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FACTOR SUBSTITUTION POSSIBILITIES IN INDIAN MANUFACTURING INDUSTRIES 

Sharif Mohammad * 

Relative factor prices and the extent of substitution possibilities 

among factors of production play an important role in formulating poli-

cies for generating more employment opportunities and thus redistributing 

income in the developing countries. The argument for developing small 

scale industries, in such countries, through encouraging these industries 

by providing cheap loans, raw materials, marketing facilities, etc., is 

generally justified on the ground that these units use labour intensive 

technology. In a labour-surplus (and short of capital) economy the most 

appropriate technology is one which reflects the relative supplies of 

these factors. 

In the present exercise we attempted at estimating the substitution 

elasticities between labour and capital (two main factors of production) 

using a standard VES-production functions (which is a generalized variable 

elasticity of substitution function). 

Elasticity of substitution(cr) may be defined as the measure of the 

ease with which the varying factor can be substituted for others; Hicks (1) 

It is defined as: 

where R is the 

where V = value 

CJ = _ dx I dR 
x R 

marginal rate of 

R = _ dK = iiv/aL 
dL -.v/'8K. 

substitution of labour for 

added, L = labour, and K = capital. 

••• (1) 

capital: 

••• (2) 
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If the production function is homogeneous of degree 1, u can be 

written as: 

••• (3) 

Allen (2). 

Substituting partial derivatives and cross-second derivatives into 

(3) we obtain; (according to Lu and Fletcher (3): Elasticity of substitu-

tion: 

b u = 1-cf/xf' 

or 
b b ••• ( 4) u = = wL 1-c(l+R/x) 1-c(l+ -) rK 

where wL = share Of labour in value added, 

rK = share of capital in value added, 

X is capital labour ratio and b and c are coefficients derived from the 

production function estimated and discussed below: 

Starting with the following functions: 

log V/L = log a+ b log W + c log K/L + e ••• (5) 

when the production function V = F (K,L) is homogeneous of degree one, 

then V/L = F(K/L,l). Set V/L = Y and K/L = X, then we have Y = f(X) or 

V = L f(X). Let W be the wage rate with output as numeraire. Assuming 

competitive markets for labour as well for the product; Arrow, Chenery, 

Minhas, and Solow (4); 

-- .:~... ; .. _ . 
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W = f(X) - xf' (X) 

= Y-x (dy/dx), and 

r = f 1 (X) 

••• (6) 

where f 1 (X) is the marginal product of capital, f(X) - f'(X) the marginal 

product of labour and r returns to capital. Now by substituting (6) into 

(5) we get: 

log Y = log a+ b log (Y - X(dY/dX)) + c log X 

1-1 

••• (7) 

By solving for dY/dX and substituting for Z = Y b, Lu and Fletcher (5) 

derive the following function: 

where 

1 
v = [SK-p+an(K/L)-c(l+p)L-p] p 

1 

•.• (8) 

1 
P = b-1' n = 1-b b 

1-b-c'· a = a and S is the constant of 

integration. By setting a= (1-o)r-p and S = or-p, we obtained~ 

••• (9) 

This function is a generalized f onn of CES production function. 

Lu(6) has shown the following properties of this function: 

(1) Positive marginal products, 

(2) Downward sloping marginal product curves over the relevant ranges 

of output, 

(3) Homogeneity of degree one, and 

(4) Variable elasticities of substitution. 

..- ...... ,:._ . 
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Data and Estimation of Elasticities 

We have used the .Annual Survey of Industries (ASI)(7) data, for 

the year 1966. Out of more than 50 industries (or group of industries), 

given in the AS! Reports, we have estimated elasticities for 43, in-

dustries. In this cross section of data various States' information 

were the observations for each industry. For capital (K) we have taken 

only fixed capital into consideration. With this data we have estimated 

following equations to test different hypotheses about the form of 

production, returns to scale and elasticity for each industry: (8): 

(lOa) Log V/L = log al+ bl log w+ ul 

(lOb) Log V/L = log a2 + b2 log w+ c2 log K/L + u2 
(lOc) Log V/L = log a3 + b3 log w+ c 3 log K/L + d3 log L + u3 

where 

V =value added in Rs. 

L = Employment (total workers, Le., production plus non-production 

workers) 

w = Average wage rate of workers in Rs. per man-days. 

K = total fixed capital in Rs. 

The form of production function can easily be tested. For example: 

(a) our null hypothesis may be Rd d3 = 0 tests whether the returns to 

scale are constant, 

(b) H 
0 

form 

C = o tests whether the production function is of CES or VES 1 

(c) Further b1 = o when c1:o, or that bl = 1 tests whether production 

function is of the Cobb-Douglas type; and 

- ··••·· ,:. .. 
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(d) That b1 = o when c1 = o tests whether the production function is of 

the fixed input coefficient (Leontief) type. (Cf, Yeung and Tsang (9)). 

Results 

Table I presents the details of the three equations (lOa, lOb, and 

lOc)estimated for 43 ASI industry groups for the year 1966. The first 

thing to be noted is that out of 43, 11 industries have d 1 o or in 
3 

other words d3 is significantly different from zero at 5 per cent level 

of significance and for six more industries it is different from zero 

at 10 percent level of significance. That means 17 industries show con-

stant returns to scale. Some of the important industries, which do not 

show constant returns to scale, are wood and wood products, paper and 

paper products, rubber and rubber products, drugs and pharmaceuticals, 

cement and its products, machine and tools, non-ferrous metals, railway 

rolling stocks, and generation, transmission and distribution of electricity. 

In this group of industries only one industry, machine and tools, shows 

Leontief type of production function. The rest of the industries of this 

group show either Cobb-Douglas or CES/VES trypes of production function.' 

Industries based on agriculture and mining are showing the Cobb-Douglas 

form and the others CES/VES. The main industries which are not showing 

constant returns to scale but showing Cobb-Douglas form are silk and art 

silk manufactures, rubber products, and cement. Other industries showing 

Leontief type of production functions are edible oils (including hydrogenated 

oils) and chemicals and fertilizers which also show constant returns to 

scale. 

,:.. " .,.- .· ••.. :> .• 
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Out of the 27 industries, which show CES/VES, 16 show constant returns 

to scale and 11 variable returns to scale. Two out of three Leontief type 

industries show constant returns to scale. Similarly, 8 out of 13 Cobb-

Douglas type show constant returns to scale. 

Elasticities estimated by the formula (4) show the following pattern. 

Fifteen industries have an elasticity coefficient of 1.0 or less than 1.0. 

Seventeen show an elasticity between 1.0 and 2.0 and rest of the eleven 

industries have an elasticity, 2.0 and above. The lowest elasticity turns 

to be .049 for machines and tools, and the highest for ships and boats 

(17.4631) which looks to be very high. The second highest elasticity is 

for sugar (5.4183). 

Conclusions 

It can be implied from the results about the elasticity of substitution 

that quite a large number of industries in India, have elasticities above 

unity which means there are ample opportunities of substituting labour for 

capital and thus sufficient employment may be generated in the economy so 

that the share of labour in the economy is not falling and hence the income 

distribution is not deteriorating. However, in the case of industries 

where elasticities are below unity, the scope for more employment generation 

is very limited. 

These results also give support to the argument for developing the 

small-scale-sector even at the cost of providing subsidies and cheap loans 

(both in form of cash and raw materials and import licences), as these 

industries generally employ labour intensive technology which results in 

-· · .... 
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higher employment and more equitable income distribution. The same argu-

ment may be extended to bring into its fold the foreign trade sector; by 

arguing for the expansion of labour intensive exports and import-substitution 

(particularly in capital intensive industries). 
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(2.919)• (l.077) (.907) Rts. 

39 Railways & Rollin9 1·0897 1.2116 .795 .816 
Stock (6.3135)• 

1.2192 -.0168 CES/VES .772 .818 
(5.976)• 

~8965 
(-.298) 

-.0233 .0112 .856 .900'1 
(4.287)• (-.5227) (2.418)• 

to Man. of Motor Vehicle• 1.3114 1.3568 .60& .640 
(4.219)• 

1·2192 -.0168 CES/VES • 772 .818 

~ 
(5.976)• c-.29&> 

.l.8265 .1092 -.2195 Constt • • 661 .685 
<2.112>• (.412) <-1.0674) ., .. 

·i 



Elasticity 
b2 Industry o1 &Lilia ti- "1 i>3 c2 tu lion 

41 Receir of Uotor 1.1220 1.2714 
Ve icle• (6.911)• 

1.2659 -.0169 
(8.683)• (-.547) 

1.2214 
(8.719)• 

ta Motor Cycles and 1.8114 .6565 
Bicyclu (3.8')• 

.6414 .299 
(3.352)• (2.4'13)• 

.8001 
(2.125)• 

43 Gen. Trani. 3 Di1t. 2.0318 1·6096 
ef ElectricU7 c2.osn• 

1.5141 .1625 
(l.603) (.410) 

1.567? 

/ 
(2.491)• 

-
Figut"es in brackets are t-values. 

* significant at 5% level of significance 

** significant at 10% level of significance. 

Form of ~ C3 d3 the 
function -

.813 

CES /VES • 605 

••.0141 .0344 .820 
'C··.422) (1.5193)•• 

Cobb. .632 
Doug las 

.767 
• 

.~74 -.064 Constt •• 75'1 
(1. 9'13)• c-.s02> Rta. 

CES/VES .177 

.12s 

-.241 .5196 .509 c-.1s> (3.3-i l)• 

a2 

.824 

.827 

.850 

.678 

.840 

.648 

.232 

·242 

.607 

\ 

.; 

\ 

' 

.; 

.; 

' 


