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CHAPTER ~ V

COBB~-DOUGLAS FRODUCTION FUNCTION

1. About the Punction

As - noted at the end of Chapter III, given the
elasticity of substitution between say, labour and
capital, we can always examine the relationship between
wage share on the one hand and\variables-like capital/
labour ratio and relative prices of factors of production
on the other hand for a given dindustry. The constant
elasticity of substitution (CES)! production function
(under certain assumptions) provides a formula to estimate
the (constant) value of elasticity of substitution bepween
labour and capital. Before we estimate such produqtion
,functidn it would nof be out of place first to examing
and test the validity of the most celebrated préduction
function, namely, the Cobb-Douglas production function

where elasticity of substitution is always equal to unity.2

1. Kenneth J.Arrews Hollis B.Chenery, Bagicha Minhes and
. Robert M.Solows "Capital Labor Substitution and Economic
Efficlency", Review of Economics and Statietics,Aug.,1961.

2. This is true even 1f we do not specify constant returns
to scale (see mathematical note given in Appendix).
R.G.D. Allen's proof start,s with the assumption of
constant returns to scale, see his Mathematical Analysis
for Economists, For the earlier version of the Co
=Douglas production function, see Cobb and Douglsas,

"A Theory of Froduction", Americen Economic Review,
Marech, 1928. B
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The Cobb-Douglas type of : .fiwction has been tried
through:out the world in 'bhé case of ’manufécturing . sector,
The choice in favour of this function appears to have been
due to many interesting properties of the function (see
mathematicsl note in the Appendix). While testing v=bLc'~~
(V = product, L=Labour, and C= capital) for the American
manufacturing industries during the first quarter of 20th
century, the authors of the production funetion estimated
the value of «( , the share of labour (also the pr;aduction
elasticity with respect to labour),leaving- the share qf
capitel to be determined by (1- ). interestingly enough,
the product estimated for each year did not show & signifi- .
cant divergence from the actual product. The actual sh'a}re of
labour also did not diverge much from the value of the

labour exponent.

Following the criticism by David Duremd’, Cobb
and Douglas later on fitted the modified version of the
function, namely, V = bf(cp, making the exponent of
capital ( B ) to be determined independently, =0 as to
give the value of (<+ p) either greater or less than
unity, indicating the presence of either increasing or
decreasing returns to scale respectively, as against the

assumption of comstant returns to scale under B=1-%.

3. D.Durand: "Some thoughts on Marginal Productivity
with special reference to Professor Douglas Analysis",
Journal of Political Economy, Dec.1937, pp.740-758.
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Apart from the aggregation and me&éuremnm problems
of the variables, the -Douglas type of produétion function
is attacked on various grounds.The first objectioni
against the function is that it suffers from the inter~
~correlation among different factors of production. Such
multi-collinearity is defined as the gemeral problem which
arises when some or all of the explanatory veriables in a
relation are so highly correlated with one anothertthat it
becomes very difficult, if not impossible, to disentangle
their separate influeﬁces and obtain reasonably precise
estimate of their relative effects.4 However, as Klein
points out, the multicollinearity will create & prqblem
only when the degree of interrelation between say capital
and labour is so high that it exceeds the oveiall degree
of multiple correlation among all variables siﬁultaneously.
"Production functions with overall correlations much in
excess -of 0,95, as often occur in practice, can be well
'estimgted with inter-correlations between labor and capitel
as high as 0.8 to 0.9, If these functions were not well-
estimated, we would tend to find high sampling errérs of the
estimated coefficient ..... It does not appear that the
Douglas type of research is open to the~charge}tha£ the

estimates are plagued by multieollinearity".5

4. J.Johnston: Econometric Methods, (New York: lMcGraw-Hill,
1960), p.201%

5. Le.R.Klein, An Introduction to Econometrics,(New Delhis
Prentice-Hall, g9),p.101%,
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Another ﬁttadk on the function»;s in connection
with the identifichion probkm. The Cobb-Douglas production
function; they argue, is not capsble of identifying when
considered in relation to the cost function, namely,
- V=x,Py + X,P, (EH end P, - being the prices of the factors

6 o

X, and x, respectively) unéer equilibrium conditions.
meet the objection,what is required is, for example, the
shifts in the function.. Without such shifts it would not
be possible to tell whether the plotted poimts represent a
production function of the Cobb-Douglas type or the cost
function. However, an introduction of & new varisble re-
presenting say, technical chaﬁge,(the~time~element in our
time-series analysis) helps overcome the difficulty of

identification mentioned- above.

The Cobb-Douglas production function ie also
criticised on the ground that the variables which appear
in the function are all endogenous variables and hence:
they are subject to simultaneous determination. The

implicit assumption of the function is that output depends

6. J.Marschak and W.H.Andrews: "Random Simulteneous Equa-
tions and the Theory of Production®: Econometrica,duly-
Oct.1944. See also M.Bronfenbrenner: "Neoclassical Maecro-
~Distribution Theory" in The Distribution of National
Income, Proceedings of a Conference held by International
Economic Association, ed.by Jean Marchel and Bernard
Ducros, (Londons Mecmillan,1968),p.486, and E.H.Phelps
Brown: "The Meaning of the Fltted Cobb-Douglas Produc-
tion Funttion", Quarterly Journel of Economics, Nov.,1957.
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on inputs and not vice-versa. As Klein points out "The
>assumption of this unique line of causation, when it is,
infact, not the cése, will lead to statistical bias in the
estimates of parameters....,. that Dougias"reéults‘are
open to the pit falls of single- equation bieses", but,

as he further points out, "we are not able to‘juﬁge the

seriousness-of this charge".7

2. Yarious Fetimates ¢ ' )

Based on the Douglas type of production function,
a number of time- series and cross-section studies:fer
manufacturing heve been carried out in the countries
like the'United States, Canada, Australis, New Zealand,
South Africe and others. Most of these studies agree
_ with the results derived by Cobb and Douglas. The following

Table V-1 displays some of the estimates mentioned above 3

, Table V-1 ;
Different Estimates of Cobb-Douglas Production Function.
Country/State Period covered Velue of value of
labour capital
— exponent exponent
1 2 D 4
UeSed - 1899“1922(time Be'ri'ee) Oo 63 0030
U.S.A. 1889-~1919(average of six
' cross~-section studies) 0.63 0.34
Australia = 1912-1937(average of nine
cross-gection studies) 0,60 0,37
South Africa Cross-section study. “ 0.65 L 0.37
Victoria 1907-1929( time-series) 0.84 0.23
oy South 1901-1927( time-series) 0.78 0.20

Sources L.R.Klein: An Introduction to Econometrics,(New
T Delhi: Prentice-Hell,1969)p.95.

7. L.R.Klein, Op.cit.,p.102.
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In tﬁg case of Vietoria and New South Wales, the
labour exponent has been on the high side while thet of
capital on the low eide. This has happened because time-
series data in these two states were not adjusted for
the trend.The presence of tecnnological progress would
introduce & bias in the output and other variables over
time, unless the trend is extracted from the variables,
| Douglas' estimates of the exponents show that either they
add up to one or give a figure slightly less than one; this
indicates the presence of either constent returns or

decreasing réturna to scale.

In India very few attempts have been made to estimate
the factor shares and test the validity of the Douglas
type of production function.® The following Table V-2
sunmerises such estimates of factor shares in India. Murti
and Sastny's’study is based on the balance-sheets of the
joint-stock companies, and hence it considers firms rather
thaq industrial sggregates. They have used labour input 4s

the value of labour in terms of wages and salaries, Other

P

8. See,for example, J.Tewari: "Productivity of Capital :

. Investment in U.P.", Bulletin of the International
Statistical Institute, Vol.XXXIII,Part I11,1951; M.M.
Dutt, "The Production Punction for Indian Manufacturfes",
Senkhya, Vol.15,Part IV,1955; R.J.Bhatia: "The Produc-
tion Function for Indian Menufacturefs,1948%, Journal
of Bomba niversity, Januery,1954; V.N.Murti and

Sastry V.K., "Production Functions for Indian Industry",
Econometrica, Vol.25,No.2,April,1957.
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studies have considered employees as labour input. Bhatia

has also:examined avefﬁgee»per~£irm in each industry.

Table V-2
Estimates of Cobb-Douglas Production Function in India,

Year Author ~ Exponent of Exponent of

labour cepital

1 2 3 4
1946 M.M.Dutt \ © 0477 0.23

J.N.Tewari ' 0.66 0.31
1 947 MtM‘o Dutt 00 57 00 50

J.N.Tewari 0.68 0.47
1948 R.J.Bhatia 0.59 0.44

M.M.Dutt 0.67 0.26
1951 SV.N.Murti & V.K.Sastry' 0:59 0040
1952 V.N.Murti & V.X.Sastry 0.53 0.50

Source: V.N.Murti snd V.K.Sastry: "Production Functions
for Indian Indus+try", Econometrica, April,1957,p.212.
The gieatest drawback of all these studies, however,
lies in the fact that they have used the book values of
fixed ocapital to arrive at the measure of capital input.
The book value of fixed assets, as noted in Chapter I\X,
does not reflect the true value of capital. The present
mathod'oﬁ_depreciating the fixed as;eta iﬁ fact, does not
meet~the<requirements for economic analysis« Murti and
Sastrﬁ'a séudy, however, could be cbnsidereﬁ felaiively
superior, as it is based on firm to firm veriations within

en industry.
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3. Scope of the Present Ansalysis 3
The analysis here attempts to estimete the Douglas

type of production functiqn by considering both cross-
section and time series data. The cross-section study |
refers to the large-scale (two-digit) manufacturing
industries for the year 1964, tﬁe data for which are
derived. from the Annual Survey of Industries, The time-
series study relates to the totel of 28 ASI industriés
which are camparable to CMI industries (see section-3

Chapter II). The period “covered is 1946 to 1964.

The products«. used in the anglysis refers to the
grosé value added.g'The‘pbysical'measure of outpﬁt would
be a superior variable. But in the absence of availability
of such figures, we have to rely on value added figures.
The labour input when defined as the amount of labour which
e unit of currency can buy, turns out to be the total wage
bill aceruing to the workers (or wages and sslaries accruing
to the eﬁployees). Total number of workers (or employees),wheve
one year is the length of time, 1is another measure which
can be used for labour input. Since the data on.man—bouré
worked (where one hour is the length of time) are available

from the Annuel Survey of Industries, they are used as labour

9. Since we consider capital gross of deprecliation as
representing the true velue of capitel as a factor of
production {(as per discussion in-Chapter IV), the
relevant concept of output would aslso be gross of
depreciation i.e. gross value added.

-
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input for thé cross-section analysis. "In general, when
man-hour measures are available, they are preferable from
an econometriec point of view.".1o The—ngmber of men-hours
worked during a particular year is calculated by multi-
plying the number of workers employed in each shift by

" the number of hours in the shift and aggregating the
products for all shifts on 2ll the working deys in the

year.

The total of fixed capital as reported in different
Asources of industrisl statistics is actually a combina-
tion of many items:like building, improvement to land

and othe? construction, plant,'machinery, tools, transport
equipment and other fixed assets.The components of working
capital are materials, stores, fuels, semi-finished goods :
byproducts -etc. Of these two broad categories of ecapital,
as noted in Chapter IV, working capital or inventories

do not require any adjustment. Bﬁt the fixed asset® being
accumulated over long period and being subject to accumula-
ted depreciation need to be adjusted before their use as
fixed capital. It is the grossyvalues (replacement values)
of fixed capital (adjusted for prices) which have been used

in the present analysis.

One'can arrive at the total value of productive

capital by adding up the value of inventories to the

10. L.R.Klein: Op.cit.,p.85.
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adjusted value of gross fixed capita&. However, in the
present analysis, the inventories are treated aé & sepa-
rate factor of production. The production function fitted
inits treditionel way without the breakdown of detailed
components of the total value of capital does not give
the -idea of relative importence and the roles plajed by
different categories of capital. Such a breakdown of
total capital into different categories assumes a gtill
greater importance in a developing country like India
where these categories grow at different rates during

the program of industrislisation. The extent of the
relative roles played by the major categories of ocapital
in a given situastion, it is hoped, would provide & sugges=-

tive anelysis of change and direction in investment pattern.

4. Cross-Section Analysis :

The cross-section analyéis, which refers to all
two—diéit ASI industries for the year»1964, estimates
the Douglas type of production function by considering
the gross value of fixed capitel in two ways: (i) at
current prices, and (ii) at purchase prices.The first value
refers to the replacement cost of assets, while the\second
. refers to the value of fixed asset at the price of the year

11

in which it was purchased. In the case of first relation,

11. It may be pointed out that the proper concept of
capital relevant to the analysis here is replacement cost
only. However, for different categories of assets it
was not possible to adjust for prices after obtaining
the value of assets at purchase prices.
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the total velue of capital is divided into (a) gross value

of fixed capital (&t current prices) and (v) inventories;
while in the second relation the gross value of fixed

capital (at purchase price) has been further divided into

(2) buildings, ;mprovemént'to land etc., (b) plant, machinery

tools, etc. (See Table V-3).

The following multiple regressions in their logarithmic

forms are fitted:

R B B

¥ = ?0 11 x2 x3 - o a(i) ‘
and V = B, xﬁ x§f1 ngz x%’ oo (1i)

where V = value added (gross)
x, = Man-hours worked
'x2 = value of gross fixed capital at current prices.
RN Building, improvement to land and other
construction (at purchase price)
X5, o= Plant, m&chinery, tools, transport equipment
and other fixed sesets (at purchase priece)

2z = Inventories.
The results of the logarithmie relations are as follows?

(1) Y = 0,206 + 0.270 X ¢+ 0.253'x2 + 0,453 X
, 7 37(0.,108) (0,076) (0.150)

RZ = 0.9814.
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(11) Y = 0,352 + 0.282 X, + 0.168 X, # 0.129 X, ,+ 0.398 X,
(0.134)  (0.153) (0.119)  (0.168)

rZ = 0,9805

where Y ='log V, Xy = log x4, X, = log X,
X9 = logx, 4, X, = log x, , end X5 = log X,

Figures in brackets indicate the standard errors of the

regression coeffieiants.12

The production funetion fite well in both the rele-
tions.Each of the regression coefficients estimated indi-~
cates the production elasticity with respect' to the factor

of production eoncerned.13 The value of the coefficient

12 If we run the regressions by considering the value
added net of depreciation, the two relations give the
following results:

(1) ¥ = 0.201 40,327X, + 0.167X, + 0.481X;3 R°=0,976
(0.121)  (0.086)  (0.169)
(11) ¥ = 0,304 +0,336X, + 0.157K, (+0.056%, ,+0.427X,
- (0.150)  (0.171)  (0.134)
R%=0.975
13. Marginal productivity of Xy, for example, is given as

AV _
2% By V/x,

) A Production elasticity W.r.t
., P1 'Bx1 . ¥ Y Wel e T x1.

Similarly for other factors.The marginal productivity
of any factor is & constant proportion of its average
productivity; if the factor is apid according to its
marginal productivity, the total payment to the factor
will be cmstant proportion of the total output.
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shows  the average percentage change in gross value addgd,
given the increase in the amount of factor of production
by one percent. A chenge of one per cent in mem~hour
worked, fo\r example, assuming no change in other factors, -
would mean a change of about 0.27 per cent in gross value
added ( relation-i). The highest value of regression coe-
fficient is that of inventories, being 0.453 in the first
relation and 0.398 in the second relation.And this is quite
expected looking to the fact that output and inventories

are much more- interdependent than output and other factors.

The insignificant role played by thg pachinery in

1964 seems to have been ‘caused by the under utilisation of
capacity. This reduces the importance of machinery as a
factor of prodget_;ion. In such a situvation any addition of
lebour and inventories made to work with .a given quantity
of idle machiriery will certainly make the produetion to
rise. But an inerease of extra machine in this situation
will only meean am addition to idle capacity and no increase

in output.

The goodness of the fit of the production functioil is
tested by calculating the square of the multiple correlation
coefficient (R°). This hes turned out to be highly signifi-
cant at little more than 0.98 in both the relations.The
explanatory variables taken Atoge'bher, thus, .explain more

iha.n 98 per cent of the varisations in value.added.
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The relations fit very well to the Indian manufacturing
industiries.The sum of the regression coefficients (factor

exponents) is little more than 0.976.

The regression coefficient of x1,aS'noted earlier,
can also be interpreted as the estimated share accruing
to 1abour‘14 The followihg table V-4 summarises the estimates

of the parameters of the two relations:

Table V~4
Results of the Estimated Reletions

Rela- Ro.of Degrees Estimated Sum of §i/P Observed

tion obser-~ of exponent the esti- wage~'
vations freedom of labour mated share
'(?1) exponents WV
e (8)
T 2 ] 4 5 6 T
(1) 20 16 0,270 0.976 0,277 0.3%0
(11) 20 15 0.282. 0.977 0.289 00.330

Source: Estimated on the basis of data shown in Table V-3,

? in the above table is the combined estimated éhare
going to all factors. Under the conditions of conatanf |
returns to scale it should exhaust the total product;

?1/P” is the estimated relative share of labour.This
assumes that the value added between labour and other
factors is divided such that ‘no residualis left over either

in the form of profits or losses. When we compare p1’or

-y = oV _ v
14, Wages = VW = x1.,ax1~ Xy p1 X = pjv

Thus, P1 = W/V = wage share.
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?1/$ with W/V, the observed share of labour, we fim that
the difference between the two is not Ipumd statistically
éignificant. Labour oni;verage, therefore, is getting what

its marginal productivity would warrent for.

5. Time Series inalysis :

While estimating the Douglas type of production
function to the time series data, the difficulty arises
about the technological change over time. "In a period-
-to~period variations over a long historical stretch, there
will be much techniecal progress. In the cross-seetion
sample, the non-uniform technology varies in & haphazard
way, but in the time series sample it changes gradually
in a strictly chronological faahion".15 Cobb and Douglas
tried to overcome this difficulty by extracting trends
from the arithmetic values of variables before fitting
the production function to the logarithmic values ~of the
variables.An alternative would be to introduce the explicit
trend’variables-in the equation..The funetion then becomes:

V=1£ (x,x,t)
where t is trend variable representing the technological
change.16 Solow, while considering the aspect of technological

15. L.R.Klein, Op.cit.,p.100, According to E.H.Phelps Brown
"The fitting of the Cobb-Douglas function to time series
has not yielded, and cen not yield, the statistical
realization of a production function. It can describe
the relations between the historical rates of growth of
labour, capital, and product, but the coefficients that
do this do not measure merginal productivity". See his
article, op.cit.,p.551.

16. The Cobb-Douglas production function when expressed in
- this way meets the objection regarding ite identifica-
tion from the coet-function.The»cost‘idenxity,v=x1P1+x1ﬂu
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change, has suggested the following form of the function:
V=A x1 %,

Although he. prefers a modified version of the function in
the form of

Yot 2P

1 )
An alternative to this is not to estimate the share of
cepitel (B,) directly, but to substitute the- observed
share of capital and then fit the relation to estimate
}32. Inciden‘aé.y, this also enables te isolate and measure

the technologi ml progress.17

Solow assumes the neutral technological progress
where the shifte in the production function leave the
between labour amd. eapital
marginal rate:. of substitutxon{untonched but simply
increase or decrease the output attainable from given
inputs. The marginal rate of substitution between labour
and capital being independent of ¢, every chenge in

technology is neutral.
If the factors are peid according to their mﬁrginal

products, the assumption of neutral technological change
would give the form of production funetion as 3

(P1 and P, are the factor prices) does not include
the t term.

17. Rl.M.Solow: "Technicel change and the aggregate produc-
tion function". The Review of Economics and Stetisties,
August,1957; reprinted in Growth Econemics,ed.by
Amartya Sen (Penguin Book L%d., 197
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v.= A(t) i‘(x1,x2)

Or V=A(%) x}*PZ ng (under the conditions

of constant returns to scale).

A(t) measures the cumulated effect of shifts overftine;
it changes over time and affects the changes in .output

for any given factor inputs,

The above function can also be written as
x ¥ .
X, x,
¥ - ) *2
or log (—EZ ) = log A(t) + B, log ( E? )

Taking the difference between two adjacent periods, the

18

equation in its incremental form -~ can be written as :

v T2
~log (-x-1--) = alog A(t) + B, = log ( x )

' Aa(v/z,) - a(x,/x,) o
i.e. 1/ _ "AaA(t) + 1
= -TLT~ B (approximately)
V7x1 A(t 2 x£7x1

aa(t) . A(v/zx,)  (x/%y)
ThUS’ A(t) = V/x‘lx* - Pz X I.]

where V = Gross value added,

Total number of employees

i

%

X, Grosgival ue of’capital

Pz = Profit share

of
The above ratios along with the:series(A(t) are

presented in Table V~5. The series of A(t) has been arrived

18. See LoRoKlein, Op.éit.,p.‘lQG.
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at from the series ‘sﬁ : by assuming the initial value of

A(t) as one. A(t) series reveals that production function
has shifted by about 52 per cent.over the period 1946-1964.
The corrected productivity of 1964, that is productivity
net of technological progress, is B.2403 (i.e., productivity
in 1964 divided by value of A(t) in 1964). The rise in
productivity due to capital intensity, therefore is Bs.299,
(i.e. the corrected productivity minus the pfoductivity in
1946)., The total rise in productivity during 1946-1964 is
B.1539. Thus out of an increese in total productivity of
B5.1539, B5.1240 is due fo technical progress and Bs.299

due to capital intensity, giving the two percentages as
80.6 per cent, and 19.4 per cent respectively. It is strik-
ing to note that Solow's own estimate of the contribution
of technical progress over a 40 years' period (1909-1949)
in United States (Non-farm Economy) is 87.5 per cent.
(op.cit).

6. Conclusion ¢

The greatest draw back of the earlier estimates
of the Douglas type of production function in India has
been the use of book values. for capital input. The written-
down book value of fixed capital, as noted, does not refleect
the true value of capital. The present study removes the
defect by considering the gross value of fixed capital both

for cross-section as well as time-series analysis. Further,
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Table V-5

Labour Productivity, Capital/Labour Ratio, Profit
Share, and Shifts in Production Function :1946-1964.

Gross value fTotal cepital FProiit share

Year added per per employee -in gross A(Y)
employee (at 1950 pri- value added
(at 1950 ces)
prices) .
BS. RS,

1 2 3 4 5
1946 2104 13790 0.5545 1,000
1947 2018 12772 0.4754 0,994
1948 2063 12284 0.5075 1.03%6
1949 1777 12352 0.3898 0.890
1950 1895 12981 0.4353% 0.969
1951 1944 12930 0.4900 0.992
1952 2012 13025 0.4045 1.024
1953 2286 13081 0.4299 1.165
1954 2387 12641 0.4559  1.234
1955 - -2592 12547 0.4856 1.345
1956 2578 12415 0.4879 1.331
1957 2481 13054 0.4599 1.249
1958 2746 14 061 0.4947 1.33%5
1959 2944 14516 0.5145 1.409
1960 2889 13830 0.49?5 1.3%67
1961 3030 15319 0.5162 1.411
1962 3305 18046 0.5146 1.410
1963 3535 18741 0.5222 1.479
1964 3643 18955 0.513%1 1.516

Source: Calculated on the basis of the data derived from

the reports of the Census of Menufacturing Indus-
tries and tne Annueal Survey of Industries.The
adjustments of the data are disoussed in Chapters
IT and IV.
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to analyse the relative importance of different categories
of capital, the cross~section study for 1964 elso takes
into account the detailed breakdown of capital rather than

aggregete value of cepital as a measure of capitaldnput.

The Douglas- type of production function fits well to
Indian industries.The estimated share of labour is not.
significgntly different from the observed labour share.

The exponent of inventories (the production elasticity
with respect to imventories) is found t%be as high as |
0.48. To take cére of the technologic31‘ﬁrogress~ove£-
time, the trend varieble has been introduced while testing
the function over the period of 1946-1964. The contribution
of technological progress to the growth in productivity

has worked out to be 80.6 per cent.



APPENDIX -

Properties of Cobb-Douglas Production Functien

In the Cobb~Douglas Production Function of the form
v =4 & vP (where V = output, a and b are inputs), it is

not necessary to specify the degree of scale in advance.
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The estimated values of « and ? will decide about the degree.

If<+p= 1, for example, then it is homogeneous of degree one.

(1) Marginal productivity of a is

BV

_2W e BV
£y, = Y b

a =3% and fb =

when~(‘<+-ﬁ ) = 1, the marginal productivities are

homogeneous of degree zero:

foo. £(a,b) = A & BIT
fa (2,b) = A ,(a-<"1 .b'l-o<
. f,(A, AD) = A<y & /\1-4 L=<
| = A < gl =
= £, (2,b).

(ii) Cross partial derivatives, f

"=l 1=

fa=A<a b

_ 1 -
and fab = Aﬁ((?-e(} a b

ab and fba are of degree -1
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<= -1 %
£.(Aa, AD) =& L(1-<) X a <t T
-1
= A fop
(iii) Relative shares :
‘ fa Py
In eguilibrium - =
’ £ P
b b
where Pa and Pb are the prices of factors a and b respectively.
) <V
le o "‘é‘""' - :;g. ) ‘
£ b
ap
B?é =-:%~ = relative shares.

b

(iv) Production elasticities sz«

Production elasticity with respect to a is

W o8 . T &
»a "' V = a°® ¥ =<

Similarly production elasticity with respect to b is B.

(v) The elasticity of demand for the factor is defined as
the proportionate change in the demand for quantity
of the factor with respect to the proportionate change

in the marginal productivity of the factor.
e

. = a

i.ces e, o~

—————

£

(i%wﬁring the sign)

® o
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i.e = rbfa 2
e, =& T,
(<-1) <¥ a
2 A
& a
= ¢,<...1
e, _ 1
a= -3
considering the -Ve sign, e, = 7%:k

(vi) Elasticity of substitution :-

F
marginal rate of substitution, R = = = Jéi . %%—
Ay y B

i.e. R = = u (where u = b/a)

T -

. log R = log ( % ) + logu

d leg R = d logu
d'logu . 4 . 11 _ : on.
* Tioz ® 1 the elasticity of substitution




