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Substitution Elasticities in the Large-Scale
Manufacturing Industries of Pakistan

A. R. KEMAL"

This paper examines substitution elasticities between capital and labour in
the manufacturing sector of Pakistan. It is found that whereas the substitution
possibilities between the capital intensive and labour intensive techniques of
production are rather limited, the substitution possibilities between various activi-
ties do exist. It is also found that changes in capital-labour ratio have a signifi-
cant influence on the substitution elasticity and as such CES estimates, in general,
are biased.

Factor-market distortions in Pakistan have reduced welfare by inducing
‘wrong’ specialisation and the adoption of capital-intensive techniques ill-suited
to the country’s factor endowments. These consequences of factor-market distor-
tions are important because capital-intensive techniques of production and/or
capital-intensive activities create far less job opportunities compared to the situation
in which labour-intensive techniques of production are employed and/or country
specialises in the labour -intensive activities. The removal of such distortions should,
therefore, enhance social welfare by promoting a higher growth rate of GNP and by
easing the unemployment problem. Thus a systematic exploration of the possibili-
ties of factor substitution should be of considerable significance for economic analy-
sis and policy making. If the elasticity of substitution is large, a small reduction in
the relative prices of labour would lead to a rapid growth of employment. On the
other hand, if it is low, the removal of distortions from the factor market will not
have much effect on the choice of production techniques. Moreover, even if the sub-
stitution elasticity is low for each industry but is significantly high for the manufac-
turing sector as a whole, the appropriate changes in factor prices would lead to an
increase in welfare by inducing specialisation in the right direction. Furthermore,
a low substitution elasticity would imply a rather limited choice between production
techniques, and as such it will highlight the importance and need of developing new
and appropriate techniques. In view of these considerations, the importance of
determining the magnitude of the relevant elasticities. of substitution should be self-
evident,

y *The author is Chief of Research at the Pakistan Institute of Development Economics. He
is deeply indebted to Professors Syed Nawab Haider Naqvi, A. K. Sen and T. N. Srinivasan for
their helpful comments on an earlier draft of the paper.’
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In this study, we shall estimate the elasticity of substitution for 16 different
manufacturing sectors and for the large-scale manufacturing sector as a whole in
order to see the role of relative prices in influencing the specialisation and the adop-
tion of production techniques. We shall estimate the elasticities by specifying a
VES production function. These estimates are also compared with those obtained by
specifying the CES production function. .

The plan of the paper is as follows. In the first section is reviewed the litera-
ture related to the estimation of substitution elasticities. In the second section,
methodological and data problems are discussed. The estimates of substitution
elasticity are reported in the third section, and then compared with those of other
developing countries in the fourth section. Limitation of the analysis, policy impli-
cations, and major conclusions are summarised in the fifth, sixth and the seventh
sections, respectively. In addition, there are two appendices in the paper. In
Appendix I are discussed the general concepts of production functions and the
elasticity of substitution derived from them. Appendix II presents detailed estimates
of the production function.

I. REVIEW OF THE LITERATURE

To determine the possibilities of substitution between capital and labour in
the developing countries, a number of studies have been made — for example, those
by Roemer [21], Reynold and Gregory [20], Katz [11], Sicat [23], Oyelabi [18],
Harris and Todaro [8], Diwan and Gujarati [7], Bruton [6], Rehman [19], Kazi
et al [12],etc.' The elasticities of substitution have been estimated by using both
the cross-section data and the time-series data. These studies show that the substitu-
tion elasticities for individual industries are generally lower than those for the manu-
facturing sector as a whole, while for a number of industries the elasticities have
been very low, often insignificant. For example, Diwan and Gujarati [7] have found
that in 17 out of the 28 Indian manufacturing industries which they studied, the
elasticities of substitution were not significantly different from zero. Similar results
have been reported for other countries as well. In the case of Pakistan, the only
relevant study was done by Kazi et al. [12], which showed that the possibilities of
substitution were rather limited for Pakistan as well.

An interesting finding of these studies is that, in general, the elasticities of sub-
stitution, estimated by using time series data, are lower than those obtained by using
cross-section data. These results are plausible because of the dominance of the
cyclical phenomenon and the simultaneity between the inputs used and the outputs
produced in an industry, the time series estimates of the substitution elasticities
impart a downward bias to the substitution elasticities. On the other hand, for the

!For a comprehensive survey of substitution elasticities in the developing countries, see
Bhalla [3].
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cross-section data the production function may not even be identified because the
relative prices are not expected to vary systematically or unidirectionally across the
firms; the differences in the input ratios across firms are due to factors other than the
changes in relative prices of inputs. In view of the identification problem in a cross-
section study, we will limit ourselves in this study to the time-series analysis only.

The estimates of substitution elasticities for the other developing countries
as well as for Pakistan have, in general, been obtained by fitting CES production
functions, which implicitly assume that substitution elasticities are unaffected by
changes in capital intensity. Hence, to the extent the elasticities are affected by
changes in capital intensity, estimates obtained through CES will be biased both
upwards and downwards. Hildebrand and Liu [9], Liu and Fletcher [16], Yeung
and Tsiang [24], Sato [22] and others have developed VES production functions
which allow the elasticity of substitution to vary with changes in the capital-labour
ratios. Accordingly, VES production functions for the manufacturing industries of
Pakistan have been fitted to obtain estimates of elasticities of substitution. This
analytical strategy will permit us to determine the role of input prices in the adop-
tion of capital-intensive techniques. Elasticity estimates have also been obtained
by fitting the CES production function even though our major emphasis is on the
VES production function. CES estimates are useful in the present study, firstly,
to see the extent of bias in the elasticities of substitution across different industries
due to CES production functions, and, secondly, to compare our results with
previous studies and those for the other developing countries for which only CES
estimates are available.

II. METHODOLOGICAL AND DATA PROBLEMS

Since both the CES and the VES production functions are highly non-linear,
they cannot be estimated directly by the Ordinary Least Squares (OLS). However,
they may be estimated directly either by non-linear techniques or by linearising the
function. Alternatively, both the CES and the VES production functions can be
estimated indirectly by postulating the relationship that marginal product of labour
is equal to wages or that the marginal product of capital is equal to the interest rate.
Because these methods are quite well known, we shall discuss them only briefly.

Non-linear maximum likelihood estimates of the CES production function,
developed by Bodkin and Klein [4], are the estimates obtained through an iterative
process which minimises the error sum of squares. However, because such maximum
likelihood estimates are very sensitive to the choice of initial values of the
parameters and are fraught with computational difficulties, direct estimation has not
been used in this study. See Nadiri, [17].

CES production function may be directly estimated after linearising the func-
tion. Following Kmenta [15], we obtain the following relationship by expanding
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CES production function around p = 0

Ln(V/L)=LnA, + () LaL + v(i ~8)Lnk - %upb (1-8) (Lnk)* .. (1)
where

= Value added,

= Employment cost at constant prices of 1959-60,
Capital assets replacement, i.e. value of the fixed assets,
= Substitution parameter,

= Distribution parameter,

= Scale parameter, and

= K/L.

=T OB =<
1l

Constraining the production function to constant returns to scale,i.e. v=1, gives us
the following relation

Ln(V/L) = Ln/A, + A+ (1-8) La(k) - %pd (1-8) Lok ..
where

A = Technical change, and
i Time.

Relations-(1) and (2) can be estimated by OLS and coefficients of Ln(k) and
(Lnk)? yield the estimate of p.

Assuming perfectly competitive product and factor markets, well-behaved
production functions and constant returns to scale, differentiating the CES produc-
tion function with respect to labour, and equating the marginal product to wages, we
obtain the following relation.

Ln(V/L) = a; + (1—o)AT + oLnW i .. .. (3)

where

1 -
a, = 1+;;LnAg(1_8) 1 and

W = wages per worker.

The relation (3) may be estimated by the OLS The coefficient of ‘LnW .is the
elasticity of substitution. Therefore, we estimate elasticity of substitution \.wtl‘lout
directly estimating the CES production function. The attractive feature of indirect
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estimation is that it does not require capital stock data, the correct estimates of
which are not readily available. All it requires is a time-series of output per labourer
and the wages. However, the relationship (3) has been derived on the basis of the
assumption that factor and product markets are competitive — which is not a very
realistic assumption because both these markets suffer from various distortions.
These distortions are partly institutional and partly due to the protection and other
government policies. For imperfect markets, Katz [11] has derived the following
relationship by assuming profit maximisation

(A+E,;)
Ln (V/L) = a, + (1=0)\f + oLnW + oLn "% )

(1+Epy)

where

E, 1 is the inverse of wage elasticity of demand for labour; and

Epy is the inverse of the price elasticity of demand for the product.

Therefore, in a country like Pakistan, where markets are imperfect, the
estimates of substitution elasticities obtained through relation (3) involve an assump-
tion that the term (1+EwL)f (1+Epy), i.e. the degree of imperfections in labour and
product markets, remains constant over time. It may be noted that although factor
and product markets in Pakistan are distorted, yet the magnitude of distortion in
labour market relative to that in capital market has not changed over time in any
significant way, as shown by Irfan [10]. The same is true of the product markets.
It can be assumed that the degree of imperfections in labour and product markets in
Pakistan has remained constant over time, and equation (3) may be used for estimat-
ing substitution elasticities.

For the variable returns to scale?, the following relation can be derived from
the CES production function.

o
) Af + 6Ln W + bLnV .. L )
1-0

L(V/L) =a, + (
where

[
Bimbriiasils In (1A VP (@ -o)
1410

21t may be noted that variable returns to scale are incompatible with the Euler theorem
and perfectly competitive market. However, in the presence of imperfect markets in Pakistan,
the indirect relationship can be derived for variable returns as well.
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The VES production function is also non-linear and is indirectly estimated by
assuming the equivalence of marginal product and returns to the factor of produc-
tion. On the basis of this assumption, we get the following relationship.

Ln (V/L)=a +bLnw + cLnk - s ¥ s (6)

b

Elasticity of substitution A
1-c(1+wl/tk)

The relation (6) is modified to (7) if Hicks neutral disembodied technical
change is assumed

Ln= (V/L) = a+bLnw + cLnk + Af .. . s (7

Equation (7) may be estimated by OLS and b and ¢ may be used to estimate the
elasticity of substitution which varies with the changes in capital-labour ratios.

Yeung and Tsiang [24] have generalised the VES production function by
including the level of employment as additional variable, i.e.

Ln (V/L) =a+bLnw + cLnk + dLnL + At Bt o (8)
where d is the scale parameter.

In order to estimate both the CES and the VES production functions, the data
drawn from the Census of Manufacturing Industries (CMI) have been adjusted for the
non-response and the errors in the estimates of capital stock. Corrected and adjusted
figures are taken from Kemal [13, 14]. It should be noted that the CMI data suffer
from the problems which such data in other developing countries also suffer from —
e.g. in order to avoid taxes, the producers have a tendency to understate production
and overstate their costs of production. However, there seems to be no reason to
believe that there has been any significant change over time in the understatement
of production or the overstatement of cost. Hence, these data can confidently be
used to estimate the elasticities of substitution.

III. ESTIMATES OF SUBSTITUTION ELASTICITIES

In this section we report the elasticities of substitution between capital and
labour in sixteen different manufacturing industries and the manufacturing sector of
Pakistan. As pointed out in the introduction, substitution elasticities are not
generally invariant with respect to changes in the capital-labour ratios. We shall
focus on the estimates obtained through the VES production function which allows
for changes in the elasticities with respect to changes in the capital-labour ratios.
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However, we shall also present estimates obtained through the CES production
function to determine the degree of bias in these estimates and to compare the
elasticities of substitution with those in Pakistan reported in the previous studies and
those in other developing countries which have been obtained only through the
estimation of CES production function.

Elasticities of substitution, assuming both the constant and the variable
returns to scale, estimated through the VES production function, are reported in
Table 1. It should be evident from the table that elasticity of substitution is statisti-
cally significant in only five out of sixteen industries if constant returns to scale are
assumed. This shows that the substitution possibilities between capital and labour in
different manufacturing industries have been rather limited. If we allow for variable
returns to scale, elasticity turns out statistically significant in more industries but still
it is significant in less than half of the industries. The elasticities which were insignif-
icant in the cases of footwear, paper and paper board, printing and publishing, rubber
and rubber products, non-metallic mineral products and non-electrical machinery,
when constant returns are assumed, turn out to be significant when we allow for
variable returns to scale. It may be noted that the elasticity of substitution is highest
in footwear, leather and leather products, printing and publishing and the miscel-
laneous industries. These industries have a great development potential in Pakistan
and the adoption of appropriate techniques can help a gréat deal in the evolution of
an efficient industrial structure in Pakistan.

In Table 2, we have compared the VES and the CES estimates of substitution
elasticities. It shows significant differences in the elasticities obtained through the
CES production function compared to those obtained through the VES production
function. When the CES production function is specified, substitution elasticity is
statistically significant in only three industries® while the elasticity was statistically
significant in five industries when the VES production function was specified.
Similarly, when variable returns to scale and the CES production function are
specified, the substitution elasticities are significant only in five industries; the corre-
sponding number of industries is eight when VES production function is specified.
Moreover, not only the significance but the magnitude of elasticity is also affected.
Similarly, for the large-scale manufacturing sector as a whole, the CES production
function leads to a mis-specification of the production function to the extent
that the estimates are not only lower but also are insignificant in the CES specifi-
cation. These results show that if the CES production function is specified we shall
erroneously conclude that in a number of industries and the manufacturing sector as
a whole, the changes in relative prices are not going to influence the production tech-
niques,

31n order to see if there were any differences in the short-run and the long-run elasticities,
we specified Nerlove’s lagged adjustment model, i.e. the adjustment is only partial during a year.
However, the substitution elasticities are not much affected and have remained insignificant in
most of the industries,
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Table 1

Elasticities of Substitution Corresponding to VES Production Function

Value of Elasticity

Name of Industries When Constant When Variable
Returns to Scale Returns to Scale
are assumed are allowed
Food Manufacturing 1773 o (2415
Tobacco Processing 1.7429 —7.9464
Textiles 2520 3914
Footwear —.0804 1.7063*
Paper & Paper Board —.7284 0.1235%*
Leather & Leather Products 2.6630* 1.6580*
Printing and Publishing —.6020 2.0207*
Rubber & Rubber Products 5565 .7784%
Chemicals & Chemical Products 6030 2984
Non -Metallic Mineral Products 4133 —.9000%*
Basic Metals —.4248 1830
Metal Products .5304* 1868
Non-Electrical Machinery .3668 .0160*
Electrical Machinery 5568% —.1018
Transport Equipment 1.1189%* —.2184
Miscellaneous Industries .4030%* 2.0230*
Total: Manufacturing Sector .6659*% 0.8791*

* = Significant at 5 percent level.

It should be quite clear from the preceding discussion that the substitution
elasticities remain generally low and insignificant whether we assume constant
returns to scale or the variable returns to scale, whether a partial adjustment or the
instantaneous adjustment is postulated within the framework of both the CES
production function and the VES production function. It follows that the mere
removal of distortions in factor markets through appropriate changes in factor prices
may not be sufficient to induce a switch-over from the existing capital-intensive
techniques to the labour-intensive techniques of production in most of the indus-
tries, as dictated by the pattern of factor endowment in Pakistan. In addition, the
technology set will have to be significantly broadened to bring about the required
changes in the levels of capital intensity in each industry. However, it is not to say
that the removal of distortions will not play any role in increasing gross national
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product in the absence of the development of indigenous technology. As a matter of
fact, because of the significant and quite high elasticity of substitution for the
manufacturing sector as a whole, changes in relative prices of capital and labour will
result in reallocation of resources to labour-intensive industries and thus in increasing
the gross national product. The welfare in the sense of an increase in output per
capita will be increased further if the technology set is broadened and changes in
relative factor prices lead to adoption of labour-intensive production technique.

Table 2

Comparison of CES and VES Substitution Elasticity Estimates

Elasticities correspond-  Elasticities correspond-

ing to Constant ing to Variable
Name of Industries Returns to Scale Returns to Scale
CES VES CES VES

Food Manufacturing 864 1773 —.0106 1212
Tobacco Processing 1.7161 1.7429 1.0517 —7.9464
Textiles 5189 2520 6046 3914
Footwear 1:7516* —.0804 1.5457* 1.7063*
Paper & Paper Board —.0512 —.7284 5946**  0.1235*
Printing and Publishing 2.6552* 2.6630* 1.9154%* 1.6580*
Leather & Leather Products 5630 —.6020 4199* 2.0207*
Rubber & Rubber Products 1877 5565 .3237 .7784*
Chemicals & Chemical Prods. 2943 .6030 1182 .2984
Non-Metallic Mineral Prods. —.3956 4133 AB73* —.9000*
Basic Metals 0550 —.4248 —.1458 .1830
Metal Products .2099 .5304* .5445%* .1868
Non -Electrical Machinery 0790 3668 © . .0072 0160*
Electrical Machinery 1427 5568% .0963 —.1018
Transport Equipment —.1677 1.1189* —1.1307 —.2184
Miscellaneous Industries 1.3724* .4030%* 1.8455* 2.0230%*

Total: Manufacturing Sector .5824%*%*  6659* IO ILIRER: BTG+

Significant at 5 percent level.
Significant at 10 percent level.
Significant at 15 percent level.

%
HEE
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IV. COMPARISON WITH SUBSTITUTION ELASTICITIES IN
OTHER COUNTRIES AND THOSE REPORTED IN
PREVIOUS STUDIES

It is interesting and useful to compare the substitution elasticities observed in
Pakistan with those of other developing countries. Since estimates for other develop-
ing countries are available only for the CES production function, our comparison will
be restricted to the CES estimates. In Table 3, we compare the elasticities of substi-
tution between capital and labour in various industries of Pakistan, Argentina,
Bangladesh and India.

It may be seen from table 3 that substitution elasticities in general are low
in the other countries as well. This shows the lack of developing indigenous technol-
ogies in the developing economies.

In Table 4, we have compared the substitution elasticities of the manufactur-
ing sectors of Pakistan, Argentina, Chile and Israel. It shows that the elasticity of
substitution for Pakistan’s manufacturing sector is higher than the elasticity for
Argentina’s but lower than the elasticity for Chile’s and Israel’s manufacturing
sectors. It all shows that while the substitution elasticities for individual industries
are low, they are high and significant for the manufacturing sector as a whole in the
developing countries and Pakistan is no exception to that.

There has been only one study to estimate substitution elasticities for different
manufacturing industries, i.e. the study by Kazi eral [12]. Results reported in this
study confirm the conclusion of that study that the elasticities in the case of individ-
ual industries are nsignificant. However, the results of the two studies do differ for
the manufacturing sector as a whole. While the results of [12] show a lack of
substitution between capital and labour, the present study shows the existence of
substitution possibilities between capital and labour in the manufacturing sector of
Pakistan, though at the 15-percent level of confidence. The difference in the results
for the manufacturing sector in the two studies arise due to different time periods
and the differences in the nature of data employed. The study by Kazi et al. was for
ten years over the period from 1954 to 1969-70 while the present study is based on
data for eleven years from 1959-60 to 1969-70. However, the mere change in the
two time-periods should not make much difference and for each industry results of
the two studies are not very different. The main factor responsible for the difference
in case of the manufacturing sector as a whole is that the data used in this study are
fully adjusted for undercoverage while in [12] unadjusted data are used. Although
wages and value added per labourer for each industry remain more or less unaffected
by the adjustment process, yet for the manufacturing sector as a whole the wages and
value added per worker change significantly because undercoverage varies signifi-
cantly across the industries over time. Therefore, these adjustments have led to the
differences in the results for the manufacturing sector.
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Table 3
Comparison of Substitution Elasticities for Developing Countries
Substitution Elasticities in
Name of Industries
Pakistan  Argentina Bangladesh  India

Food Manufacturing .09 0.28 0.37

Sugar - — - —.24

Vegetable Oil 21
Tobacco Processing 1.72 0.22* 0.60 -
Textiles 0.52 0.26* 0.34*

Cotton Textiles 0.04

Woollen Textiles .06

Jute Textiles 44
Footwear 1.76* — — -
Paper .05 0.21 0.48%* 0.94
Printing & Publishing 2.66* 0.87* 0.50%* -
Leather 0.56 1.00% 0.64* 0.07
Rubber 0.79* 0.16 0.36 -
Chemicals 29 .03 0.32% —

Paints & Varnishes .19

Soap 26

Matches .38

Drugs .06
Non-Metallic Mineral Products — 40 —0.09 0.54

Cement 0.9752

Glass .0435

Ceramics .2594
Metal Products 21 1411
Non -Electrical Machinery 81 10 S3%

Sewing Machines .02
Electrical Machinery -1.3

Electric Lamps .66

Electric Fans
Transport Equipment

Bicycles .17 05 .38 0.05

Sources: Rehman [19], Katz [11], Diwan and Gujarati [7].

* = Significant at 5 percent level.
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Table 4

Comparison of the Elasticities of Substitution of
Manufacturing Sector of the Developing Countries

. _ Production Value of
Countries Period [Function Elasticity
Pakistan 195960 to 1969-70 CES .58
VES .88
Argentina 1943 to 1953 CES 0.26
1954 to 1961 CES 043
Chile 1954 to 1965 CES 0.21 (Short-run)

0.76 (Long-run)

Israel 1953 to 1964 Bruno’s model 0.76

Sources : Katz [11], Behraman [2], Bruno [5] and the present study.

V. LIMITATIONS OF THE ANALYSIS

In this section, we shall discuss limitations of the analysis and the data. At the
very outset, we may note that the existing techniques for estimating elasticity of
substitution suffer from a number of problems. Both the CES and VES production
functions are non-linear, and as such cannot be estimated directly by linear
regressions. Though non-linear techniques have been developed to estimate these
functions, these estimation procedures are essentially iterative, and very sensitive to
the initial values of the parameters chosen. Direct estimation after linearising the
function also biases the estimates towards the value around which the function has
been expanded. Hence, indirect estimation used in this study remains the best alter-
native. One of the assumptions under which CES function can be estimated indirect-
ly is that both product and factor markets are competitive, an unrealistic assumption
in the case of Pakistan where both factor and product markets are not competitive,
and that each factor of production is paid equal to its marginal product. By
postulating imperfect markets, an indirect estimation technique has been derived
by Katz [11], in which, in addition to wages, the relative degree of imperfections in
product and factor markets is also an explanatory variable. However, as discussed
carlier, the relative degree of imperfections in product and factor markets has not

b aRiaoe A
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changed over time in any significant way. Therefore, the bias in the estimates due
to indirect estimation is not expected to be large. It may be pointed out that the
CES estimates are also biased to the extent that elasticity of substitution is affected
by changes in capital-labour ratios. However, this no longer is a problem when we
estimate the VES production function,

The estimation problems discussed above are not limited just to Pakistan.
All the studies on production functions are confronted with similar problems. Never-
theless, even though we feel that the elasticity estimates are not going to be affected
much by these assumptions, we should draw the policy implications by keeping these
reservations in mind.

VI. POLICY IMPLICATIONS

Capital-output ratio in the labour-surplus economy of Pakistan is one of the
highest in the world. Obviously, reallocation of resources to labour-intensive activi-
ties and a switch-over to labour-intensive techniques of production will be instru-
mental both in accelerating the growth and in improving income distribution.
Generally, distortions in factor prices are blamed for higher level of capital intensity
in the developing countries. Hence, an appropriate change in the relative prices is
always recommended to reduce capital intensity in the country. However, in order
to understand the proper role of relative price changes in the choice of production
techniques and activities, we must know the elasticities of substitution in the
economy. Such elasticities have been estimated in this study for different industries
and for the manufacturing sector of Pakistan as a whole.

We have found that the possibilities of substitution between capital- and
labour-intensive techniques of production in most of the industries are rather
limited. However, the substitution possibilities between different activities do exist.
Our finding that the substitution possibilities between production techniques are
rather limited in the case of individual industries points to the fact that a mere
removal of distortions will not be sufficient to bring about a change from capital-
intensive to labour-intensive techniques of production, This result reflects Pakistanss
heavy dependence on imports of capital goods plus the fact that the production
techniques suited to the factor endowments of Pakistan have not been developed.
The absence of the development of appropriate technologies also underscores the
fact that Pakistan has been unable to generate sufficient employment for the labour
force. The imported technologies are highly capital-intensive and technical change is
generally labour-displacing which has resulted in an ever-worsening unemployment
problem in developing countries like Pakistan.

From the above discussion, it follows that a lowering of capital-output ratios
through adoption of labour-intensive techniques can only be realised if appropriate
indigenous technology is developed. The removal of price distortions will induce the
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flow of more resources into developing appropriate indigenous technology.
However, for the development of indigenous technology, the changes in relative
prices, though necessary, are not sufficient. It follows that the government will have
to subsidise the technological development.

While changes in relative prices may lead to the adoption of Jabour -intensive
production techniques only over the long run, the appropriate changes in relative
prices will immediately increase social welfare through better allocation of resources
amongst various activities. Therefore, removal of distortions from factor prices will
not only lead to an increase in welfare over long run by inducing the development of
new technology but over short run it will increase welfare through a reduction in the
capital-labour ratio by increasing the share of labour-intensive activities in the
total output,

VII. CONCLUSIONS

‘In the present study we have focussed on three issues. First, whether possi-
bilities of substitution between capital- and labour -intensive production techniques
in Pakistan exist or not? Secondly, whether possibilities of substitution exist
between different types of activities or not? And, thirdly, whether changes in
capital -labour ratio affect the elasticity of substitution or not?

In this study we have found that the elasticity of substitution between capital-
and labour-intensive techniques in a number of industries is rather low and insignifi-
cant. For example, in sugar, tobacco, textiles, and chemicals, which are some of the
most important industries in Pakistan, the possibilities of substitution between
capital and labour are negligible. For the manufacturing sector as a whole, the
elasticity is high and significant. Therefore, changes in relative factor prices are
expected to result in a specialisation in labour-intensive activities, better suited to
the factor endowments of Pakistan. Moreover, changes in capital-labour ratios affect
significantly the elasticity of substitution and as such the estimates obtained through
CES production function are biased. Therefore, we should concentrate on the
estimation of VES production function.

' A comparison of substituion elasticities for the manufacturing sector of Pakis-
tan with those of the other developing countries shows that the phenomenon of low
and statistically insignificant substitution elasticities is not confined just to Pakistan.
They are low for most of the developing countries and the estimates presented in
this study are consistent with them. This study confirms the results of an earlier
study for Pakistan that for the individual industries, elasticities are insignificant but
in the case of the manufacturing sector as a whole, they are at variance with the
earlier study. This study also shows the existence of significant substitution possibil-
ities for the manufacturing sector as a whole, while the earlier study concluded that
even for the manufacturing sector as a whole the substitution possibilities did not
exist. The present study has clearly negatived that conclusion.

Substitution Elasticities in Manufacturing 15

Appendix 1

Production Functions and the
Elasticity of Substitution

There are four most celebrated production functions, viz. the fixed co-effi-
cients, the Cobb-Douglas, the Constant Elasticity of Substitution and the Variable
Elasticity of Substitution Production Functions. The elasticity of substitution is
zero in the fixed co-efficient production function and unity in the Cobb-Douglas
production function. These two production functions are, therefore, not of much
interest to us in the present study. In the CES production function, the elasticity of
substitution is invariant with respect to changes in the capital-labour ratios.
However, in the VES production function, the elasticity varies with changes in the
capital-labour ratios.

CES Production Function

The CES production function was derived by Arrow, Chenery, Minhas and
Solow [1] from the basic relationship;

LnV/L=a+bLn W ix % 8 -, - (1)

After allowing for disembodied Hicks neutral technical change and the variable
returns to scale, we may write the CES production functian as.

Vv, = AN [P + (1-5) KP] TP " o U

where

= Value added,

= Labour,

= Capital,

Rate of disembodied Hicks neutral Technical change,
= Distribution parameter,

= Economies of scale parameter,

= Substitution parameter, and

= 1/1+p is the elasticity of substitution.

Subscript t indicates time period.
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In the case of constant returns to scale, we set v= 1, and rewrite the functions
as

V, = A [BLP + (1 -8)KP] TP ” i ui(3)
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VES Production Function

In a CES production function, elasticity of substitution is invariant with res-
pect to changes in the capital-labour ratios. However, the assumption may not hold
and in order to draw any meaningful conclusions regarding the substitution of in-
puts following a change in their prices, it is essential to test whether the capital
intensity affects the substitution elasticity or not. Therefore, the need for the esti-
mation of a VES production is obvious.

There are different variants of VES production function derived from different
basic relations. However, in this study, we shall be concerned with a VES production
function derived by Hildebrand and Liu [9] from the basic relationship that the
average productivity of labour is a function of wage rate and capital-labour ratio, i.e.

Ln (V/L) = atbLnW + cLn (K/L) S - - (4)

Corresponding to the relation (4) we can derive the following relation.

Vimh PR 4 ap L) ~o4 e 7P ~UP " v 8
where
1-b e _
p=1fb-1, n= — a=a /P=(0-8)7"
l=h—¢

B = &y P is the constant of integration and after rearranging terms we obtain
the following relation.

V = v [6KP + (14p) (K/L)~ /L =pL= P~ 1/p . (6)

Appendix II

Table 1

Results of CES Production Function Indirectly Estimated

(Assuming Constant Returns to Scale)

Dependent variable is log (V/L)

Substitution Elasticities in Manufacturing

Coefficient

Coefficients

F - Ratio D.W.

R“2

of

of
time

log W

Intercept

Name of Industries

®

(7

(6)

)

)

3)

(0))

(1

.6950 6187 9.11 1.24

0526
(8.2936)

0864

(2061)

77836
(2.5693)

Food Manufacturing

1.51 1.69

0917

2734

1391
(1.5948)

1.7161

(1.3366)

—4,0081

Tobacco Processing

(04121)

6.44 1.49

5210

6168

0172
(0.5612)

5189

(.7629)

4.3254
(09104)

Textiles

34.98 2615

8717

.8974

1.7516 —0.0234

(8.2116)

—4.7087

Footwear

(2.4610)

(29511)
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Table 1 — Continued
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Coefficients Coefficient : e :
Name of Industries Intercept of of R R F - Ratio D. W.
log W time
(1) (2) 3) @) ) 6) (7) ()
Paper and Paper Board 130139 —.0512 —0.0737 7864 7330 14.73 97
(34175) (1.0012) (3.1842)
Printing and Publishing — 11.5630 26552 —.0258 9110 40.96 1.51
(1.6251) (2.7832) (.06988)
Leather and Leather 45774 0.5630 0.05380 3067 1333 137 1.10
Products (0.7718) (0.6760) (1.2407)
Rubber and Rubber 2.0520 7877 0.1032 8372 7965 20.57 2.68
Products (.6601) (1.8173) (2.6529)
Chemicals and Chemical 70487 .2943 0140 0117 - .2354 0.05 92
Products (.8935) (.2795) (.03070)
Non-Metallic Mineral 11.3914 —.3956 —.0211 4822 3527 3.72 225
Products (4.6502) (1.1687) (2.0826)
Continued —
Table 1 — Continued
Basic Metals 7.5708 .0550 .0808 6546 .5682 7.58 2.04
(0.9951) (.0516) (1.3634)
Metal Products 6.4122 .2099 .0086 .3608 .1800 2.26 1.03
(3.5461) (.8168) (.5867)
Non-Electrical Machinery 7.4529 0700 01372 3944 .2430 2.61 1.51
(1.8457) (.0137) (.5627)
Electrical Machinery 7.0227 0.1427 0488 4586 3233 3.39 1.82
(2.1987) (:3163) (1.4054)
Transport Equipment 9.4199 - .1677 .0119 230 —.2213 0.09 1.18
(2.1274) (.2769) (.4261)
Miscellaneous —1.4819 1.3724 .06314 8957 .8696 34.34 2.01
Industries (.0705) (4.5874) (4.4951)
Total Manufacturing 4.0902 .5824 0175 7458 6823 11.74 137

Sector (1.3929) (1.4119) (1.0272)
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Table 2

Results of CES Production Function Indirectly Estimated
(Variable Returns to Scale Assumed)

Dependent variable is log (V/L)

Name of Industries Intercept  Log W Log V Time R™2 F-Ratio D.W.
Food Manufacturing 34626 —.0106 4375 —.0134 7581 6545 7.31 1.54
(.8044) (.0262) (1.3520)  (.2616)
Tobacco Processing — 18.2883 1.0517 1.8316 —.1961 5372 3389 2.1 1.60
(1.6699) (.8826) (1.9977) (1.0681)
Textiles 2041 6046 2739 —.0182 67231 5319 4.79 1.82
(.0338) (.8931) (1.0891) (4.092)
Footwear —4.6019 1.5457 1436 —.0458 9079 .8684 23.00 1.65
(2.8397) (4.8926) (.8931) (1.7045)
Paper and Paper Board —7.8993 .5946 12507 — .2144 9399 9141 3647 1.23
(14631)  (1.5212) (4.2265) (59915)
Continued —
Table 2 — Continued
Printing and Publishing — 106618 19154 43738 —.0920 9777 9681 102.04 2:35
(27926)  (3.5717) (4.5673) (3.7548)
Leather and Leather — 3.8376 4199 9664 — .1243 9613 9447 57091 2.38
Products (2.2754) (1.9915) (1.0877) (6.3093)
Rubber and Rubber 18.2783 .3237 6860 - .0421 9376 9108 35.04 1.53
Products (.0845)  (1.0161) (3.3550)  (.8348)
Chemicals and Chemical 1.6490 1182 5524 —.0456 F128.; 5897 5.79 1.38
Products (.3486) (.1943) (4.1340) (1.6617)
Non-Metallic Mineral 5877 4873 4044 - 0710 8298 7569 11.38 3.14
Products (.1821) (1.5602) (3.7813) (4.8665)
Basic Metal 2.3153 —..1458 6454 0014 7986 7123 9.25 2.60
(.3487) (.1669) (2.2372)  (.0230)
Metal Products — .2445 5455 .3901 —.0625 7685  .6693 175 1.27
(1099)  (2.8531) (3.5111)  (2.7953)
Non-Electrical Machinery 7.1794 .0072 0771 —.0020 4479 2123 1.89 1.40
(1.7362) (.0121) (.8233)  (.0623)

Continued —
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Table 2 — Continued

A —2 I :
Name of Industries Intercept  Log W Log V Time R2 R F-Ratio D.W.
Electrical Machinery 52043 0963 .2026 0158 4977 2824 2.31 2.13
(1.2663) (.2054) (.7378)  (.2754)
Transport Equipment 0948 —.1307 8513 —.0782 6318 4740 4.00 1.12
(.2374) (.3286) (3.4021) (2.4234)
Miscellaneous 9565 1.8455 .3085 .0820 9096 .8708 23.47 2.18
Industries (.4446) (3.3907) (1.0384) (3.5761)
Total Manufacturing 2.4256 5632 1240 .0016 7472 6388 6.90 1.70
Sector (.2673) (1.2496) (0.1954)  (.0189)
Table 3
Results of VES Production Function Indirectly Estimated
(Constant Returns to Scale Assumed)
Dependent variable is log (V/L)
Name of Industries Intercept Log W Log K/L Time RZ R~ 2 F-Ratio D.W.
@) 2 3) 4) () (6) ™ ®) )
Food Manufacturing 6.0145 1053 1773 0395 7011 5730 54722 1.23
(1.0590) (0.2359) (.3774) (1.0159)
Tobacco Processing —2.23647 1.8396 1.7429 3460 3491  .0701 12513 1.56
(.9895) (1.4083) (9022) (1.4082)
Textiles 32117 3460 0.25198 03016 .6540 .5057 44098 1.13
(.6430) (.4725) (.8689)  (.8736)
Footwear 4.0936 1.7595 —.0804 —.0245- 9014 8591 21.3203 2.17
(20114) (7.8520) (.5304) (2.4068)
Paper and Paper Board 15.3963 .1896 —.7284 —.0986 8564 .7948 139118 140
(4.3018) (.2920) (1.8465) (4.0471)

Continued —
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Table 3 — Continued
Name of Industries Intercept Log W Log K/L Time R? R™2 F-Ratio D.W.
1) (2) 3) )] (%) (6) 7 (®) ©)
Printing and Publishing —7.3840 2.7878 — 6020 —.0531 9615 9451 584195 2.58
(14245)  (4.1517) (3.0358) (1.9364)
Leather and Leather —28.9050 2.0630 2.6363 1311 6318 4740  4.0031 2.46
Products (20299) (2.3282) (2.4859) (2.855)
Rubber and Rubber — . 6657 4708 5564 0986 8621 .8030 14.5871 2.38
Products (.1708) (9211) (1.1248) (2.5616)
Chemicals and Chemical 1.8462 0.1564 6030 —.0153 2668 —.0475 84892 0.68
Products (2310) (.1607) (1.5601)  (.3622)
Non-Metallic Mineral 9418  —.6772 4133 —.0218 5859 4099  3.3150 2.02
Products (34022)  (1.7536) (1.3322) (2.2540)
Basic Metal 12214 2293 — 4248 0735 6729 5327 47996 1.96
(1.1387) (.2009) (6259) (1.1723)
Metal Products 2.3461 15633 5304 0006  .5995 4279  3.4926 1.87
(9344) (.7136) (2.0425)  (.5323)
Continued —
Table 3 — Continued
Non-Electri -
on-Electrical Machinery 5.1425 —.04918 .3668 0276 5477 3539 28258 165
(12790)  (.0914) (1.5404) (1.1377)
Electrical Machinery 37310 — 0764 5668 0587 7304 6149 63213 097
(1.3770) (2184) (2.8562)  (1.9405)
Transport Equi
port Equipment 13254  —.i515 1.1189 05164 3991 .1416  1.5498 1.92
(2092)  (2984) (2.0932) (1.7097)
Miscellaneous —5.56869 14007 4030 071959 9589 9413  54.4027 2.45
stnics (29593)  (6.9696)  (3.2801) (7.3399) ' ‘
Total Manufacturi =¥
o acturing 1.5920 4936 6699 03021 9143 8776 24.8924 3.3]
(66865)  (1919) (3.7096)  (2.7600)
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Table 4

Results of VES Production Function Indirectly Estimated
( Variable Returns Assumed)

Dependent variable is log (V/L)

9C

- Name of Industries Intercept Log W LogK/L LogL Time R2 R~ 2 F-Ratio D.W.
) @ 3) 4) (&) Q) Q) ® © a0
Food Manufacturing 7.4004 .0829 1537 —.1003 .0500 7030 5050 3.55 1.22 :;
(.7917)  (.1678)  (2956)  (.1960) (.7338) ?
N
Tobacco Processing 174640 —3.5746 —6.3131 —9.0964 .9862 5739 2899 202 223 =
(1.5530) (1.1000) (1.3056) (1.7795) (2.3539)
Textiles —30.8861 1.4558 1.1844 1.4759 —.0991 .8884 8139 1194 280
(3.0630) (2.6834) (3.7303) (3.5494) (2.3524)
Footwear - 09161 1.7235 -.2122 —.2125 0122 9118 8529 15.50 291
(2127) (7.4014) (9633) (.8415) (2716)
Paper and Paper Board ~ 26.0329  —.5011 — 4758 —1.1644 1269 9381 8968 22.71 1.68
(5.5832) (1.0526) (16189) (2.8126) (1.5469)
Continued —
Table 4 — Continued
Printing and Publishing  —.0708  2.5353 —.8847 —.3256 —.0082 9642 .9403 4038 2.60
(0057) (3.1748) (1.8565)  (.6584) (.1113)
Leather and Leather = — 58.7037 3.2399 3.4444 1.7875 —.0800  .7299 5498 4.05 2.88
Products (2.4354) (2.8335) (3.0659) (1.4763) (.5362)
Rubber and Rubber —2.0794 4788 .6043 1264 0830 8629 7715 9.44 237 %—_”
Products (2406) (8672) (1.023) (.1871) (.8884) 3
=
2
Chemicals and Chemical —2.5554 1687 .5856 4574 —.0499 3.3937 — .0107 9735 .88 ;
Products (2911)  (1765) (1.5417) (1.120) (.9661) (.3937) g
)
Non-Metallic Mineral —3.5416 .1460 6224 5352 —.0998 8266 7110 7.15 227 E
Products (.7228)  (.3711) (2.7185) (2.8797) (3.5748) g
=
=
Basic Metal 36.4702 3523 —23155 —1.0546 1411 6896 4826 333 1.70 E:
(7734)  (2886)  (.6804)  (.5682) (1.0374) §'
Metal Products —3.2600 5016 5226 3227 —.0494 7269 5448 399 233
(.8088)  (.7647) (2.2557) (1.6727) (1.3989)
Non-Electrical Machinery =~ .0056 — 0.5495 1.0326 03143 —.0067 8536 7559 8.74 3.05
(.0019) (1.5280) (4.3327) (3.5397) (.3786)

(o8]
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Table 4 — Continued

; 2 =2 :
Name of Industries Intercept Log W  LogK/L LogL  Time R R~ “ F Ratio D.W.
1) ()] 3) @ €)) ©) Q) ® © o
Electrical Machinery  — 108960 2542 10806 8097 —.0708 9322 8871 2063 1.62
(2.8991) (1.2393) (64305) (4.2273) (2.2068)
Transport Equipment —43.6550 — .3964 3.5360 22635 —.0749 6192 3653 244 1.60
(18675)  (8693) (2.5637) (1.8620) (1.0295)
Miscellaneous 113102 14818 —.3992 — 8649 0527 9618 9364 37.78 223
Industries (4541) (6.1541)  (3363)  (.6798) (1.7549)
Total Manufacturing 10.3000 3532 2620 —. 3575 .0798 9355 .8926 21.77 3.23
Sector (1.1790) (1.3540)  (.7799) (1.4056) (2.1926)
Table 5
Results of CES Production Function Directly Estimated
(Constant Returns to Scale Assumed)
Dependent variable is log (V/L)
Name of Industries Intercept LogK/L? LogK/C Time R?> R~™2 F-Ratio D.W.
(1) ) 3) “) ) (6) Q) ® ©
Food Manufacturing —22.6703 36910 — 7528 0412 733 618 640 1.74
(.72) (98) (.94) (1.20)
Tobacco Processing 284189 —2.7251 1.5589 3974 398 140 1.54 1.75
(1.03) (87) (1.65) (1.63)
Textiles —.1948 9955 —.2340 .0498 831 758 11.47 1.75
(07) (3.12) (279  (547)
Footwear 11.5685 — 4005 2408 0176 039 -.374 09 1.67
(.74) (:20) (21)  (41)
Paper and Paper Products 15.1788 —.5728 —.0153 —.0930 .855 792 13.72 '1.27
(.15) (.05) (.01 (5.63)

Continued —
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Table 5 — Continued

Name of Industries Intercept  LogK/E2T T T BIOS=yiie R’ R-2 F-Ratio D. W.

) (2) 3) “) () (6) () 8 (@)

Printing and Publishing 13.7688 — 6319 — 0691 0565 .872 817 1584 192
(392) (1.58) (.50) (3.09)

Leather and Leather 59390 1.9966 —1.0728 0369 .767 667 769 229
Products (1.06) (292) (3.56) (.90)

Rubber and Rubber 18.2881 —1.3632 5419 1215 847 781 1291 219
Products (27) (.16) (26) (3.46)

Chemicals and Chemical -1443700 —17.1307 —28892 —.0245 424 177 1:72 1.16
Products (1.37) (1.45) (1.40) (1.18)

Non-Metallic Mineral 6.3490 2371 —.0196 —.0222 422 174 1.70 —1:31
Products (167) (.58) (.45) (1.74)

Basic Metals 19035 — 7460 —.2020 0795 683  .547 502 239
(.10) (32) (.51) (3.19)

Metal Products —211.7634 282624 —104682 — 0125 811 730 1003 178
(294) (3.05) (2.99) (1.22)

Continued —
Table 5 — Continued

Non-Electrical Machinery 7013 (.8769) — 1735 0502 801 715 937 .99
(31) (323) (1.59) (3.36)

Electrical Machinery 57931 2402 03629 0254 .547 353 282 166
(0.11) (.04) (.02) (2.46)

Transport Equipment —19.8548 3.1926 —.5141 0545 396 137 1,53 193
(:26) (.35) (.23} (1.40)

Misceilan‘eous — 46670 1.4869 —- 2124 0936 .680 542 495 181
Industries (.18) (45) (.36) (3.41)

Total Manufacturing 107125 —.4200 2778 .0530 .903 .862 2197 231
Sector (1.76). (.57) (1.57) (7.94)

jouiay oV
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Table 6

Results of CES Production Function Directly Estimated
(Variable Returns to Scale)

Dependent variable is log (V/L)

Inter- LogL
Name of Industries cept LogL LogK Log K2 Time R? R™2 F-Ratio D.W.
1) @) 3) “) (5) ©) ) (8) ©® @10
Food Manufacturing 45921 —.1065 7005 —.1744 1156 9579 9299 3417 1.16
(.6490) (.0266) (.1787) (.2130) (2.0026)
Tobacco Processing — 2531542  13.7452 —8.7882 435844 — 0612 9660 9433 4262 329
(1.8436) (37186) (3.9343) (3.8879) (.5442)
Textiles 5.0771 —.3643 -—2.2423 —.3110 2572 9891 9818 13556 2.23
(4.1710) (2354) (1.5319) (.8483) (4.8454)
Footwear 5.8595 9560 — 4110 1127 0885 .8903 8172 121.79 1.32
(.8290) (.2274) (.1081) (.0453) (.5950)
Continued —
Table 6 — Continued
Paper and Paper 6.6589 2.0709 2.1085 —.5182 0732 9160 8601 16.36 1.95
Board (.3900) (.2345) (.2403) (.3185) (1.0684)
Printing and —15.1530 —-142790 150734 —5.1169 .0654 9866 O777= 11056~ 1.23
Publishing (1.9253) (1.8257) (1.9934) (2.0001) (1.1828)
Leather and Leather — 20.34461 — 2452359 259374 96573 -.0768 9137 8561 1588 2.35
Products (15178)  (2.3802) (2.4309)  (2.6087) (.6397)
Rubber and 2. 2950 49771 —3.7418 1.3721 .0931 9306 8843 20.10 231
Rubber Products (.2499) (5.2807)  (.4018) (.5028) (.9654)
Chemicals and —17.7899 —64574 78248 —1.2687 — .0462 .8436 .7394 8.09 093
Chemical Products (.4618) (.28988) (.3602) (.3343) (1.1293)
Non-Metallic Mineral — 5.1427 1.0520 0.5028 0303 —.1064 9888 9813 13194 2384
Products (3.2657) (4.5963) (2.1797) (1.2523) (5.0868)
Basic Metals 260573 —1.2401 — .1649 — .5886 2237 9238 8731 18.19 2.32
(1.7656) (.1687) (.0257) (.2965) (2.1319)
Metal Products —20.7086 —25.0013 259331 —-9.6147 —.0039 9896 9826 14223 199
(2.1006) (2.0154) (2.1025) (2.0572) (.2183)
Continued -
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Table 6 — Continued

Inter-

LogL
Log K2

F-Ratio D. W.

R

Time

LogK
4)

LogL

cept
2

Name of Industries

@) @® ©®) (@10)

(©)

(%)

3)

(€3]

9982 1358.10 2.01

9989

30118 —.0478
(2.5341) (2.8798)

=927
(2.3070)

10.4962

(2.6258)

52569
(1.5794)

Non-Electrical

Machinery

44

106.65 1.

—.0408 9861 9769

— 4275

— 84166  —.5018  2.1772
(2.096)

(3.3896)

Electrical

(1.015) (1.1890)

(4412)

Machinery

A. R. Kemal

7793 6322 530 226

—.0657

—1.6158

9.5035

- 64279

— 356135

Transport

(5314) (.8282)

(.8022)

(.5438)

(1.6050)

Equipment

9930 272.89

298

9945

8.1446 —1.0953  .1516
(.9816) (2.4340)

(1.3184)

— 50825

— 364343

Miscellaneous

(.8493)

(1.09316)

Industries

226

9880 206.40

0581 9908
(1.5016) (1.7799)

— 1.6836

8.2624
(1.6346)

— 7.3049

(1.4701)

—-9.6834

Total Manufacturing

(.9887)

Sector

10.
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