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Introduction

The issue of technology choice by foreign-owned manufacturing
firms in less developed countries (LDCs) has received considerable
attention from development economists.l Although empirical work has
been limited, and results mixed, there is some evidence that foreign
affiliates of multinational corporations (MNCs) select technologies
which may not be as labor-intensive as economic theory would predict
on the basis of factor endowments.2

The purpose of this paper is to compare the production characteris-
tics of domestic Indian manufacturing firms with those of U.S.-owned
manufacturing affiliates in India. This analysis allows us to examine
the hypothesis that domestic firms are more responsive to the relatively
lower wage-interest ratios prevailing in LDCs and that they therefore
employ more labor-using technologies. Such an hypothesis 1s a logical
extension of Reuber's 137 finding that a higher degree of local equity
participation or managerial control is associated with an increased
probability that the firms choice of technology will reflect comparativs:
factor costs. The converse hypothesis would support Strassman's [ii7
finding; namely, that foreign firms are more responsive in adaptirg
technology to local conditions than are local firms.

I. Methodology

We posit Cobb-Douglas production functions for the respective

manufacturing sectors.



ab
(1) VA= AKiL ; 1=T,F,W

where VA = value added defined to
include wages, pre-tax profits,
interest, depreciation and net
indirect taxes.

A = constant term

K{ = proxy for the flow of capital services

T = total capital assets
F = fixed capital assets
W = working capital defined to include
inventories and cash
L = persons employed
a,b = respective output elasticities for capital and labor.

The production functions are estimated in logarjithmic form for a
matching sample of Indian-owned and U.S.-owned manufacturing firms.
By matching sample, we mean that the Indian firm data is adjusted so
that it corresponds to the industrial breakdown of the U.S. manufacturing
sample in terms of the value added accounted for by each two digit industry.
Therefore, we are comparing the technology employed by U.S. firms to produce
a bundle of output in India vis:;-vis the technology that would have to be
employed by Indian firms to produce the same bundle. If the estimated
coefficients of the respective equations are shown to be statistically
different using Chow's [i? test, then we calculate the average capital-
labor ratio resulting from the least-cost tangency of an isoquant and the
factor-price constraint. We distinguish between diverse capital-labor

ratios resulting from disparate technologies (i.e. production functions)
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and diverse capital-labor ratios resulting from different fictor
price relations. In other words, we believe in both ex ante and
ex post substitution, where a particular technology (e.g. plant design
and machinery) is employed, yet where substitution possibilities exist
between labor and capital in sub-processes or peripheral operations
of the plant.3 In Figure 1 therefore, an isoquant estimated for
sample data debicts a particular technology (rather than a shelf of
technologies) and the elasticity of substitution is assumed to be
positive.

In Figure 1, kUS and kI can be viewed as the average observed
capital-labor ratio which U.S. and Indian firms have selected when facing
their respective wage-interest .elations. Assuming that the U.S. firm
were confronted with the same wage-interest ratio facing the Indian firm,
however, it would choose kUS* as its optimal capital intensity.4

We therefore ave interested in the following analyses: a) compa- ing
the production functions utilized by the U.S.-owned and Indian-owned
manufacturing firms i.e., isoquant I versus isoquant US on Figure 1;

b) if the production functions differ, comparing the technology differences
which cause capital intensities to differ given equal factor price relations
facing all firms i.e., compare kI and kUS*; and c) comparing the actual

I US
observed capital intensities given diverse factor prices i.e., k and k .

{I. The Data
The Indian firm data as of 1964-65 is reported in the United Nations

Industrial Development Organization's Profiles of Manufacturing Establish-

ments and it includes fixed capital assets arter depreciation (KF) and



4=

working capital (KF) which sum to total capital assets (Kw)

which sum to total capital assets (KT); employment in terms of men on
the payroll (L); and value added (VA). The 80 firms included are
primarily single-establishment firms, with a few branch observations
being aggregated into single data points. The data was converted to
dollars at then current exchange rates. Comparable data for Indian
affiliates of U.S. MNCs was reported for 1966 in the U.S. Commerce

Department's Special Survey.

In order to compare the production characteristics of the U.S.-
owned and Indian-owned manufacturing samples, adjustments are required
to compensate for the fact that the industrial breakdown of the U.S.
enclave is different from that of the domest.c manufacturing sample.
Therefore, while we first estimated production functions for domestic
Indian manufacturing, we then proceeded to re-estimate the equations
weighting the observations to match the industrial breakdown weights
in the U.S. subset. 1In other words, if chemicals accounted for 25%
of total value added in the U.S. subset, we reweighted the domestically-
owned set so that chemicals account for 257 of total value added in
domestic manufacturing. The effect of this adjustment is to compare
the production characteristics of U.S.-owned firms producing a certain
bundle of manufactures with the production characteristics which Indian
firms would have exhibited, were they to produce the very same bundle

in terms of a two-digit industrial breakdown.5 The data on individual



Figure l: Heuristic Presentation
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Indian firms is then adjusted correspondingly wirh equal changes in
a fixm's labor, capital, and value added; the weighted variables are
subset, we reweighted the domestically-owned set so that chemicals
account for 25% of total value added in domestic manufacturing. The
effect of this adjustment is to compare the nroduction characteristics
of U.S.-owned firms producing a certain bundle of runufacturers with
the production characteristics which Indian firms would have exhibited,
were they to produce the very same btundle in terms of a two-digit
industrial breakdown.” The data orn individual Indian firms is then
adjusted correspondingly with equal changes in a firm's labor, capital,
and value added; the weighted variables are denoted by L¥*, K%, K%, and
va*, b
III. Results

Ordinary least-squares regressions are reported for the Cobb-
Douglas production functions, estimated for a sample of 80 domestic
firms, utilizing three alternative measures of capital services.

(2) 1log VA = ,037 + 540 log K + .316 log L

(5.59) F (2.45)

2
R=,72
n= 80

(3) log VA = .358+.460 log K +.425 log L
(4.07) W(2.,96)

.67
80

,
L

o =)
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(4) log VA= -,716+.572 1log K +.302 1log L

(4.97) T(2.09)
_2
R = .70
n= 80

Unless noted all parameter estimates are significant at the 1%
level. T statistics are reported in parentheses; i is the adjusted
coefficient of determination; n is the number of observations. Testing
of returns to scale indicates that equations using wcrking capital and
total capital exhibit constant returns to scale at the 1% level. 1In
the case of fired capital, the equations exhibit constant returns to
scale at a 5% level of significance and decreasing returns to scale
at a 1% level of significance.7

Adjusting the data to reflect the industrial distribution of two-
digit manufacturing firms in the U.S.-owned sample of establishments,
we obtain equations (5-7). SSR is the sum of squared residuals.

(5) log VA® = =124+.46C iogk*+.460 log L*
(5.11)  F(4.29)

2
K = 079
n = 80
SSR = 10 .65

(6) log VA* = -,426+.384 log K*+537 log L*
(3.40) Weh,24)

2

R = .68

n = 80
SSR = 12.43
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(7) log VA* = ,817+.579 log K*+.411 log L*
(4.45) T(3,21)

22

R =,71

n = 80
SSR = 18.47

It is interesting to note that the average capital intensity for
the adjusted Indian data 1s higher than for the unadjusted data, reflecting
the higher capital intensity of the U.S. bundle of output. This finding
is interesting from the viewpoint of comparative advantage and a com-
position analysis of manufacturing; it indicates that indigenous firms
in the aggregate either seem to be concentrating in industries requiring
less capital per worker or the indigenous technology, ex post, is less
capital intensive regardless of the industrial breakdowm.

The production function estimates for the U.S. sample are reported
in equations (8-10).

(8) log VA = 1,597+.244 log K*+.623 log L
(2.08) F(5.30)

[=))
=

49
6.83

oo =l
unan

5§

(9) 1log VA = --.823+.948 1log K +.223 log L
(6.21) W(1.93)

& = .77

n = 49
SSR = 4,11
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(10) log VA = 1.226+.740 log K +.334 iog L

(4.79) T(2.71)
R2 = .72
n = 49
SSR = 5.04

The Chow test F-ratios indicate that the estimated equations for
U.S. firms utilizing fixed aund working capital, (8) and (9), are signifi-
cantly different from equations estimated for Indian firms, (5) and (6),
at a 1% level of significance. The estimated equations using total
capital assets, (7) and (10), are not significantly diverse for the
two samples, since differences in the productivity of workiag and
fixed capital are being aggregated.

Since the respective samples exhibit diverse production functions
in the cases of fixed and working capital, let us examine these differences
more closely., Let kgs be defined as the observed averaged fixad
capital-labor ratio for U.S. firms aud k% be defined as a similar
variable for Indian-owned firms. A comparison of observed means,
kgs/ki yields a value of 1.296, indicating that U.S. firms employ more
fixed capital per man than do Indian firms.

When we adjust the capital-intensity of the U.S.-owned firms to
reflect the tangency of the U.S. firms' isoquant and the Indian firms'
wage-interest constraint, we can recalculate kgslk: equal to .391.

This can be interpreted as follows: the technology of U.S. firms is
inherently less capital intensive than that oy the Indian firms in

terms of fixed plant and equipment. In Figure 2, therefore, when facing
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a similar set of factor prices, the U.S. isoquant tangency occurs at
an average fixed capital to labor ratio below that of Indian isoquant.
When the constraint of ~qual relative factor prices is relaxed, however,
and observed capital-intensities are examined, U.S. firms tend to
exhibit more capital-intensive operations. These findings are con-
sistent with the view that U.S. firms face higher wage-interest ratios
and therefore, are encouraged to select a capital-labor mix biased
towards capital use.8 U.S. firms may face higher wage-interest
relations as they. (1) may receive direct or indirect interest sub-
sidies from LDC governments which stimulate the use of capital; (2)
have greater access to internal capital from multinational parent
companies at lower real interest rates; and (3) face perhaps stiffer
union pressure than domestic firms, which raises relative wages.

In terms of working capital--inventories, cash, and input stocks--
a similarly defined ratio kgs/ki of .758 can be calculated. Thus, the
average observed working capital to labor ratio for U.S. firms is less
than the similar measure for Indian firms, perhaps due to management
differences or a higher opportunity cost of capital for U.S. firms.
The U.S. sample's output elasticity of working capital is significantly
above that for the Indian firms; so that although the average holdings
or working capital are low, its productivity is high.
Iv. Summary

We estimate Cobb-Douglas production functions for U.S.-owned

and Indian-owned manufacturing affiliates.’ We discover that U.S.
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firms in our sample of manufacturing affiliates employ a less capital-
intensive technology but a higher fixed capital intensity than Indian
firms. Abstracting from possible differences in the age of capital
between samples, the inference is that the technology imported by or
developed for Indian firms would be more capital-using to produce the
same bundle of output produced by the U.S.-owned firms. We also find
that U.S. firms in India face a higher wage-interest ratio than domestic
firms and thus adjust the ex ante technology, so that on average they
utilize more fixed capital per man ex post than counterpart Indian

firms.
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FOOTNOTES

See for example Cohen, Hymer, Leff, Mason, Pack, Pickett, Reuber,

Strassman, Wells, and Winston.

See Courtney and Leipziger

See Winston.

us¥
k is derived as follows:
1
v (k)
a = 3K\V
b (L
oL 'V
v
9K = r
(2) av w
oL
K =_a (E
3 L b r

() K US = aUS

definition of relative
output elasticities,
where 3V/9K and 3V/dL
are the respective mar-
ginal products of capi-
tal and labor.

optimality in production
requires the relative
marginal products to
equal the relative
factor prices (e.g.
isoquant, factor-price
tangency).
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1 I w I
Gy &k =3 (7))

6)  let (wr)US = (wr)!

us* us I
2l b
=kl (2

5/ The very same results obtain if the U.S. sample is reweighted
to match the Indian industrial breakdown.

6/ This scaling procedure is less accurate, the more the
Cobb-Douglas diverges from constant returns to scale.

7/ To test whether or not constant returns to scale do obtain,
we take the logarithmic form of (1) and obtain (8) by simple
manipulation.

(8) In VA/L = 1n A + a 1n K/L + (atb-1) 1ln L + e

If the coefficient of 1n L is not significantly
different from zero, then constant returns to scale
do prevail - namely, a + b = 1.

Equations 13-15 test for constant returns to scale for
80 domestically - owned manufacturing firms:

(9) In VA/L=-.037 + .540 1n KF/L - .144 1n L
(5.59) (-2.01)

(10) 1n VA/L = -.716 + .572 1n Ky/L-.125 In L
(4.97) (-1.72)

(11) 1n VA/L + 1358 + .460 In K /L =-.114 1n L

(4.07) T (4.50)
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The calculated (w/r)I, where w is yearly wage per worker
and r is net return to capital, is .43, while (w/r)US is
.78.

Sankar finds that Cobb-Douglas functions cannot be rejected
in any Indian manufacturing industry except one in his 1950's
sample; however, he does find increasing returns to scale in
some industries.
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