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INTRODUCT ION

The strategy-onderlying’Pékistan's devetopment during
ear|ler decades was based on the concept of "industrial
fundamental Ism"., A host of fiscal, trade, financial and
technological policies were Implemented to encourage the
process of growth through industrialization. However, it
was observed that the process of industriallzatlon brought
in increasingly capital-intensive techniques of production.
There are two schools of thought as to why this occurred.
The "technologicai determinists" believed 'that technical
efficiency alone determined the eventual choice of
technique and since the technically efficlent technliques
were also the capital-intensive ones, the norms of efficiency

dictated centinuous capital deepening In production., No



choiee of technique was possible,-in'thts-view,
b'e‘cau's"e”“"rk.\e; ':é.il.as‘rlcify of factors substitution was
zero or near zero.'On the other hand, the nec~
classicists maintained that factor substitution was
possible and it wasI the fe;<‘:+or price distortions
created by the host of incentive policies pursued
that generated an Inoptimal cholce of capital-inten-
sive technlques. e T

Thig".sf‘u'dy geeks to evaluate these two points of
view, through an in-depth investigation of the possibill
ties of factor substitution in the large-scale textile
manufacturing sector of Pakistan. The study sets out to
Tesfi a number of other hypotheses that have e direct
bearing upon the eventual estimate-of theielasticity of
substitution. Initially we test the hypothesis of the
similarity of provincial functions. Only if such func-

tions are similar con we pool the data to obtain est!-

mates for Pakistan as a whole. if the provincial func-
. . e R

tions are differenf it implies a difference In the
underlying production relatipns in this. sector across
the provinces. Having determined if pooling of data is
possible or not we then proceed to test the hypothesis
of the similarity of functlons overtime. The results
of this test also, in addition to providing possible

validity for pooling the succesive cross-sections,



Provide us with insight into the changes in the production
relations overtime. The basic thrust of the paper Is a
series of tests designed to show which functional form best
fits the data or In other words must adequately explains the
underlying production relations. As Is wgll known various
generalizaTions‘of the 'bésic (indirect) clsﬂmaﬂng forms

of the CES production function are available which permit

testing for the existence of variable returns to scale.

Moreover, extensions that permit variable elasticities of

. “‘
substitution as well as variable returns to scale are

also gvallable and are estimated. These forms and the test-
Ing procedure are described in defail In the section on
methodology.

The large-scale textile manufacturing sector is of
consliderable importance to Paklstan not only because It Is
the predominant industrial sub-sector but also because of
Its backward iinkages with the key agricultural sector. The
results of this study could be of considerable interest for
pol icy-making. In a labour-abundant, capital-scarce economy
like Pakistan the existence of significant factor substitu-
tion possibilities in textile manufacturing will imply
Increased employment generation without sacrificing effi-
clency (without loss of output).

There has been very liftle work done in this area
todate. Only two studies of note bear to-be mentioned. The

first by Kazl et al (1976) using the constant elasticity
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of substitution production function found the possibillties of
labour capltal substltutlon to be ilImited In the large-scale
text!le manufacturing sector. Thils second study by Kemal.(1981)
using an adjusted or "conslstent" time-serles data also found
}Imlted pos,slbl [1ties of factor substitutlion lln this sector..
The declining relative Importance of the textile Indus-
try overtime In Pakistan can be gleaned from the following
statlistics. During the perliocd from 1954 to 1980-81 the mean .
value of the proportion of value-added In large-scale textlle
manufacturing to value-added from al| l|arge-scale Industries
combined was 0.32, Thls proportion declined from a maximum of
0.47 In 1954 to 0.16 In 1980-81. The mean value of employment
In this Industry as proportion or total large-scale Industrlal
employment was 0.48, This proportion ranged from maximum of
0.53 In 1954 to a minimum of 0.41 In 1980-81. The trend value
of the regression of time varlable on the log of real value
added* In thls sector shows that It decllined at a rate of
8.46 percent, Morever, employment In this sector declined at
a rate of 6.21 percent while real capltal employed declined
at a rate of 2.28 percent. Employment cost as.a proportion of
value added In this Industry, however, grew at a rate of 3.58
percent. Thls was due partly to the growth of wages of 2.80

percent and partly because of the rapid decline In value-added.

* The growth rates are computed from the following regressions:
Leg (Y) = «8T, where B Is the trend coefficlent, and T denotes
time. All estlmated coefflcients, unless otherwise stated are
significant at flve percent level. The growth rates are based
upon the avallable Census of Manufacturing Industries data for
the perlod 1969-70 to 1980-81.



An examination of the sub-sectors within the large-
}

scale textile manufacturing sector reveals that in terms
of value-added generated, and capital and |abour employad
It Is heavily dominated by Cotton Spinning and Weaving and
Finishing of Cotton textiles. These categories together
account for over seventy percent of the value-added, seventy-
five percent of the capital employed and nearly the same
percentage of |abour. However, spinning of cofton is a more
capltal-intensive Industry requiring a higher proportion of
capital per unit of labour to produce the same proportion in
value-added. It Is the trends In these two categories that
have dominated the frends In the overall textile secTor.! The
growth rates of different key variables in the constituent
categories and In overall|l textile manufacturing can be
gleaned from Table 1.

The study Is divided into five scctlons. Detalls of
the econometric modelling and procedures fol lowed are
described In the next section. There ‘are several theoretical
and estimation considerations hitherto ignored by the
earlier studies that are elaborated below. The .data used are
described In the third section, while the results are

presented In the fourth section. The summary of conelusion

makes up the last section.
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constant over time. Test procedures can be devised for this
hypothesis, using traditional reyression methods for the

estimation of the indirect form/ 7/.

Suppose that the elasticity of substitution for the
constant-returns-to-scale VES production function Is cons-
tent over time. |t Is evident that the estimation of the
elasticity by use of aggregative time-series data requlries
that the wages and labour and capital inputs be the same
fcr all flrms at any given time perlod. Such conditions

are obviously very unreallstic.

[t Is evident that simiiar difficultles to those
Indicated above apply for the estimation of elasticities
when:related products are aggregated to obtain a composite
product, such as textlles. This emphasises the desirabll ity
of obtalning data at the firm level, for wel{-defined

products, at the time periods of Interest.
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DATA

Data on the different aspects of Pakistan's
large-scale manufacturing firms can be obtained from the

census of l|arge-scale manufacturing industries.

The censuses cover all flrms reglistered under
Sections 2 (J) and 5 (1) of the Factorles Act 1934. The
first.census ‘was conducted in 1954. The latest one avall-
able In published form pertains to 1980-81. The census was
notitaken or the data were not made avallable In publIshed
form In a number of years. The published census reports
contain data on written-down values of -fixgd ‘assets, gross
value of production, employment and wages. These data form
The only source of any comprehensive statistics on-the
large-scale manufacturing firms dn Paklistan. However, the

census data suffer from three main: defects: (Kemal, 1976).

1. Serlous undercoverage of the flrms involved;
2. They are not avallable on a yearly basls; and

3, The definitions of some variables have changed
over time*,

¥ An example of the changing definitions of key variables
in different censuses Is fixed assets. Prior to 1962-63,
the censuses reported the written-down values of capital
at the end of the year as fixed assets. Slince 1962-63,
the censuses have used written-down values at the beg-
fnning of the year, plus any Investments during the year,
with no deductions made for any deprecliation during the
year.
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Kemal (1976) estimated that the extent of gross
under-coverage of the censuses In various years ranged
from about eight to forty-six percent. Following the census
in 1963-64, a sample survey, covering ten percent of the
non-respondent firms, was carried ouf. It showed that
sixly percent of the non-respondent firms had ceased to
exist. It was estimated that the employment data In the
census suffered from eighteen percent under-coverage. Based
on this figure, the data on fixed assets, value-added and
other variables were appropriately Inflated. However, bee
cause of the small sample size, the range of Industries
Involved was restrictive and, as such, the data from all
the industries could not be adjusted. In view of these
IImitations use of the census data for any time-series

analyslis eocounters significant difficulties¥.

In this paper, however, we use the original publish-
ed data from the census of |arge-scale firms within the
large-scale textile Industry for each year for the years
1969-70, 1970-71, 1975-76, 1976-77, 1977-78 and 1980-81
[T-Governmenf of Pakistan (1973, 1977, 1980, 1982, 1983

& 1984)_/." These years are the six most recent years for

Kemal (1976) attempted to adjust the census data to make
It more consistent. The method used Involved projecting
an adjusted series of capltal over time and then obtain-
ing estimates of output, value-added, Industrial cost,
employment and wages by uslng:ratlos of caplital to the
Individual variables obtained from the different census
of manufacturing industries. These data obtalned by Kemal
have been the subject of severe criticism e.q., Meekal
(1982) and Norbye (1978a and b) and ongwing debate,

Kemal (1978).
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~

which data are available In publ iished form. These data in

aggregate form are avallable in cross-tabulations across
asset-size categories for the provinces of Punjab and Sind.
Our analysis therefore concentrates only on the data from

these two provinces. The total number of observations In

each province in each year are presented .in Table 2.
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Table 2

No. of Observations In Different Years for Textile
Industry In the Various Censuses of Manufacturing

Industries

Years Pun jab Sind Total
1969-70 12 13 25
1970-71 6 13 19
1975-76 7 7 14
1976-77 7 7 14
1977-78 7 7 14
1980-81 7 7 14
Total 46 54 100

Note: The observations are based on the asset-size catego-
ries for each province in the corresponding years.
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RESULTS

The results reported In this sectlon follow a syste-
matic pattern, as we proceed stepwise to determine the func-
tional form that most adequately explains the underlying
data and then report the elasticity estimates based on this
salected 'estimating form. |1 'hears repeating that the form
that most adequately represents the data is in fact portray-
ing the underlying produc¢tion relations in the large-scale

textile manufacturing sector of Pakistan.

Initially we consider the possibilities of the siml-
 larity of the province functions. Tests are condh¢¥ea on
the basis of three hypothesis for both the conéfaﬁ¥;re+urns—
to-scale and variable-returns-to-scale version of the CES

and VES productlon functions. The hypotheses are that:

1. The province functions have the dlfferent * = .-
intercepts but same slopes.

2, The province functions have the same intercepts
but different slopes.

ros . .
3, The province functlons are dlfferent, I.e.
both Intercepts and slopes.

The relevant test statistlcs have approximate F
distribution ond are presented in Table 3 to 6. A perusal
of these tables shows that the hypothesls of dissimilarity
is accepted In only 7 of the 72 cases (li.e. approximately
10 percent of the cases). We, therefore, can proceed with
reasonable confidence to pool the data of the two provinces.
Next we consider the possibility that the yearly functions
for each of the versions of the CES and VES production
functions are similar. Here again, we consider the three

posskbilities of each case, I.e.
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Table

Test Statistics for the Similarity of Province Functlons-
the case of the CES Production Function wlth Constant

Returns to Scale

Years F] F2 F3 n

1969-70 1.434 1.567 | 0.818 25
1970-71 0.207 1.792 . 2,981 19
1975-76 1.599 5.352%% - 2,482 14
1976-77 2.965 0.079 2.877 14
1977-78 4,211 0.098 ., 3.359 14
1980-81 1.715 1.137 1.452 14

¥* Denotes

Note: F]

significant at five percent level.

The' statistics In this column are values of
approximate F Statistics with d.f.l and n-3
on the assumption that the intercepts are
different bur slopes are the same.

The statlstics in thls column are values of
approximate F Statistlcs with d.f.| and n-3 on
the assumptlon that the intercepts are the same
but the slopes are different.

. i
- The statistics In thls column are values of

approximate F Statlstics wlth U.f. 2 and n-4 on
the assumption that the functions are different.
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Table

Test Statlstics.for the Simllarlty of Province-Functlons -
The case of CES Productlon Functlon wlth
varlable-returns-to-scale.

Years F, F, Fs » n
1969-70 3.429, 0.973 2.262 - 25
1970-T71 0.226.; 4,612%* 4.666%% 19
1975-76 3.017 2.397 1.646 14
1976-77 1.624 0.835 0.907 14
1977-78 0.759 0.339 0.577 14
1980-81 0.056 4,499%* 2.625 14
*%

Denotes slgnlflcant at flve percent level
by ;.

Note: F1 The statistlcs In thls column are values of
' approxImate F statlstics with d.f.| and n-4
on the assumptlon that the Intercepts are
different but the slopesare the same.

F, = The statistlics In thls column are the
gpproximate F' statlstlics wlth d.f.2 and n-5
on the assumptlon that the intercepts are
the same but slopes are dlfferent.

FB = The statlstlcs In thls column are the
approxImate F statlstics with ¢.f.3 and n-6
on the assumptlon that the functlons are
different.
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Table
tatistics for the Similarity of Province Functlon -

The cass of VES Production Functlon
with Constant Returns-to-scale

Years F] F2 F3 n
1969-70 1.499 0.736 0.488 25
1970-71 0.109 4,487%% 3.374 19
1975-76 0.827 1.032 1.789 14
1976-77 3.601 1.736 5.163%% 14
1977-78 3.3M 1.439 3,768 14
1980-81 0.666 2.901 1.698 14
*¥¥ Denotes significant at five percent (evel

F1 = The statistlcs In this column are In values of
‘approximate F statistics with d.f.| and n-4 on the
assumption that Intercepts are different but slopes
are same.

F2 = The statistics In this column are the values of
;approximate F statistics with d.f. 2 and n-5 on the
assumption that the Infercepfg are the same but the
slopes are different. ' : ‘

F. = The statistics In this column are the valués of

i approximate F statistlics with d.f. 3 and n-6, on the

assumption that functions are different.
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Table 6
Tesf:SfaTlsTics for the.Simitarity of Province Functions -

The Case of VES Production Functlion
with Variable-Returns-to-Scale

Years Fy - F, '""“"fgm' n
1969-70 3,724 1.742 1,731 25
1970-71 0.139 3,812%* 3,402 . 19
1975-76 1.025 1.978 1.380 14
1976-77 2.396 2,693 2.201 14
1977-78 0.104 0.331 0.399 ' 14
1980-81 0.141 2,703 2.015 14

** Denotes significant at flve percent level

F] = The statistics In this columH are the approximate
F statistics with d.f.l and n-5 on the assumption
that the Intercepts are different but the sltopes
are same.

F2 = The statistics In this column are the approximate
F statistics with d.f, 3 and n-7, :on the assumption
that the Intercepts are the same but the slopes
are dlfferent.

F3 = The-sfaflsflc§+ln this cofumn are the approximate
F statistics with d.f.4 and n-8, on the assumption
that the functions are different,
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1. Yearly functions have different Intercepts
but same slopes

2. Yearly functions have same Intercepts but
different siopes.

3, Yearly functions are different i.e., both

slopes and Intercepts.

A perusal of Tables 7 and 8 shows that the yearly
functions are dissimilar. All the test statistics

reported In these tables are«significant.

At the third stage we conducted tests to
determine the .adequacy of different functional forms
given that the constant returns to scale CES production
function applies. The relevant test statistics are
presented In Tables 9 to 11. The tests reveal that in
majority of cases the constant-returns-to-scale CES
production function adequately explainsthe under!ined
data. The null hypothesls that the CRS CES production

function Is rejected In 4 of the 18 cases.

The computed elasticitles of substitution on
the assumption that the CRS CES production function
applies are presented In Table 12. This table also
presents t-statistics for the tests that the computed
elasticities are different from unity. The estimated

elasticities are In all cases significantly different
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Tacle 9
Test Statistics 'for the Adequacy of the Variable-Returns-to-
i - Scale CES Production Functions, given that Constant-Returns-
to Scale CES Productlon Functions apply

Years = 1969-70  1970-71 1975-76  1976-77 1977-78  1980-81
Coefficlent - '0.006 0.009 . 0.001 -0.003 -0.007 -0.009
af Log (L)

T-Statistics (1.51)  (0.18) (0.47)  (-1.53) . (-3.12)** (-1.86)

¥* Denotes significant at five percent fevel:









Table 1 -31-

Estimates of Elasticity of Substitution given that the
Constant-Returns-to-Scale CES Production Functions apply

and the Test Statistics for. the Hypothesis that the
Elasticity is different from unit\

Years T1 d.f.
1969-70 0.43 2.3 ** 23
(1.756) ***
1970-71 0.45 2.360%* 17
‘ (1.932) **x
1975-76 0.89 0.668 12
(5.412)% ‘
1976-77 1.30 1,537 12
P (6.538) %
|
1977-78 1.28 1.434 12
(6.56)* : i
1980-81 2.37 i 2.031%% 1"
(3.512)%

Note: The flgures In parenthesls are t-values of the given

estimate. .
P b
* Denotes significant at one percent level,
** Denotes significant at five percent level,

*¥*%  Denotes'significant at ten percent level.

The statistics in this column are absolute t-values
nul | hypothesis that the estimate of elasticity Is
equal to unlty.
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from zero. There. 1s an' Interesting pattern In which

the estimated elasticity Increases from 0.43 in 1969+70
to 2.37 In 1980-81. The estimates are nof'é(gnlflcanfly
different from one In 1975-76, 1976-77 and 1977-78...1n
all-other cases the elasticities are significantly

different from one; S

The careful testing procedure adopted In this study
has ylelded sever#| results. Firstly the underlyling
production structures are similar In the two provinces in
the different census years. However, there Is slgnlt!canf
dissimtlarity across years. Secondly, the production
relations are characterised by a constancy In the elasti-
city of factor substitution. Thirdly, for each of the
census years examined, constant returns-to-scale appllied
generally. And, lastly, there are significantly greater
possibilties of factur suusiiiuiion in thils sector than
were thought possible on the basis of previous studles.

/ see Kazl et al (1976) .and Kemal (1981) 7.
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CONCLUS IONS

The study sets out to test a number of other
hypothesis that have a direct bearing upon the eventual
estimate of the elasticity of substitutlion. Initially we
test the hypothesls of the similarlty of provincial func-
tions. Only If such functions are simllar can we pool the
data to obtain estimates for Pakistan as a whole. |f the
provincial functions are different It Implies a difference
in the underlying production relatlons In this sector across
the provinces. Having determined If pooling of data Is
possibde or not we then proceed to test the hypothesis of the
similarity of functions overtime. The results of this test
also, In addition to providing possible validlty for
pooling the successive cross-sections, provide us wlth
insight into the changes in the production relatlons over-
time. The basic thrust of the paper'ls a serles of tests
deslgned to show which functlonal forﬁ Eggfiflfs the data
or In other words must adequately explalns the underlying
production retations. As a well known varlods general | za-
tions of the basic(indirect) esflmaflnb forms of the CES
production function are avallable which permit testing for
the existence of variable returns tu scale. Moreover,
extensions that permit variable elasticitlies of substitu-
tlon as well as variable returns to scale are also avall~
able and are estimated. These forms and the testing
procedure are described in detail In the section on

mothodology.
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There has been-very |1ttle work done In thls area todate.

Only two studies of note bear to be mentioned. The first by Kazl

i . o
et al (1976) usingrthe constant elasticity of substitution pro-

'.J»
g

Juctlon func+lon found the possibilities of labour capiTaI sub-

c 4

stltutlon To be Iimitad-in the large-scale feleIe manufacTurlng
secfor. The second stucy by Kemal (1981) using an adjusTed or
"consistent" time-series data also:found |Imited possibilities

of factor ;ubs+l+u+lon In this sector.
M 1o

The careful testing procedure adopfed-ln this study has

1
v, .

ylelded several results. Firstly the underlylng producflon struc-

t
)

Tures are similar In the two provinces In the dlffer@nf census
| AR

ysars., However, there is slgnlflcanT dissimilarity across years.
Secondly,. the production relations are characterised by a cons-
tancy In the elasticity of factor subsTITuTloni Thlﬁdly, for
each of the census years examined, constant refurns-fo-scale

applled yenerally. And, lastly, there are significantly greater

possibllities of factor substituticon in this secfo; than were
Thoughf possiple en the basts of prevlous sTudles / see Kazi
' prl
et al (1976) and Kemal(1981)_/. However, the aggregafe
analysis hides a number of problems that would appear In an
analysis at a more disaggregate level. Such a study Is highly
warranted., There Is a need, especlally, to study the weaving
and finishing of cotton textiles separately. Thls would
require data at the firm-level. The Government of Paklsfan

T4

had In 1978 commissioned a massive study of the cotton textile
' . .
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Industry of Paklstan / Werner(1978) 7 which highllighted the problems

fn d1fferent categories of the textile sector. These recommenda-

1 . \
]

tlons have. not unfortunately been completely lmpleméﬁfed. The
consultants have noted that similar recommcndations have been made

as far back as The 1950's.

L [}

?yr study highllights an Important problem. At the aggregate
level the elasticity of factor substitution Is positive. Yet for a
labour-abundant capital-scarce economy. | Ike Pakistan employment
continues to decline In textile manufacturing. Does this say any-
thing about relative factor prices? Is It not time that we focus
our attention on the hitherto unforseen effects of policles

desligned to distort factor prices.
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