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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, throﬁgh 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 (o) may be defined as the measure of the
éase with which the varying factor can be substituted for others; Hicks (1)

It is defined as:

__dx &
g = - x/ R ooo(l)
where R is the marginal rate of substitution of labour for capital:
R = - dk _ av/alL (2)
dL  v/aK tte

where V = value added, L = labour, and K = capital,
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If the production function is homogeneous of degree 1, ¢ can be

written as:

g = av/2K ° av/al
v.azv/‘aKaL

...(3)

Allen (2).
Substituting partial derivatives and cross-second derivatives into

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

tion:
o’=——-£——_—
1-cf/xf!
or
g = b = b WL ..0(4)
1-c(14R/x)  1l-c(1+ ;E)

where wL = share @f labour in value added,

rK = share of capital in value added,
X is capital labour ratio and b and ¢ are coefficients derived from the

production function estimated and discussed below:

Q+ arvtdemn a1+ o £AT1TAsdnme Fimardanage
wial I—-I-Llé Wi Ll LT LUJ..LUNJ-IIE L U LAUVLIO o
log V/L = log a+ b log W+ c log K/L+ e - «e.(5)

when the production function V = F (K,L) is homogeneous of degree omne,
then V/L = F(K/L,1). Set V/IL=Y and K/L = X, then we have Y = £(X) or
V=1 £(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);




W= £fX) - xf'X)
= Y-x (dy/dx), and e (6)
r=f'X)

where f'(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)) + ¢ log X e (7)

1-1
By solving for dY/dX and substituting for Z = Y b, Lu and Fletcher (5)

derive the following function:

= [BK P+an (/L) S(1*P) Py .. (8)

<
|

1
p

where 1
o= a b, and 8 is the constant of

p =L =
b-1° " T I

integration. By setting a = (l—t‘i)r-p and B = Gr_p, we obtained:

= r[sKP+(1+6)n /L) PPy 5 | e (9)

<
|

Pt v an

This function is a generalized form 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.




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

(10a) Log V/L

log a; + bl log w + Ul

loga2+b2 log w+ C

log a3'+ b3 logw+ C

(10b) Log V/L

log K/L + u

2 2

(10c) Log V/L log K/L+d, log L+ u

3 3

3

where
V = value added in Rs.
L = Employment (fotal workers, i.e., productién plus non-production
workers)
w = Average wage rate of workers in Rs. per man-da

K = total fixed capital in Rs.

The form of production fumction can easily be tested. For example:
(a) our null hypothesis may be H& d3 = (0 tests whether the returns to

scale are constant,

(b) Ho : C1 = o tests whether the production function is of CES oxr VES

form

(c) Further b1 = o when Cizo, or that b1 = 1 tests whether production

function is of the Cobb-Douglas type; and




(d) That b1 = 0 when C1 = o0 tests whether the production function is of

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

Results

Table I presenfs the details of the three equations (10a, 10b, and
10c)estimated for 43 ASI industry groups for the year 1966. The first
thing to be noted is that out of 43, 11 industries have d3 # o or in
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 iction.
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.




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

industries generally employ labour intensive technology which results in




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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Tatle It Production FMunction in Indisn Manfacturdne Industries = 1966

Elasticdty

Indust of mbati~ b Form of = =2 2
i tatdon B 2 bs o °s 5, the R
. function
1 Rour Mills 061 T L7822
. (2.1%08) * _eo | - 228 « 202
805 2 VES ., 250 37
(150) * (1.165) il 5
2 Moe Mills 2, 5950 2, 05
(s3a0)® +6850 «700
2.140 097 CES/VES 619 I3
(5.169) * ' (.790) ' i
(2'2_.'23. (;%g. ( ;gzs'o Constt, 54T +.T41
. . » RS
3 hgar 5,41838 1.€608 <587 od
(2938)* ®
1.738 « 597 Cobb=- 515 «598
(s.508) * : (1.98)" Doglus
(e aife B R
_ . . RS,
4 Miso, Pood Products 1,080 1,047 8 86
(6.0%) * .838 «861
889 .088 CES/VES .81 .
(2.181)* 1053 (.434) i 3 8es
.0 005‘ -.115 wj’tt. .’8‘ .818
(2,015)* (.241) (=.575) R.3

Contd.,



Flasticity Form of

Indust of mbstie b ‘ a e 12
7 magim " 2 b3 °2 3 5 fun(t:lg?.on
5 Mitle Oils .4898 .488 087 1567
: (1.49) **
osm -0041 LQD‘ .005 .158
SB2 165 J155 Cmstt. OXt - 255
' . (.a8) (.450) (1.138) .
6 Toa & ffes 2 5044 1.78 .63¢ T
(¢.00)* '
958 1.011 Cobb=Do. .860 «800
(2 378)" : (2.958)" uglas
‘ <958 1.011 +000045 Constt, .8268 400
\ (z.007)" (1.,906) *
Y Totasco & Prods, . 4464 504 .085 21996
(2.32)
143 584 oth- 597 «697
(.888) (s.142) " Douglas
.0989 .405 ..010 Wﬁtto .56‘ . .7”
_ ] (.557) (s, 113)* Rts,
'8 Cotton Textiles 1.1438 .859 .782 795
' : (7.657)* -
" 019 0484 VESLCES ,TT0 o799
(5.565) * (.507)
K ¥ 049 ,002 Congtt, 753 799
(.408) (.4888) (.050) BRts,

Contd..



K astioity

Form of

Contd, .

Industry of mbsti= b b, by oy o 4 the ¥ ¥
m&jgp unction
9 Textile Dying 2, B2 1.686
Bl eaching ctc: \ (1.659) " -678 -89
‘ 1,705 .085
(1,028) % . om (.528) VEYOES 8% 098
-55 "olm &m‘tto 08" .956
(3.150) . . ‘.973). ('1.7"7) n‘o
10 Sk & Art Sk 201 1.947
. | 959 948
.5
G S
502 .224 0694 975 .
(9.5%9)" (s.588) * (1.448) " 983
11 Tiread Ball 11%0 5897
Carpet meking eto. ) (1.923)* -2 -3%
0584 . .01 Cotb= .6
(.252) _ (s.222)" ' Douglas - 2 -6%0
(599) (i@ (dwnt N
. 2,580 2
12 Sav Milling ed 8958 9915 |
led m. L (a:a“)‘ } .“s .507
14446 -, 259
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1,55%7 - 248 -.0354 Constt. ,559 57
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Industiry

Hasticity

Form of -2

of mbgatie ) b c c d the R
futian % 2 5 2 S Sfunction
18, Wood & Pumniture -7892 .8983 141 T
Mg facturing (1.523)**
4778 . 2152 VES/CES 0302 218
(.6860) (.,44352)
1.45215 - 4751 5322 Cotb= 3119 ° 5699
(1.8¢6)" (=.T15) (1.859) "Douglas
14, Paper & Peper 1,4580 1,6188 102 218
Products (1,837 "
1.7463 -,1018 104 « 283
(1.748) " (=.345) VES/CES
.T106 0470 5868, 428 5955
_ ' (.779) (.1921) (2.351)
15. Printing & 5,4429 1,085 611 .638
Photogrephy etc, (s.017)*
.796 « 2500 .689 g2
(s.8407) " (217m)* Ootb, _
] Dougl as
.696 .26 L0619 .702 .758
(80051) . (10812) * (10 t’g) Constt,
Rtsa,
16, Leather & Leather +8591 1.009 «582 <560
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+5569 -, 2446 Cotb- .675 .784
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(3.154) * (=1.192)
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Elasticity

Form of

? 2
Indu stry of mbsti- b by by o2 °s dg fntifon R R
17, Mtber Products 4,954 1,3859 .6%8 .688
(5.641)*
4628 .607 .,855 ,898
(1,239) (5.167) *
- 177 .T58S 2752 Cotb, L0738 .987
' (.~92t6) (9.403) * (5.525) ™ouglas
18, Chemicals & Porti- «Lan J114 =075 ,004
1izers (.228) '
5185 - 2554 Leon= «,018 ,129
(.6388) (-1.%108) tief's
.4808 -, 26 -,0814 Constt.=,00¢ ,140
(,7118) (=1, 28) (-.576) Rts,
19, Drugs & Pharue~ 1,.5681 1.5298' _ 8 .41
cemticals (5.614)
1.&8" ".0725 vwcw ."13 0161
(5.467)® (=.897)
1.9&8 "00‘9‘ "015534 o.’a .81‘
(600"1) * ("0“6) (‘1.%5) -
0, Refractories 5088 I «383 454
(2474) *
75296 -1 267 VES/CES ,407 559
(2.76)® (31.264)
4894 .0008 .1884 601 I%
(1.908) * (.0083) (2,099)*

Cantd,,



Elasticity

Form of 2
Industry ott:ttlti:::i b, b, b, oy 3 da funES on R
21 Gles & Glass Ware 1.3113 1.3781 «962 .968
(13.366)* » ,
1.4884 -.0451 VES/CES .957 .969
(6.440)° (~.5421)
1.5671 -, 0479 -.053 <964 .9797
(7.196)* (=e631) (~1.421)°
22 Chinaware & Pottery 2.1232 1.6617 <512 567
(3.234)"
1.5611 «09%45 VES/CES .472 .589
(2.793)e (. 619)
1.4235 .0786 «1218 Constt..446 «631
(2-386). (0‘381) (omOS) Rts. .
23 Cement & its Products. -e3413 « 9063 .087T .170
: (1.433)ee
—.02603 06195 0907 0924
(=.116) (9.458)¢ Cobb.
1.5671 - 0479 -.053 <964 9797
(7.196)* (~.631) (~1.421)
24 Stone 1.0992 1.09091 «8609 .878
other minerals etc. : (7.9319)
1.0477 «0237 Cobb. « 844 +875 )
(3.9102)¢ _ (.1922) Douglas
-8955 . 1135 00711 Conttt. 0829 0880
(2-2«)5). (151‘0) (05“1) Rts.



Elasticity

Form of

Industry of substi- b,y bo by ¢y g d3fun§2&nl K2 R?
tution
25 Iron & Steel + 1849 .0736 -,061 .014¢
(.440) _ .
.0968 «2365 Cobb. .« 188 304
€. 6593) (2.2335)¢ Douglas
« 1803 «3612 ~+1214 Constts..213 .382
(1019) (2-4299). (’10177) Rts.,
26 Iron & Steel, Forging & « 7114 1.3681 «087 157
Casting : €1.4964 )%
- 2.3038 -,5597 VES/CES .112 .249
(1.”2). ("101566)
2.1803 -. 596 .0723 Constt, 0325 .255¢
R _ , XXXXX Rts.
(1.6444)°~ (~1.0078) (.3098)
27 Iron & Steel Structurels 1.3893 1.5864 «T708 +.732
, (5.4869)* _ . ,
1.6328 -, 0453 VES/CES .681 .734
(4.6558)¢ (=.2612)
1-8489 --1493 "01525 o718 -781
(5.118)* (=.8385) (=1.4931)°e
28 Non~Ferrous Basic Metsls 2.1136 1.948 « 8009 .829
' (5.4000)* . ' .
1.929 - 067 VES/CES .773 .838
(4.986)° . (.513) :
’ 2'5561 0054 "02385 -860‘ qu
(50910). (0524) ("2-033‘).

Contd..



Elasticity

Form of

. : . 2 2
Industy of substi- b b. b c ¢ G the K R
y tution 1 < 3 2 -3 3 function
29 Metal Containers «4738 «575 UES/CES .339 .433
' (2.141)* « 929 -.414 © o .422 587
(2.573)°* (~1.3068)%e
« 9903 -,385 -.0388 «304 « 602
(2.324)° (~1.128) (-.391) Constt.
Rts. .
30 Bolts & Nuts, etc. 1.4471 1.459 VES/CES .573 615
(3.795)° v
' ln471 —-007 0519 -615
(2.353)* (-.026) _
10096 .009 0145 Consto 0&6 0632
(10606)“ (0033) (10212) Rtse.
31 Metal Rous (Except 1.4072 1.709 VES/CES .793 « 809
Machinery (7.122)*
1.909 - 194 0795 .826
(6.259)¢* (-1.0F8)
10922 -y 106 “00086 COﬂSlt 0774 0826
(5.677)° (=1s012) (~.118) Rtse
32 Textile, Sugsar and +4165 .3221 VES/CES .146 252
Tea Machinery (14537)%e
0241 -1736 Olg .365
(1.083) (1.029) "
0232 '1E73 0027 Consl- . .0135 0386
(.959) (0846) (0417) Rtse.



Elesticity

Indust f substi b b b form of R R2
ndustr of substi- . c ¢ the
y tution 1 e 3 2 3 3 function '
33 Machine & Tools .0429 - 227 -y 102 +008
("’0266)
«0717 -e193 Leontief =.197 <043
(0069) (-.541)
- 8493 ~e342 « 530 +110 «377
(-.833) (-~1.081) (1.938)*
34 Agriculturs]l Machinery 1.1588 1.708 VES/CES .776 +801
(5.673)* .
lo598 "-185; 0771 0822
(4.899)* (=.903) .
1.597 -.227 -.058 Constt. .T739 « 826
(‘-589). ("0931) (-0388) Rtse.
35 Steam Engines & 1.10756 +9445 VES/CES +543 «594
Turbainsg (3.421)°
« 9T 046 «454 « 607
(3.259)¢ : (.479)
.&338 .033 ows Constt, -419 .613
(20215). (0291) (0301) R"o
36 Elect. Cables, Wires, 1.3606 «959 229 «315
(1.917)° A
» 6358 346 Cobb. « 378 051‘
(1.300) - (1.692)ve Douglas
10411 02414 "0233 0‘67 0“5
(2.047)e (1.199) (~23488)**

Contd..



Elesticity -

Form of P
Industry of substi- by b2 b3 <y g d3 the . 72 R2
tution function -
37 Bettaries & Redios 1.0554 (5 ig;g. CES/VES .181 .813
" .8528 " .1024 .744 .817
(1.9897)°. (.3247)
. 848 +.0937 .0136 Constt. 06798 0817
. ' (10158). (02486) (00“) Rts. ) .
38 Ships & Bosts 17.4631 (3;3239. ' CES/VES .621 .668
) . 7868 . .1605 . 651 .138
(3.659)* . (1.269)
1776 .1565 .007 Constt. .582 .739
_ (2.919)° (1.077) (.907) Rts.
39 Railways & Rolling 1.0897 1.2116 .795 +816
Stock (6.3135)*
1.2192 -.0168 CES/VES .7172 .818
(5.976)* , (=.298)
. 8965 -.0233 .0712 .858 « 9007
(4.287)* (-.5227) (2.418)*
40 Man. of Motor Vehicles 1.3714 1.3568 .604 .640
(4.219)*
1.2192 ~.0168 CES/VES .7172 .818
(5.976)° _ (~.298)
K - 1.8265 .1092 ~.2195 Constt. o567 «685
(2.712)* (.412) (~1.0674) Rts.



Elasticity

. : : Form of 2
Industry of subgti- b b c c d the R2 R
tution 1 2 b3 2 3 function
41 Repair of Motor 1.1220 1.2714 «813 .824
Vehicles (8.911)° o
(8.683)* (-.547)
1.2214 -.0141 .0344 «820 « 850
(8.719)¢ (~.422) (1.5193)°¢e
42 Motor Cycles and 1.8114 . 8585 Cobb. « 632 . 678
Bicycles (3.84) Douglas
.6414 «299 .787 840
(3.352)° , (2.473)* .
"« 8001 .274 -.064 Constt. 0751 - 848
(20 125)‘ (10913). (-0502) R"o
43 Gen. Trans. & Dist. 2.0318 1.6096 CES/VES .117 «232
' of Electricity (2.057)°
1.5141 . 1625 <125 242
(1.803) (.410) .
1.5679 ~.241 «5196 +509 607
y (2.491)* (-.78) (3.341)e°

Figures in brackets are t-values.

* gignificant at 5% level of significance
** gignificant at 10X level of significance.



