above (), 0, and o), effects of small, exogenous

changes in parameters can be derived as follows:

3 o R - (Z yRY = v - 32 *
St TRt G A %) R T Y T A s a3
i=1
* * _ % _

Equations (13) and (14) can be rewritten in matrix notation as:

*
G'R* = p*
where ]
Oy 0 o ™ O
*
e
' 1
0--- -'—enn Omn
n
(o O, .__=2X2
1% 2% i WL

*

*
and R and p  are column vectors {R? R, == ~--~ R;}

% n
e T LR SRR W TP
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respectively. Expansion of § by cofactors of the first row gives

% n
|[e¥] = -151 0;; D
where
n Ui
D= Z e i=] - = - n .
127 Mt B, ’ g

Using Cramer's rule:

O, n C. e n g
*,_1[ x4 1 5 __1_)*_%2 _i *
= N P, - . P
7D L Ok Cx 17k Mut 557 K O ik Mt 81 1
5 ke W - 3 v*)]

n o n
Rm=—1])—[_i§1 &ni@ipﬁ + 151 \niv?. B V:!:I
It 1is easily verified that for n=3 and k=1, the above results are reduced to
(9.1) and (10.1) respectively.

Although the general case is of considerable theoretical interest, for
all practical purposes, the four-by-three model is more than sufficient to deal
with income diStribution effects of a wide range of policies. In most devei-
oping countries like Ghana, to which the model is applied in"ZQIQ paper, data,
in their present state, will not permit reasonable estimates for the parameters
of even the smaller model. Larger models therefore will be definitely in-

tractable. For the rest of the paper, we revert to the four-by three model

which is illustrated by the Ghanaian case in the next section.
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IV. An Illustration: The Ghanaian Economy

It is difficult to approximate any real life economy by a simple
theoretical model. The difficulties increase enormously in the case of
developing countries where a host of conceptual and empirical problems arise.
For example, it is often difficult to delineate sectors because of over-
lapping production activities, and data problems almost preclude even reason-
able guesses about parameters such as the elasticity of substitution between
factors of production. Moreover, in many cases, beside its more conventional
functions, the government is involved in foreign trade, manufacturing, farming,
etc., and the profit-maximizing calculus of a competitive economy will not be
very relevant to these governmental activities. Any '"realistic'" model, con-
sequently, is bound to be overly complicated, and perhaps devoid of all em-~
pirical content. In the present state of the arts, one can only take a step
or two towards reality by incorporating just the main features of an economy
in a theoretical model.

How well does the model outlined in Section II correspond to the
Ghanaian case? The Ghanaian economy is dominated by primary production, which
employs more than 60 percent of its labour force and contributes the bulk of
GNP. Cocoa is the main activity in the primary sector. Although value addea
in cocoa is less than 10 percent of the GNP in most years, cocoa accounts for
more than 60 percent of Ghanaian exports.6 The manufacturing sector is small
in size but growing fast; it recorded an average compound growth rate of 27.6

7 The Ghanaian economy can thus be usefully divided

percent during 1955-69.
into three sectors: cocoa, other primary production, and manufacturing. The
first two are the mainstay of the 'colonial' economic structure, and the third

is the harbinger of modernism and industrialization in Ghana.



Specific factors, which play an important role in the theoreticai
model, are a significant feature of the three sectors in Ghana. There are
trees in cocoa production, land in the case of farming, and machines and
other capital goods in manufacturing. In the short run, these factors hardly
move between sectors. In the long run, however;‘most factors can be trans-
ferred from one sector to another.8 Labour appears to have been the most
mobile factor in Ghana. Considerable migration of labour between regioné'
and industries has been recorded in both the 1960 and the 1970 censuSes.9

0f the other’factors of production, due to vastly different technologies,
there can be hardly any exchange of specific factors between manufacturing and
the rest of the economy, except in the long run. Cocoa trees by their very
nature cannot be shifted to any other sector. There has been a steady trans-
fer ofiland from farming to cocoa. In some regions, it is fairly common to
start with food cultivation, plant cocoa trees simultaneously, and in a few
years, completely swiﬁch to cocoa production. There is a long gestation
period: trees ﬁp to 7 years of age bear nothing, and those between 7 and
15 years of age produce less than half of a full yield.10 Thus it is doubt-
ful that much land could be moved back into farming, even if it were techni-
cally feasiblé, in response to say a decline in the relative price of cocoa.’

The dominant structural feature of the Ghanaian economy is that inter-
mediate goods play a rather unimportant role. An input-output study, based

on 1960 data, revealed that the various sectors had little dependence on each

other; most of their output went directly to final uses.

"The economy of Ghana, relatively to the typical industrialized
economies, has a low degree of complexity. The flows of output

are mainly directed to export and consumption, or to investment

in the case of construction, and are not processed or transformed

to any great extent by other productive activities. The economy 1
has weak linkages, weak structural connections between the sectors."
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The study, in spite of being somewhat outdated, suggests that conclusions
derived from a theoretical model which left out intermediate products could
be readily applied to the Ghanaian case.

The above discussion demonstratés,the relevance of the model set forth
in Section II to the Ghanaian economy. The fourfby-three framework, with both
specific and mobile factors, conforms well to the Ghanaian case. Ghana is a
price-taker in the world market for most goods. The producer price of cocoa
is fixed by the Ghana Cocoa Marketing Board, and therefore can be treated as
exogenous.12 For short run analysis, the assumption that other commodity prices
also are exogenous, is not very unrealistic. Many results of our theoretical

analysis can thus be usefully applied to Ghana.

V. Economic Policies and Income Distribution

Industrialization is high on the agéndg of mosf developing countries.
Toward this goal, governments often grant tax incentiQes, pursue protectionist
policies, subsidize industrial employment and in some cases provide capital,
either in the private or the public sector. Policies of price support and
subsidized production are also adopted in the farm sector. This section deals

with the income distribution effects of some of these measures.

At the outset, let us write some expressions for changes in relative

factor rewards. From (9.1) and (10.1) we have:

ok 1 * * ok 93 % %
(R ~Ry) ) [(Auﬂvl * Vot N3 VE V) F A o (p3 - py)
o (11.1)
2 * ]
A g (P - py)

22
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=13=-

_ Again, by solving (4.2) to (7.2) for R; and subtracting the solution from

(10.1), we get:

g o
1771 2 1
@®* -r*) = = | A + PN (¥ - p¥)
178 A L(Q.” w2 8y, T8, w18 P17 P
1 o * 1 93 % %
+ 3 (p PR) + 35— s (P2 - P,)
5, 3 5, Py TP3) Y5 A3 g (P Ry
N (12.1)
L3 * * % /__ _'I__ -l
LA S S P A >‘m3v3)\6” ",

Expressions for (R;'-Rz), (R: -R;), etc. can be similarly determined. For
brevity, the results derived below are stated in terms of (11.1) and (12.1),

but these can be readily extended to other factor rewards.

Production Subsidies:
An excise tax or a production subsidy drives a wedge between prices paid
by consumers and those received by the producers. Let pj be the market price

of the jth commodity, and t, the ad valorem rate of subsidy. Then the price

j
received by producers is sj pj, where sj = (14—tj). Equations (5.2) to (7.2)
will be altered to show the effects of the subsidy.13
e”R1 +8 RY = p’;‘ + s’; (5.3)
8,, Ry + °mzR:1 = ph+s, (6.3)
8,5 R§ + 9m3R:; = p’; + s (7.3)

In the solutions for factor rewards (R*'s) presented in (9.1) and (10.1),

(pi + s:) will replace p:. It is obvious that, as a result of a subsidy,
returns to both factors in the subsidized industry will go up. Furthermore,
for given factor endowments and unchanged commodity prices, changes in relative

factor rewards can be expressed by (11.2) and (12.2):
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* k. 1 0 93 4 % T2 % % ]
®u-®y) =52 a3 5 (53781) * Xy R (s,-8y) | (1.2
# %, _ 10771 92 1 1 * _ %
(Ry-Ry) =3 L<eH M2 3, * 5, 5, /%17%)
(12.2)
Ay T3 kogky oy 23k ]
e, e, G178 Yo An3 5,, °37%2)
1f 8* > 8% > g* (11.2) is negative and (12.2) is positive. Therefore

1 3 ?
R? >'R; and R? > Rgz returns to both the mobile and specific factors of a

subgsidized industry will increase, and the factor specific to the most heavily

subsidized industry will gain more than the specific factor in the least sub-

sidized sector.1

Increase in Industrial Capital:

As part of a program to industrialize, goverﬁments try to increase the
endowment of industrial capital. Witness, for example, the growth of publicly
owned industrial establishments in India, Ghana, and many other developing
countries. In our model let us assume that sector 1 is the manufacturing sector.
Increase in industrial capital is then tantamount to changing V1, the factor
specific to that sector. As a result, the marginal product of the mobile fac~-
tor in industry will rise, that of the specific factor will fall. Other things
being equal, Rm will rise, attempts will be made to increase the ratio of
specific to mobile factor in other sectors also; consequently, the returns to
all specific factors will fall. Obviously, (R;-RT) will be positive. From

(9.1, (10.1), and (11.1):

* *
aRl _ ¥m1 2n1 <0 aRm _ %n1 > 0
* - < > * >
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(R, ~’y) o1
av"f 9.”A ml

and

The effect on relative rewards of specific factors is somewhat compli-
cated and depends on factor shares. Differentiating (12.1) with respect to Vﬁ

we get:

%ok
3R] -K})

171
av’;‘ S

1
4 - a X Y
6.” 922/ m]
which is E 0 as 011 2 022 . Thus if capital's share in manufacturing is

greater than that of the specific factor in industry 2, R2 will fall more than

R. when V1 increases. The extension of this result to other specific factors

1

is obvious.

Change in Commodity Prices:

The assumption crucial to the aone findings, as also to the model in
general, is that commodity prices are exogenously determined, which is true,
for example, for a small country that is a price-taker in the world market. A
change in commodity prices can significantly affect the development program
and the income distribution of a country. In Ghana's case, for instance, cocoa
has been the main export. Changes in cocoa prices will affect Ghana's balance
of payments, its ability to import capital, and other aspects of its economy.

The effects on income distribution can be determined from equations (9.1)

to (12.1).1°

From (9.1):

oR¥ - -
i 17 i 1 j —‘
® = %A +t5— = AT >0 and

oy ALmi® 78 ggs Tny B ’
*

oR ] O .

i . .1"mi i L

o [N L% O <0, iftj. (9.2)
j
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And from (10.1):

OR* o,

m ir, i
" 5 i T —l > 0. (10.2)
Pi ii

In other words, for given factor endowments, an increase in the price of a

commodity will lead to a higher return for its specific factor and the mobile

factor, but lower returns for other specific factors in the economy. The

opposite will hold for a decline in commodity prices.

If more than one commodity price rises at the same time, the effects on
relative factor rewards can be determined from (11.1) and (12.1). Assume, for
example, that p? > P§ > P; . Then (R;-Rﬁ) <0 and (Rﬁ -R;) >0. Also

(R; -Rg) > 0_,]6 so we have the following result:

* * %
R.l > Rm > R2
Nothing definite can be said, however, about Rg and how it relates to other

factor rewards without knowing the magnitude of the price changes.

Factor Taxes and Subsidies

Historically, taxes and subsidies on factors of production have played
an important role in economic development. After the Meiji Restoration in
Japan, for instance, heavy taxes on agricultural land were levied to finance
industrialization. And capital and employment subsidies are often given to
the industrial sector in many developing countries of today. The objective
inlmost cases 1s to modify the market allocation of resources in favour of
a particular sector, or just to raise revenue.

Let R; denote the return to the ith factor after taxes and subsidies.

Then
R = b.R, , bi=(1+5i)
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where 61 is the per unit subsidy on factor i. To illustrate, let us assume
further that there is a tax on the specific factor and a subsidy to the mobile
factor in sector 118 We use primes (') to denote terms in the tax case. For
example, e;] is the net of tax share of the specific factor in industry 1.

Let 913: and qmr: be the shares of the taxes on the two factors

in industry 1. Then

' T T _
o0y 7 8y Tty =

1]
%11
We also assume that taxes and subsidies are small, so that e'f]/e;1 and

e:ﬁ]/Qm1 <1 . Equations (4.2) and (5.2) are then replaced by (4.4) and (5.4).

M9 B+ B+ 0, By + Mus®3R3 = D7 *+ Mo + Mads)

* _ ok !
R b A1 (4.4)

= oF _ T % ; T %
6y9R] + 0, ,Rn = Py - 8yqby - 6bn (5.4)

The other equations remain unchanged. In the final solution for R? and R;,

* * * * T . %
R1 will be replaced by (R1 + b1) and P; by (p1 911 11 - em1bm) . The

following derivatives can then be readily obtained:

|

R¥ o, o 9
] 1 T T %9 1 7\m1 1 ml
C— = e of e ( ' + ] < o
ab?; A [ 11 O 8, e11 An2 O >m3 933 8

* T
' 0

m 1 ! 11
3b% " [’hﬂ op @ 9;1)] > 0

1)
I R T
A’ [t 1 % 1 A O ] <o.
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A tax on the specific factor, thus, lowers its return but benefits the
mobile factor. A subsidy to the mobile factor will raise its return. These
" results are easily explained. As a result of a tax on the specific factor,
industry 1 will try to substitute the mobile for the specific factor, leading
to an excess demand for the mobile factor and hence an increase in Rm. A
subsidy to the mobile factor will also have the same effect. In both cases
ratios of specific to mobile factors in the rest of the economy will rise.

The rewards to other specific factors therefore will also decline.19

VI. The Ghanaian Case Once Again

Since the model was illustrated with examples from the Ghanaian economy
in Section IV, let us see how some of the theoretical results derived above
apply to the Ghanaian case. Clearly, for a definitive answer, information on
the parameters of the model such as Ui’ eij’ Aij’ and the facts about income
distribution will be needed. Our present knowledge on both these scores is
very meagre. To quote Killick (1973, p. 4.30),

"The importance of income transfers, the very large

numbers of self-employed, incomplete occupational special-

ization, and weaknesses of statistical services conspire to

prevent even the roughest estimates of the overall distri-

bution of the national income, but something can be said

about particular groups within society."

What we need are data, by sectors, on factor rewards, prices, etc., which are
not readily available. We can, therefore, at best check if the available
facts, however scarce, are roughly consistent with the theoretical results
derived in this paper.

with manufacturing, X

Let us identify X with farming, and X3 with

1 2

cocoa. Vh, the mobile factor, is labour. The prices relevant to our model

are producer prices. One of the most significant economic developments for



-19-

Ghana since 1956 has been the steady decline in the producer price of cocoa:
it declined from N¢ 298.6 per long ton in 1955-56 to N¢ 149.3 in 1965-66,
before starting an upwardvmovement.z0 No separate index of producer prices of
farm products is available. A fair proxy for it, however, is an index of
market prices of locally produced food, and it rose from 78.4 in 1956 to 199.0
in 1966 (base 1963=100).2] Not much information on prices of manufactured
goods has been compiled either. The consumer price index (base 1963=100), in
which local food has a weight of 0.52, rose from 78.7 in 1956 to 148.2 in
1966.22 This index includes manufactured goods also, but their prices are not
separately mentioned. 1In any case, their weight does not exceed 0.01. Because
of this scarcity of information, we assume that prices of farm products and
manufactured goods increased at the same rate, i.e., (p? -pg) = 0. We can be
sure, however, that both (pg -pg) and (p? -pg) were positive between 1956
and 1966.

Setting pz = pﬁ in (9.1) we have:

o o o
% 1 ( 1 2 1 3 N % ml 3
R = - k — >‘ —'———X 'p =P
1T N T e T, T e TP T e s T P
(9.3)
%u1 * % * !
+ 1 (Vm - >tm'|v1 B )‘m2v2 - X3V3)_s

Since pg < 0, and population probably grew faster than the weighted average of

3 *
. * .. * *
changes in specific factors (151 Amivi ), R1 > 0. Similarly R2 > 0, but R3 will

be negative. Decline in cocoa prices thus definitely hurt cocoa farmers and

increased the return to specific factors in other sectors.
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Whether manufacturing benefited more than farming depends on the share of

the specific factors. Set p?; = p’; in (12.2) to obtain (12.3).

* _o%y _ 1 1 1 * _ % * * * _ * i _ 1
Ry -Ry) =3 Ke o) >(P1 P3) + (V- V7 = A Vs = A3 V3) (e 9 i’
11 %22 n 22
(12.3)

For given factor endowments the sign of (12.3) obviously depends on 9.” and 922
because (p? -pg) > 0. However, there are hardly any data on factor shares in
Ghana. All we know is that agriculture employs a larger fraction of labour than
manufacturing ()\ttlz > }m ), but that does not give any indication about factor
shares. We can only conclude, therefore, that R? 3 R; as 9]1 § 922 e In

this context, it should be noted that part of the increase in farm incomes (R2)
would have gone to cocoa farmers in regions where these two activities are

combined.

These results are easily explained. In response to a decline in cocoa

A
prices, resources must have moved out, especially labour, leading to higher Vg’
v v m
but lower T and Gz- . Consequently, the marginal productivity of V1
m m

and V2 would have increased, at the expense of that of V3. This argument also
suggests that the marginal product of labour should have fallen in both manu-
facturing and farming, but it does not follow that wage rate (real or nominal)

should also be lower. We know from (10.1) that BR;;fap: > 0: decline

in cocoa prices, per se, would therefore reduce wages, but the rise in
manufacturing and farm prices could offset the influence of the fall in the
price of cocoa. Besides, the labour force and other factors have been growing,

albeit at different rates. The net effect of all these variables on wages can be

*

determined if the parameters of the model are estimated, and data on V?, Vz, V3

%
and Vm are collected.
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No such data, however, are available at present. A lot more information
needs to be compiled on returns to specific factors, their rate of growth, and
other variables before the theoretical results of the model can be properly
verified. Pending such empirical work, these results can be treated as simply
testable hypotheses.

Some suggestive empirical evidence is provided by data on net payments
to cocoa farmers. From N¢ 78.8 million in 1956-57, the payments declined to
N¢ 71.0 million in 1959-60, increased in 1960-61 to N¢ 96.5 million, but
declined again to N¢ 84.9 million in 1963-64. There was a bumper crop in
1964-65, so the net payments reached a record N¢ 115.3 million, although the
producer price remained unchanged. During the next two years, however, the
payments dropped to N¢ 61.1 and 63.6 million, respectively.23 Estimating
the return to specific factor in cocoa from these and other data is a formidable

task in itself and lies outside the scope of this paper.

Conclusion:

We have presented in this paper a theoretical structure for analyzing
the income distribution effects of several policies of economic development
which are generally followed in a developing country. With Ghana as the back-
drop, the strﬁcture of the economy is described by a model with four factors
and three sectors., The distributional effects of various policies depend on
structural parameters such as elasticities of substitution, factor shares, etc.
'Although data problems preclude precise estimation, we have shown that the
theoretical results derived here are consistent with some of the‘recent economic
developments in Ghana. It should be noted, however, that the model is not a
complete model of income distribution, but rather a theoretical framework for
‘discussing how economic policies, although not specifically aimed at changing

the distribution of income, have distributional effects.
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Footnotes

1These distributional goals usually refer to the size distribution of
income which is related to the functional distribution. The relationship
between the two distributions is not discussed in this paper although it can
be expected, for example, that any policy which increases the relative share
of wages will also lead to a more equal size distribution because wages are
generally a larger fraction of income at the lower levels.

2For a detailed application of this model to the theory of distribution,
see Johnson (1971).

3 s ) .
In the two-by-two model, for example, with two factors which are mobile
between sectors, the competitive profit relationships are:

a.,.R, +a,.R

1M T3 % TPy

a1 Ryt aR, =Py

The R's thus depend directly on the p's. This is the well-known factor-price
equalization theorem. ~

4These and other equations are derived in Appendix A.

g

5The expression EJL occurs again and again and plays a key role in these
ii

solutions. Jones (1971) calls it the elasticity of the marginal product of

the mobile factor in the ith sector. The marginal product of Vm in industry

R
iis ;E . Elasticity
i e' = percent change in inputs
percent change in marginal products
ar *
e S M

= * £3
Rn - P
* * %* %
But p, = (911 Ri 911 Rm) + (emi + eii)Rm .
Substituting for pﬁ in the above expression, and using the definition of 0g

we get

03/8;5 = & -

6 See, for example, Leith (1973), Tables 2.1, 3.2, and 5.7, and the data
sources cited there.

7Leith (1973), Table 3.2.
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81n Ghana, most cocoa land is suitable for farming, but not all farmland
can be used for growing cocoa. Farmland which is unsuited for cocoa is ob-
viously specific to farming, but even better quality land will not be trans-
ferred to cocoa cultivation immediately in response to say, an increase in the
price of cocoa. In the Ghanaian case, therefore, we can either define the farm
sector to include only that land which is unsuitable for cocoa cultivation, or
define short run by a period of a year or less which is too short for moving
land out of farming into cocoa.

9For some analysis based on the 1960 Census, see Birmingham, et al. (1966),
Chapter 6. ‘ :

10This is based on the very informative discussion in Birmingham et al.,

Chapter 10.

1]Birmingham, Newstadt, and Omaboe (1966), p. 66.

]zFor a detailed discussion of the structure and policies of the Cocoa
Marketing Board, see Wehner (1964).

13We assume here that either the subsidies are financed by lump sum taxes,
or the subsidies vector sums to zero. Neither assumption undermines the
generality of the conclusions derived here.

*
14Rm > R*, but the signs of (R;'-Rg) and (R; -R;) will be ambiguous.

1530 far as the production side of the model 'is concerned, this case is
formally equivalent to the production subsidy case discussed above. Commodity
taxes and subsidies drive a wedge between the consumer and producer prices,
whereas a change in commodity prices, as a result of, say, commercial policy,
introduces no such distortion. The two policies, although equivalent on the
production side, will have very different welfare implications.

1 . *
6I'he expression for (Rm - R;) , not derived in this paper, is

(o)

1 I o) * * * 3 % %
8, O V7 A Vo H AV - V) N, D% (p3 - Py)
o3
Lok k]

17
Thus we cannot decide a priori the signs of (R; - Rg) s (R? - Rg) , and

* * . . . s

(R2 - R3) . This indeterminacy is inherent to the three-commodity framework.
*
1

% .

For example, if we assume pT > pz > pg, we can derive R, > R: > R3 , but

effects on R2 will be ambiguous.
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18For simplicity we assume that tax revenues just equal the subsidy payments.

19One difference between the taxed and untaxed sectors is that some units
of the specific factor in the former will be left unused to prevent an excess
supply of its output. Other specific factors will be fully employed. Since
commodity prices are exogenous in this model, excess supply in the goods market
can be eliminated by changing factor use. '

20Cocoa Statistics, December 1972.

21The index of market price of locally produced food is reported in
Chana, Statistical Year Book, 1963 (p. 110), and 1965-66 (p. 144).

221y% (1971), pp. 90, 91.

23Based on Cocoa Marketing Reports, various issues. These figures must
be interpreted with care. Firstly, these are total payments, not payments per
farm; and secondly, they represent cash sales, not net payments to the fixed
factor V.. Also, such payments will be significantly affected, especially in
the shor% run, by factors such as weather. .
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Appendix

Derivation of (4.2):

Totally differentiating (4.1') we get:

A AT TR Rl S eV < W
B Vo Vp 2 ey Voo Voo ey ey
Vi d 7 2m3 _ Wiy '
vooa,/ TV, 4.2%
m 33 m
S //im.\
\z ../ 3./
a a
. = 11 17 5,
1T AR TR

_ *
Lod(agyfa) = oo RY - RO) (ag/ag)

Take the first two terms on the L.H.S. in ¢4.2'). Substitute for d(am.l/a.”)

and multiply and divide by X.l . We have:

an % &y Y %, 2m1 %
a,. X T + v_ G‘l (RI - Rm) a,, X
1% n n 1%

But a X, =V

11 %1 , SO we can write:

1
&% * *
M1 Vit A o Ry - Ry)

Similar manipulation of other terms yields (4.2).

Derivation of (5.2):

Totally differentiate (5.1). We get:

a drR, + R, da

31 4Ry + Ry dag tay

= ]
1 dRm + Rm dam'l dp.l (5.1")

Divide each term by Pq x1 , and multiply by X'l’
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The first two terms will be:

a1 % @ L X, dayy
X 1 p. X
P1 % 1%

© Multiply and divide the first term by R1 and the second by a5

341 % dR a; %Ry da,,

Pi% 1 Ry P1°X1  °n

Thus we can rewrite (5.1') as (5.2').

el‘*+e a¥ + o

% * — *
vF A 1 Bn ¥ %1 2m T Ppc (5.2")

ml mi

But under perfect competition, for any given level of output, firms minimize

average cost while taking factor prices as given. Thus (5.1') reduces to

R1 da11 + R.m dam.l = 0

which in turn leads to

%* * = ‘ '
8,87 *+ 8 an 0. (5.3')

By substituting (5.3') into (5.2'), we derive (5.2) in the text.
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