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INTRODUCTION

The oome ept of the production function plays en
important role both at the micro and mascro economics, At
the macro level it is a major tool in theories of growth and
distribution, At the micro level 1t deals with problems such
es profit mmximizetion of the firms, factor substitutaebility,
returns to scale,

The concept of the production function, when associated
with e particulsr technological process is supposed to
represent the output of one commodity as a funetion of
quantities of various factors of production combined
according to a glven technology (we rule out joint production).

There are various approaches to the theory of production,
Sometimes substitutability of fectors of produection i1s ruled
out aé in the Leontief framework, On the other hand, we have
substitutability in the traditionel theory. The traditional
theory assumes that the factors of production are continuously
dlvisible end productive processes are continuously variable,
Thus, 1t arrives at a smooth end continuous funetion.

The theory of production, in the set theoretio framework,
incorporates the above as speclal cases. It s a more general
theory which embraces the various approaches to the theory of
production. So, in the first chepter, we start with the set

theoretlic framework,

But to obtaln the empiriosal estimstes of the parameters



of the production funotion, we should heve framework in which
we can speolfically define production functions, So to obtain
estimates of the production function, we heve to go by the
traditional theary. In the traditionel theory based on the
assumption of dif ferentiability, we mainly deal with three
forms of production funotion: the Cobb Douglas production
function vwhioch hes the built 1n'§roperty of unitary elasticity
of substitution; the Constant Elestielty of Substitution
produc tion funetion which enables us to obtain an estimate

of the elasticity of substitution; the Varisble Elastioity

of Substitution production function in which the elasticity

of substitution is e funotion of the capitel/labor ratio.

In Chapter II, we discuss the methods of estimating these
production functions, There are single equation and multi-
equation models to estimate these production functions, The
varfous models arse based on the assumptions of constant
returns to scals, perfect competition, profit maximization.

Chapter IIY studies the empirical estimations done for
Indian manufacturing, both for the whole manufacturing seotor
and industrywise, These studles provide estimates of the
elasticity of substitution, returns to socals and technological
progress whioch very substantially with the level of aggregation
and with assumptions underlying the model. Looking at the
empirical evidence, one does realise the need to test for the
validity of constant returns to socale, elastiocity of

substitution and perfect ocompeti tion.
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CHAPTER I
' PRODUCTION FTNCTIONS

This chepter sets out some preliminsry theoretical
resulfs on production funotions, that are used in estimation
procedures. Section 1 outlines the modern notion of the
production pessibility set. Section 2 gives the traditional
notion of & production function. Section 3 discusses the
notions of elasticity of substitution, returns to scale, and
technological progress. 1In Section 4, we discuss end derive
some properties of three specific production funetions - the
. CD, the CES, tﬁe VES, In the last section we discuss profit
maximizaiion, en underlying assumption in most of the
estimations, and its implications,

Section 1: THE FRODUCTION POSSIBILITY SET:

There are a number of production processes avallable to
a firm, Let us suppose that we have n goods and s progesses,
We denote the vector of net output by y with ¥y es its Jth
component, If ¥yj5 > O, then the Jth good 1s an output, If
¥y < 0, then the jth good 18 an input, It yy = 0, then the
Jth good is irrelevant for the produwtion prooess; There are

a such processes avallable to en economic unit., We represent

the Jth process by

Q|J'
q = qQ—J d: \,l_; e 8

d\'\j (.l.()

L




and its level of activity by x;= O,

If all the processes are simulteneously employed, the

totel output produced is given by

s
Y = };7L-09 z 7 ©
T J PR C1-3)

We define the (n, s) matrix,

Q. Qoo -ous
A = [_Q\' 0‘2)’05‘] - | Gz

M amy oo ang] (03

If we denote the vector of activity levels by x with X3

ag its Jth component, (1,2) beconmes,

\a::p\i ) A Z0 Ay

We cell matrix A, which represents technologlcal processes,
a technology matrix, All points that can be expressed in the
form (1,4) are a collection of production possibilities
avel lable to an economie unit, A set of all such points,
denoted by Y, is called the prcduotion possibility set.

A production possibility set 13 assumed to satisfy,
(1) edaitivity, (2) aivisibility, (3) convexity.

In addition to above properties, Koopmans has made two

more specificati ons about the production possibility set,
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(a) Irreversibility of Production Processes:

The postulate says that, "t 1s Impossible to find a set
of positive smounts of some or all activities of which the
joint effect 1s a zero net output for all commodities."1

ﬁhe postulate implies that if we produce positive outputs
from certain inputs of other commodities, there exists no
combination of producers' cholces that reverses the outcome

by producing inputs from these given outputs, 1,e,

TAEYE = o]

(b} The Ympossibility of the Land of Cockeigne:

"It 1s impossible to find a set of positive emounts of
some or ell activities of which the joint production consists
of a positive net output for at least one commodity without
causing & negative net output for at least one other
oommodity".2

This postulate implies that the production possibility
set does not have in common eny point other then the origin
with the non-negative orthant.

Section 2:

In our discussion so far, we have not made eny assumptions
about 4ifferentiability. But the tradi tional approach proceeds
on the assumption of aif ferentiability. The set theoretio

£llec ation., (1957)

2, Tbia,



approach is more general in the sense that it takes into
acoount both, dif ferentisble and non-differentiable production
processes, Such assumptions of 4if ferentiability are
unﬁecessary in the set theoretic framework,
ﬁevertheless, the traditionel epproach based on

differentiability end profit meximization is extensively used
for empiricel estimations of production functions, Notions
like elasticity of substitution and technologicsl progress
are efther impossible or d4iffieult to interpret in the set -
theoretic framework. These pesrameters heve important
. theoreticel end polioy implications,

Ir J1)92) - - 4m BTO faotors of production which produce
Zontiy Xmyy , .. ...,k OUtputs, we can write a production

funoction in its implicit form as3,

F(H')\iﬂ-)“"j‘m e SUTIREEI ,=(=-.)=o (|'.S'>
The function (1,5) should satisfy

Fosg) = flosga) = - =f (0, gm) 20 (I6a)

2Magi 2oy Ft/agr <o (i)
The first condition (1,6a) and the postulate (b) of the
preceding section have the same implications 1,e,, all the
faotors of production are indispensable for production. The

second condition (1,6b) says that marginal products of all

3. Hicks (1946),
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factors of production are non-negative and that the production
function is concave, which carresponds to the convexity of
the pfoduction possibility set essumed in the previous section,
The traditionel theory also assumes that the factors of
produétion are continuously divisible and that the production
processes are continuously variaeble, The implications of
the se assumptions are similar to the implicetions of
divisibility and sdditivity for a production possibility set,
The partitioning of factors of production and output also
implicitly assumes the irreversibility of the processes of
.the preceding section,
Sesction 3: .
Usuélly, a production function is estimated in order to
test hypotheses with respect to, (1) elasticity of
substi tution; (2) returns to scale; (3) technologioal
progress; and thelr implications at the maoro end micro levels,

3.1 The Elasticity of Substitution:

"The elasticlty of substitution is measure of the ease
with which the varying factors can be substituted for each
other."4

The elasticity of substitution ( < ) is defined as the
ratlo of a proportionate change in the ratio of factor inputs

vto the proportionate change in the ratio of marginal produocts

(1.e, merginal rate of sub stitut! on).

llv. HiOkS (1963).



Let us rule out joint production so that the production
function cean be written in explicit form as 7(.'-'-76(\3!)‘:&1)—"\3"\)
More specificelly, let us have one output Y and two
inputs cepital (K) and labor (L) so thet

Y = t (L,K).
With two fsotors of production, laebor and ocapltal, we cen
obtaln ¢~ as,

= ACkIL) [ad(MRSik) _ d In (KIL)

—RiD) TR e d In (MRSLk)
MRS 1 18 the marglnal rate of substitution between labor and

(-7)

capital, Positlve marginal produsts ensure the non-negativity
. of the elasticity of substitution.
3.2 Returns to Scale:

In the long run, the expansion of output may be achievéd
by varying sll the fsotors of production., The output may be
increased by changing all faoctors of production by the same
proportion or by aif ferent proportions, Given a production
possibility set'ﬁs (1) non~-decreasing returns to scale
prevail if for any glven ?j one can arbitrarily increase the
soale of operations, (2) non-increasing returns to socale
prevall if for any glven ﬂj s One can arbitrarily decrease
the scale of operations, (3) constant returns te scale
prevalil if for any given‘dj one can arbitrarily ohange the

scale of operations.s

For a given production funotion, returns to scale are

5. Gerard Debreu (1959),



determined by the degree of homogeneity of the production
function, For production functions assumed to be homogeneous,

Y=t (L, K) ;
if we incresse both the factors of production by the same
propoftion N, we get,

Y =t (AL, X\K)

= % £ (L,K)

-\y |
The degree of homogeneity h determines the returns to scale,
If h = 1, the production funoction exhibits constant returns
to scale, If h<1, the produstion function exhibits
'decreasing returns to soale, The output inoreases less than
proportiénately with the increase in inputs, If h > 1, we
have increasing returns to scale, The output increases more
than proportionately with the increase in inputs.
3.3 Technologleal Progress:

We define a produwtion function as being the known set
of effioient production techniques. The production function
1s therefore susceptible to change as our knowledge of
production techniques changes, Thus technological change
causes a shift in the production function.

One type of technological change is, when the produotion
function shifts over time, reflecting greater effioclency in
combining the inputs, It is called "disembodied technologionl

6
progress", It cen be represented by the production funotion,

6. Hshn & Mathews (1964 ).
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Y = £(L,K,t) (1.8)
or Y(t) = r(L(t),K(t),t)
where t stands for time,

Change in the output over time 1s given by

ay _2f 2L 4 2t ok _ 2f (1.9)

dT L 2k oK ot 2c '
The first two terms indlcate the change in the output due to
a movement elong the production funotion, The lasst term,
(a¥/at) glves the change in the output due to dlsembodied
technological progress, i.,e, a shift in the production
functi cn. This type of change 1s called dlsembodled because
‘it i1s not embodied in the fector inputs, It involves a
reorganiiation of input s. |

On the other hand, embodied technologicel progress
involves an augmentation in the effectiveness of factor
inputs due to various possible Improvements in thelr quality
and effioclency over time,

,Technologleal change shifts the entire produstion
funotion, To decide which point on the o0ld produstion
funotion is to be compared with which point on the new
production function, some criterfon 1s needed., A number of
criteria have led to the formulation of alternstive
definitions of neutrsl technological progress.
3+3.1 Hloks-neutrel Technologicel Progress:

Hicks' definition of neutrsl technological progress 1s
that the marginal rate of substitution should be independent
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of time for each fixed capitel/labor ratio. The points on
two produstion functions are compared for a glven L/K ratio.
Treating technological progress as an exogenous function
of time t, the production funotion can be written es
Y = £(L,K,t)
For technological progress to be Hicks-neutral the production
function should take the form
Y = A(t)f(L,K) (1,10)
where A(t) i1s the index of technologicel prOgress.7 A{t) 1s
generally assumed to take the form e/'_\ ¢

3.3.2 Harrod-neut ral Technologicel Progress:8

Here we compare those points on the production funotions
at dirrefent points of time where the marginal product of
cepitel (assumed to be equal to the rate of profit) 1s
constant, Harrod's definition 1s framed particularly with
the 1dea in mind that capital is a produced factor of
produc ti on,

With the capitel/labor ratio remsining constent,
technologlcel progress normally increases the marginal
productivity of cepitel, For the marginel product of capital
to remaln constant in the face of technologicel progress,
the K/L retio should increase. Technological progress is
neutrel in the Harrod sense 1f the level of K/L is suoh as

7. Hehn & Matthews (1964).
8, Hehn & Matthews (1964 ).
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to cause the K/Y ratio to remsin constant. Harrod-neutral
technological progress 1s represented by the production
function,

Y = £(K,A(t)L) (1.,11)

With the production funotion (1,11), assuming constant returns
to scale, an equal proportionate rise in capital and A(t)L
must lead to an equal proportionate rise in the output.
Harrod-neutrsl technologicel progress increases the labor
force measured in efficiency units A(t)L.

3.3.4 Solow-nentral Teshnological Progress:

A third type of neutrsl technological progress is
capital-augmenting technologlocal progress, The predustion
function e¢an be written as,

Y = £{A{t)K,L) (1.,12)
Assuming constant returns to scale, an equal proportionate
rise in A(t)K end labor leads to an equal proportionate rige
in output,

Section L: FORMS CF PRODUCIT (N FMINCTI ONS AND
THETR PROPERTIES:

Algebralc representati on of produetion funotions can
take many forms, The production functi on, whichever form it
tekes, should satisfy (1,6). We consider here mainly three
forms of produetion function. |

(1) Cobb-Dougles, (2) Constent Elesticity of
Substitution, (3) Veriable Elesticity of Substitution
produotion funotion. There are verious other types of

produoction funetions, but these are the three most important
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ones from the point of view of estimestlon. Various other
productl on functions wlill be mentioned, as and when necessary,

while disoussing the estimations,

4.1' The Cobb-Dougles (CD) Production Fungticn:
Dougles made the first attempt to speolfy and empirically

quantity an eggregate producti on runction.9 He speciﬂed
the production function as

a. P
Y= AL K Cie1s)
where,
X >0 A> O
K>0 B0
L>0O A>O

(a) & , @ are elestioities of labor end capital with
respect to output respectively.

LaYo o - kK2¥ _p :
Y 3L > Y 2K )
(b) The function is homogenous of degree +(
\fzm'_"KB . We inorease the factors of produstion

by a propertion A, A>D

= @
A (AL) (AK)

\{| =
®
- AL
LS 1
=AY 18

Output increases by the proportion ).\“F' . The degree of

9. P,H, Douglas (1934).
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homogeneity (4% ) determines the nstur e of returns to
gseale, If 4G =1 , the production function is linearly
homogenous, exhibiting constant returns to scale., If At1133>1,
the produstion function exhibits imcreasing returns to scale.
It E-'<i , the production function exhibits decreasing
returns to scale,

(¢) For the CD function the elasticity of substitution is

alwayé unity
o = dIn(KILY /& in (MRS

MRSy = AL L X

Pk P

In(MRSLK) = "’('(/:3) 4+ In(kIL)

o > (MRS = o In (KIL)

o I CRIL) d In CKILD

6 = -~ = |
a o (MRS 4 In CKIL) (116

Tha t the-elastioity of substitution of a CD function 1is
always unity, is a property of the CD funetion 1tself, It

is not dependent on merket ocmditions and the behavior of the

rirm,

4,2 The Constant Elasticity of Substf{tution (CES)
Producti on Function:

One of the implications of a CD function 1s that feotor

rewerds remein in fixed proportions, The empirisal
observations that the share of natiomal income going to lebor

was not fixed but varied as the wage rate varied, prompted



Arrow, Chenery, Minhas, Solow to test this proposition. They
introduced a production function with constant elastioc ity

of substitution. 10

The CES function tekes the form,
...,/r
\(._.1[_2,|< + Ll-—é)L ] Cr17)

where,
Y - efficiency parameter
S - distribution parameter, O% <) , which
determines the distribution of factor incomes,
f - substitution parameter, @ function of the
elasticity of substitution , «~_ |

1+
(a) The CES function is homogenous of degree one.
- _e e
Y= Y (_&Kf—r (-8)C*

We 1ncrease capital and labor by the same proportion ) JAST.
= Y[SCAKY &4 (1-6) c)u_)"] e

:)\T[SLK) + Ln-é)u."f]
= AT (118)

The output also increases by the seme proportion ) . The
CES funetion cen be extended to the ocase of non-obnstant

returns to scele as well,

10, Arrow, Chenery, Minhas, Solow (1961).



16

-h
Y:Y[és|<-€+ (-8 L ] ¢ Ci-19)
Y, = e[S cmracst T
h
- /\ Y CI'ZD)
4 determines the degree of homogeneity.
If <} , we have decreasing returns to scale
If h=) , we have constant returns to scale
If h>], we have inoreaslng returns to secale,
The CES productlion function can elso be generalised to tile
_case of more then two inputs,

{b) The elastiolty of substitution depends on the value of
{, the substitution parameter. -

Y=¥{s Kk + - 5>Le] ¢

MP, = BY-x Y UML o
oL
~C1te)
HPK..BY 7[ K
M= ‘r [6)
+(1te

MBS = TP | (1-8) K| ) )

MPe & 'L
dln(MRELY = Ci4e) dInCKIL)
- _:ilnCKlt_) _ d In CRILY o

o In CHRSLE)  (reydinCkiL) 1H Cr21)
To ensure non-negativity of ¢ , we have g > -
We have three special oases,

(1) €= — ; 6= ao
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The first cese 1s the case of perfect substitutability. In
this case, we get linear isoquants with the slope -8/L-8Y.
In the third csse, the function epproaches the Leontlef
input -out put framework vwhere the substitution between the

factors is totally ruled out.
In the second case, the CES production function reduces

to the CD function,
~¢ -t 1%
Yo x[(&L '+ O-8)K ]

\'n:\f = \h‘b’---‘F ) chl.:(-} (l-&)l{t] C122)

When 1im § —> © ) the expression inside the brackets takes
an indeterminate form. Therefore, we spply L*Hospltal's rule,
Let

Va L[ 8% 06)K0 ]

Differentiating with respect to <
N )
AV -—\__jg\nl_ - -8 K Y ak
A S -5y K¢

lim 3V - -
%-bo S—(' = Sinl — §) InK
S t1=-§

Substituting in (1,22) we get

WY 2 InY 4 §Inl 4 (1-8) InK . (123)
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§ (-8)
N=YLK

1
which 1s a CD production function.1

The CES production funotion is thus a more general form
of the production function and includes the CD function as &

special case,

L.3 The Varisble Elassticity of Substitution (VES)

Production Function:

Though the CES function is less restristive then a CD
fum tion in thet it allows the elasticity of substitution to
.take a value other than unity, 1t does not allow the
elasticity of substitution to vary with factor proportions
or with oﬁtput. A function whic@ allows the elasticity of
substi tution to vary with output was developed by Lu end
qutoher.12

—cqte) ! Ie

\(:\([6 K C\"5){—§CK|L> Crzy)

The function has the properties of (1) positive marginal
products, (2) downward sloping marginal productivity ourves, 
(3) homogeneity of degree oms, (4) variable elasticity of

substitution. Moving elong the 1soquant, the elasticity of
substitution varies with the capital/labor ratio:

11, Kmenta's epproximation for a CES production funection
cen also be used to prove the above result. This uses

Teylor's expansion end is a1
estimation, scussed in the chapter on

12, Lu & Fletcher (1968),
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From

b -%b b _¢.
ESE = C\~5)‘T Lﬂ X I, =KL
~ .
they olot o ned
b
6 =
l \ t
e (W rrEmes) ) (128

We can also show that the VES is a generalised form of
the CES production function.

If C takes the value zero, the multiplier (K/L)
vanishes and the function takes the CES form of production

function.

‘Section 5: PROFIT MAXIMIZATION:

Whatever the form of the production function, the firmm
is very often assumed to operate on the basis of the profit
maximization principle. It chooses to operate at that point
on the production function where it maximises its profit.

It is assumed in addition that the firm is atomistic,
so that ‘it is a price taker in hoth, the product and the
factor markets. Let |p be the price of the product Y , w
the price of the input L and r the price of the input K. We
denote profit by W . The firm then maximizes the profits

T2 PY-wl.-ak c28)

The firm maximizes the profits subject to the production

function

Y= LK) G

Ve set up a Lagrangean,
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H=bY=-wlL-2k - ALY- (LK) ] ¢} 28)

We geot the first order oconditions for a maxtmum

bH/aK = = + )\(a\(lak) =0,

i

on /[ 3L —w-}-ACaY/bL):Dj

oH /ah = Y- (LyKkd =0
Assuming that the second order conditions in terms of the

bordered Hessian are satisfied, we eliminate )\ and obtain,

Y/ ok =¥/ p 2 oL = W/ P ¢ 1-29)

Kaoh factor is thus utilized upto the polnt where the marginal
produt is equal to its real price, 1,e,, its price relative .
to the price of the product,

Solving (1.28) and (1.27) we cen ocbtain the profit
maximizing velues of Y, L, K. For instanse if (1,27) tekes
the form of a CD production function, we would have

"”-—/P""’-BY/K % w/p’-dY/l_ Iy
az Wby & e R/

Thus <A is the faotar share of labor, the emount paid to the
labor as & proportion of the totel velus of output. B 1is
the faotor shere of cepital, When iR =!,we have constant
returns to scale, the value of the total product 1ls exactly
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exhausted in payments to the fectors.
We can repeat the same exeroise for CES and VES

production funotions, More about profit maximization and

its implicetions will be disocussed in the chapter on

estimation,
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CHAPTER IX
ESTIMATING PRODUCTI ON FUNCTIONS

So far in our analysis, K and L have stood for ocepltal
and labéur gservices, TFor the empirical estimation of
produe tion functions we have to measure these services as
well as the ocutput (Y).

Output (Y) is usuelly measured as value added per year
(deflated for price changes in case of time series data).

It 1s elso measured as the gross value of the output per
~year, If the firms carry on wiffh the production as far as
éfoss profits are positive (non-negativity of quasi-rent)
outpuf ahoﬁld be meassured gross of depreclation charges, A4s
far as cholce between value added and gross output as measure
of output 1s concerned, we see that at economy level, gross
output suffers from double counting because one firm's
output can be used as snocther firm's lnﬁut. This cen be
avolded by measuring output as valus added, In prineiple,
even at the miero level, one should use velue added. But
value added data are not aslways available,

Labour (L) 1s measured in terms of man hours, It is
also measured in terms of wages and selaries pald to the
workers, There are various types of labar - male, female,
skilled, unskilled, and of 4ifferent age groups., One should
construct en index to convert all these various types of lator

into one homogenous commodity, but this 1s also difficult in
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practice,

The measurement of ospitel is e complex problem, Tt
oen be measured as net capital stock (net of depreoiation)
or in terms of machine hours. When we measure the capital
in terms of machine howrs, 1t gives us an estimate of capital
services, golng into production whioh might be different from
the oapitel services evallable for production. Spectally
this 1s importent because firms are reluctant to discard or
sell unused machinery end plent, In that cese, 1f we measure
capital as net capitael stock, we might not get a true estimate
of capltel, Iinfact we sre likely to overestimate it.

There are meny other problems also involved in the
meesurement of cepitel, e.g., the vintege of cepital, 014
and new machines are not likely to provide the same services
becsuse of deterloration and obsolescence,

These variables are measured et firm level, industry
level, for the entire manufacturing -sesctor, depending on at
what level of aggregation we went to estimate the production
funotion. The measurement of these variables almost invariably
involves the aggregetion of heterogenous quantities, This
leads us to a brief dlscussion of the aggregetion problem.
Sectlon 1: THE AGGREGATT ON PROBLEM:

The aggregetion problem, as far as production funotions
are concerned is given & lot of importance because of the
uses of aggregate production funotion., It is one of the

basio oonstituents of growth models representing the techniesl
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possibilities in an economy. It 1s also estimated for the
economy or industry in order to draw empirical inferences

about technologlcel progress, returns to scale, elasticity

of substitution, which might be useful for forecasting purposes.

Uhder what oconditions cen one meaningfully aggregate the
variables labor and cspitsl to arrive at an aggregate
production function?

If labor and cepitsl are homqgenous; all firms are
equally efficient, we ocen have an aggregate production function
without eny problems, However, the variables are not
homogenous across the firms, Since all the firms do not have
éﬁual access to the best teshnology available (also, there
are lags in adoption of new techniques) capital is
heterogenous aorcss the firms. The techniques are embodled
in cepitel goods so firms differ in efficiency also.
Nevertheless, Fisher (1969) while anslysing the conditions
for existence of aggregate produotion function assumes constant
returns td scale, which 1mplies thet, small end big, all firms
are equally efficient.

Given that output end labor are homogenous, aggregate
production funoti ons will exist if there exists a capital
aggregate, Assuming Al minishing returns to labor, .the
necessary and sufficient condition for a oapital aggregate
to exist 1s additive separability i,e, all the micro
production funetions should be additively separable,

Moreover, the extent to whioh heterogeneity of capital is



very limited. A cepital aggregate will exist under these
condi tions only if the firms dif fer from each other by
capital augmenting differences,

TIf we make our analysis a little less restrictive by
allowing' more than one kind of cepitel good, the conditions
for the existerce of a capital aggregate become more stringent,
Change in one kind of capital good will affect the marginel
profuct of cther capitel goods end at the same time there
will be a reasslghment of labor,

Fisher gives. an 1llustration wvith two kinds of cepital
goods, Ki end K2, Suppose we want to aggregate over K1 only
e;nG leave out K2, Then the marginal rate of substitution
between K1 for different industries must be independent of
K2, If K2 13 elso to be included in the capital aggregate,
the mrginal rate of substitution between K1 and K2 must be
independent of labor (L). We have oconstant returns to scale
with K1, K2, L, But this does not mean that we have constant
returns to scale for K1 end L or K2 end L, The sbove
condit ions for aggregation hold only under the assumption of
constant returns to socale, So, we cannot have an aggregate
of only K1 or K2 because we cannot have gonstant returns to
scale condition with K1 end L or K2 end 1L, We ocen obtain an
aggregate of capital K = Ki + K2 only if the firms aiffer by
cspital augmsnting Aif ferenoces.

Sato (1975) takes a dif ferent espproach to solve the
problem of heterogenous oapitel snd obtain a capital aggregate,
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He defines a capital aggregate as the total productive
caﬁaeity of the industry. To arrive et en aggregate
production function, we must heve a link between the micro
furmo tions and the aggregete production function. Sato links
the two}via produc tive efficiency, unlike Fisher, he
recognizes that it differs from firm to firm,

We define a production function for 1th £irm es

o= (diki, cidi) 1)
where 44 and o3 are efrioienoy co~efficients of oapital and
lebor and are different for Jdifferent firms because of
ﬁ;terogeneity or_cqpital. He defines a capacity Adensity
funoti on for the glven level of efficiency of labor f(ec)
which 1s a funetion of efficlency co-efficlents of labor and
capital,

For each level of labor effiolency we have a cspacity
density funotion f(e). Suppose that the efficiency of labor
varies befwaen O and Co, and Co 1s the highest level of
effiolency of labor, So, integrating over the range (0, Co)
the various cepacity density functims, we can get the total
productive cepacity of the industry which 1s defined as
cepital aggregate (J).

= ‘j° Blo) de - (2.2)
o

This funotion, which gives the distribution of capital
among firms, 1s a oruelel link between macro and mlero

Tunctions., The capital eggregate we obtained in (2,2) 1s
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for that given efficlenocy distribution, Solow (1964) end
Fisher (1969), in their analysis, go across the firms to
obtain cepital aggregate irrespective of what the efficiency
distribution 1s and arrive at the existense conditions., But
this analysis will hold only if the production function 1is
invariant between alternative distributions of cepital, To
avold this comparison which, i1s not valid, Sato divided the
aggregation problem into two parts (1) existence problem

(2) invariance problem,

1,1 The Existence Conditions aef an Aggregate
Produetion Funetion:

The production function for a firm is given by (2.1).

The amount of labor each firm employs is a funotion of real
wage rate (w) and the effisiency of ladbor foar the given capitel,
(2.2) gives the capital aggregate, For the given capitel
aggregate J, dlfferent firms cen operate at Aifferent levels
of labor efficiency., Over this renge of labor effiociencies,
we should get the industry employment by integrating over the
laber employment functions for the firms, We denote this
integral funoction, which gives the industry employment, by H.
We obtaln H for the given total productive capacity of the
industry. Then, we can get an aggregate production funetion
which 1s a function of labor aggregate for the given total
productive capacity J. The conditions for the aggregate
Tunction to exist are the oonditions for the integral funotion
H which gives us the labor aggregate, If ocondltions for
existence of the integrsl function H ere satisfied, then
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there exists an aggregate producti on function that cen be
uniquely determined from H and to which corresponds a unique
capacity density function @.

1.2 Invarlange Conditions:

Over time, techniques change and consequently the
distribution of cepital among firms also changes, That will
change our capitel aggregate J which we defined as total
productive capacity of the industry., Corresponding to this
new caplitel aggregate, there will be another aggregate
production function. To get an aggregete production funetion
which wlll hold over time, irrespective of changes in the
caepacity density function is the invariance problem., The
same aggregate function will hold for the new efficiency
distribution only if the efficlency distribution exhibits very
partioular and systematic shifts. These particular shifts in
the effliciency distribution will glve us the invariance
condi tions,

We replece @(c) by @(o,t) and Co by Co(t).

We have two cases:
The new distribution 1s simply scaled up proportionately to
give us a distribution at ti' So we get,

Blo,t1) + a @(e,to)

Co(t) = Co(t1) = Co,
The cepitel aggregate will be J(t1) = aJ(to). This is nothing
but capitsl augmenting teohnological ohange. The aggregate
production function F 1s invariant between #(o,to) ana @lo,t1),
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Another case is T(tt) = J(to) but the distribution of J
1g aifferent. The distribution stretohes out proportionately,

We have,

Co(t1) #(e,t1) = Co(to) ) {gg to; c, to S

Co{tl) = bCo(to) G' = C/b
This is the case of labor augmenting technologlcal change.

Combining the two cases we cen obtain,

p e e)=@L) (e, k) T g,

This kind of an efficiency distribution will account for
labor end cepital augmenting technologleel change.

Thus, the aggregate production function is invariant 1if
the shifts in the efficiency distribution are of the type
degeribed above, This implies that the aggregate production
function 1s inveriant 1f and only 1f technicel chenge 1is
purely factor augmenting, Any other kind of shift will lead
to changes in the form of the macro production funection,

So far in our‘analysis we have disocussed only the short
run esggregate produstion function (we obtaln F for the given
efficlency distribution which mesns techniques are fixed) and
shifts in the short run aggregate production funetion (shifts
in the efficienocy distribution). So the capital-labor
substitution will refer only to the short run. This funotion

~ cennot be used in growth enalysis and for forecasting purposes,
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These purposes are served by the aggregate produotion
functions of exente nature, Can we estimete such an
aggregate production function from the short run aggregete

production funotion?

In the short run macro production funotion, the capital
aggregate represemts the existing capltal (K), We define e
cepital aggregate which measures capital in use (Kn). The
production function thet corresponds to Ku, 1is called full
capaoity production function. If the efficlency distridution
remains stable when it shifts, there will be a stable
relationship between exante and full capacity production
functions. So we try end relate full ocespacity and short run
aggregete production funotions,

For a stable efficliency distribution, given the degree
of utilization, Ku/K should be a constant fraction. This will
cause sn equiproportionate shift from the exante production
funotion. 4And the locus of such points will give us the full
capacity production function as the efficlency distribution
moves along the exante funotion. However, the full capacity
production function does not satisfy the merginal productivity
conditi cx:s.1 So we have to consider a long run production
functl on which will envelope the SR funotions and thereby
satlisfy the marginal productivity oonditionms.

But this causes econometric problems, The marginal

1. The funotion CD 1s en exception,
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productl vity conditi ms hold for both long run and short run
aggregate production functions, So we have an 1dentificetion
problem., TUnless there are other identifying conditions the
two finctions cannot be identified.

There are other aspescts of aggregation problem such
aggregation of veriables, aggregation under conditions of
imperfeot competition ete.

Section 2: METHODS OF ESTIMATING PRODUCTT ON FIINCTT ONS:

Mostly three forms of prbduoti on function sre estimated -
CpD, CES, VES, We.cen broadly classify the methods of
estimating production functi ons into single equation models
and multi equation models,

If we choose to estimate a single equation model, we
have to face problems if the Standard Ordinary least Squares
assumption are not 'rollowed. Violation of these assumptions
will lead to the problems of heteroscedasticity, multi-.
collinearity, sutocorrelation, simultaneous equatfons blas,
If we choose to estimate a system of simulteneous equations,
identification problems arise, If the production equation 1s
not identifieq, we might end up estimating some other
relationship like a marginal productivity equation, With
only endogenous variables in the system the problem of

1dentificetion becomes all the more dirfioult.z

2, Nerlove (1959) suggested a better way of estimating
the system. Since in our empiricel studies we do not

come aocross such models, the dynami ode
be Aealt with here, ! y o model will not
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A number of estimation methods are based on the

assumptl ons of perfect competition, profit maximization and

3

constant returns to scale.

These assumptions have led to estimation of a number of
relationships which equate the marginal product of labor
(capital) to the weges (rental) to the wages (rental), As we
shall see 1ﬁ the next chapter, whatever the form of the
production functiom, the relationships based on the marginal
productivity conditions have been estimated very often and
they provide a very good rit also. These estimates, et
eggregate level, predict labor's share in the total output
fairly well,

However, Simon (1979) has pointed out thet Just the fact
that the production relations based on the marginal
productivity assumptions fit well to the aggregate data does
not prove the existence of aggregate production function. It
does not imply thgt the marginal productivity theory has been
proved empirically, These produstion function estimates
prediect the labor's share in ﬁotal output fairly well and
very often the exponents of labor and capitel add up to one,
But for the CD as well as the CES production fum tion
(homogeneous of degree one), Simon has shown that these

results sould follow from the identity that cost of labor and

3. Dhrymes (1965) constructed a model in which constent
returns end perfect competition are not assumed but
beooms testable hypothesis,
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cost of cepitel added together glve value added, without
making sny marglnalist assumptions,

In the following sections, we discuss various methods of
estimating the production funoti ons,

2.1 Estimation of the CD function:

The CD function is loglinear,

i = A rinbg + BInKE + Uy (2:3)

U i1s the stochastic disturbance term which includes
variations in productive snd technical cepadbilities of the
firms, One way t; estimate the production function 1s to
. estimate (2,3) directly glven the data on Y, L, K, The OLS
regression will givé the estimates of <X and B . Here we are
estimating the production function.ndtﬁout putting any
restrictions., We cell it unrestricted Cobb-Douglas production
furc tion (ORCD), |

But though we estimate (2.,3) without eny restrictions,
it leads to a number of econometric problems. L & K are
endogenous variables jointly determined with Y. They are not
independent of the stochestic disturbance term. This leads
to a problem of simultaneous equetions bias. They also tend
to be dependent on easch other leading to a problem of
multicollinearity, |

The occurance of multicollinearity leads to very high
standerd errors of the estimates, That will make the
confidence intervals for the relevant population paremeters

large, and consequently, the probability of accepting a false
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hypothesis increases.

Moreover, as the stochestic disturbance term accounts
for the verlations in technical and productive cepablilities
1t might lead to a problem of heteroscedastieity. That means
the estiﬁates do not satisfy the minimum variance conditions,
they are no longer efficient. So, though we do not make any
agsumptions about perrect'oompetition; profit maximization,
returns to scaie, the reliability of the estimates 1ls doubtful,

Another way of estimating a CD function is based on the
assumptions of perfect competition, profit maximization,
These assumptions imply that marginal produsct of the factor
equals resl price per unit of that factor, In that case
f and B are the sheres of labor end caepital respectively in
the total value of the output. Under constant returns to
scale, the velue of the total output gets exhausted by the
payments to the fastors of production,

Under the assumption of constant returns to scale,

(2.3) takes the form
QX L) = InAx =) I (B L) w Ue

This relates output per unit of labor to the capital labor
ratio. Estimeting (2.4) ylelds en estimate of (1~%), The
use of ratios Y/L and K/L reduces the problem of )
heteroscedasticity to scme extent, But the only dlsadvantege
of estimating (2,4) 1s that we cannot test the returns to

scale hypothesis because we are assuming constant returns to

scale.
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Under the same set of assumptions 1,e,, perfect
competition, profit maximization, constent returns to scale,
we can also arrive at a relatimship,

.nQ({]LJ\)-:-\1'36*31(3)—"“°< + Ut (2-€)
This gives output per unit of labor as a function of reel
weges. By estimating (2,5) we can reduce the problems of
simultaneity, multicollinearity, heteroscedasticity. But
these problems are reduced at the cost of restrictive
assumpti ons by which we arrive at'(2.5). (2.4) and (2,5)
are estimated on the assumption of * + =1, So we call
these Restricted Cobb Douglas produ;tion funetion (RCD).

All these are single equation estimastions. Another
epproach is to estimate a system of simultaneous equations,
The system consists of the production function and the first

order conditi ons of profit maximizatiom,

Yaal e
___I.:l. =_°‘_°€,u..
ST L B
Y XY g e
L B (2°6)

Ao 18 the disturbamce term affecting tbe'effioienQy of the
producotion process and U, , U, are the economic disturbance
terms affecting the attelnment of profit maximization. Teking
logarithms we obtain a linear system,
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IY\Y ==InA + In & l‘h"’ohp + U

\nY:-\ﬂﬁ-\-\nK-i- In Jz_./P.\.uQ_ (2-7)

laY,InK, InL  ere endogenous veriables whereas w/p
end r/p are exogenous variables, Here we face the

identification problem, We write (2,7) as,

hl —d —ﬁ_}jﬁYﬂ ITRA |
W _ind
r —fB o \nk = In P n
Ink In2 - Int
EE N e S (29)

Can we obtain the reduced form? We oen see thet for X + g = 1,
the matrix is singular and there is no solution i,.e. éhe

output i1s indeterminate in the constent .returns to scale case,
Glven the non-negativity of K, L, in order that the marginal
produotivity conditions gilve us profit maximizing solution,
there must be decreasing returns to scale, So the production
equation 1s 1dentifled only if % + g {1 , If prices are
fixed, equal proportional 1ncre;ses in K and L away from the
optimum must, in order to yield less profit lead to a less
than yproportionate increase in Y, This identification

condition X + g {1 4,e, decreasing returns to scale,
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smount s to the condition %’KF_' {'L,_" G‘,_K)L> O for a production
function, Thus constant or increesing returns to scale are
incompatible with a determinate solution in this model based
on perfect competition and profit-maximization. But a priori
we cannot rule out the possibility of inereasing or constant
returns to scals,

We go baok to (2,7). Even after using the condition

L+RF | , we can see that the production function is

st11l not 1dentified. This follows from rank and order
conditions, From-order conditions we get 1dentification ir
we add an exogenous variesble to one of the other equations,
making sure that it does not eppear in the production
function, \

Kleln (1953) estimated the produoction funection from the
factor shares using one of the merginal productivity
conditions, Taking marginal productivity of labor,

U,
- — W
=L =% 2

which ocsen alternatively be written as,

\ndd = In Wbl ~+ B Uy (2'\o)
PY:

@)

log 4 18 an unblased and consistent estimator of logo-L ,

Bt Q= Q5 (wLi)eyi)
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is biased and consistent.h

2,2 Bstimstion of the CES Production Function:
Like the CD function, the CES function cen also be

estimted using oconditi ons of profit meximization and perfect
competi tion, The marginal produstivity conditions give,

_ e Tl
Ve ALELS + CredKT ] ]

i+¢
o¥/yL = A CYIL) (21%)

Sétting resl wage = marginal product of labor we get,

146
A'(YILY = wW/p (2413 )
Solving for output per unit of labor we get,
'/
A A”(ﬁ)'ﬂ (214 )
L P

Its loglinear form 1s,

- . _l) Lo
| CYH_) = |nhA + (H‘C |ﬁ(—\;—): a + 6""‘(%) (215)
This equation relates output per worker to real wage and

ylelds en estimate of elasticity of substitution,

Alternatively we can also estimate,

L, Dhrymes (1962) derived an alternative estimate of o

which he showed was unblased, efficient, suffieient,
consistent,



39

o (82) = ol + CHR) (Y IL) (216)

Let us assume that real wage 1s exogenous and ell economie
units 1n the oross-section are governed by the same

produc tion function. Then we cen estimate(2,16)using oross
seotion data on Y,L,“/p . This epproach was used by
Arrow (1961) et.al, for their cross section analysls of 19
countries,

But these two methods 4o not account for the case of
non-constant returns to scale cases, The originel
formlation of thé CES production funotion was restricted
to the case of constant returns to scale and the function
was linear in the logarithms of the variables, Therefore
using marginal productivity conditions one could obtaln an
estimate of =, If the CES function is extended to the ocase
of non-constant returns to soale, this method of estimation
i1s no more feasible,

The CES function incorporating non-gonstant returns to

scale 1s given by,

) e Zhi
Y'-‘Y[-_&Kq-t- (-8) ] v (2417)
Teking logarithms,
‘nY: Jn Y — _I'% In ['é ]<~f+ Cl’&) I:Q ] C2.13>

(2,18) 1s a non-linear relationship, Kmenta (1967) used
Taylor's series to linearise this relationship end linearised

it about gzo . That gives,
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faY = ¥+ helal —hO-$) Ink
: _ .
--_ll_ hROC-E) [ InL — lnk] (24)

We can split (2,19) into two parts, 4t § =0 , the last
term venlshes and the equation reduces to a CD function.

Wo may take the last term as representing a correction
factor due to the departure of { from zero, OLS regression
on (2,19) gives us the estimetes of the parameters of the
CES production function,

. Kmenta (1967} obtained the estiﬁates of the parameters
of the CES production funotion using a simultaneous equations
method also. He considered two cases:

(1) estimation wvith uniform prices
(2) estimation with non-uniform prices,
Estimates with Tniform Prices:

In this model, the firms operate under perfect
competition and obtain thelr inputs at fixed prices in the

same market.
Then we get,

Wi =¥ — R a4k L) T+ e (2-20)

(_&‘1‘\)\0\“ > (Q-H)\nk'\ in [.:7,‘( h) hé_)‘ _] Ry
-+ U\(_ (1.2.])

(%ﬂ)\n\fi — (§+1) oL = In[ 10 %ggihgph_)‘c sy | Ra

+ Yz C1-24{)
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Where p 1s the price of the product, w is wage rate, T 1s
price of the capital input. R1 and R2 are introduced to
allow for the possibility of systemetic deviations from
profit maximization due to restrictions on firm behavior,
Ir there'are no restrictions then Rl = R2 = 1,

This model is underidentified in the sense that the
conditions for minimising generalised residual varience éo
not contein enough information to solve for all the unknown
parameters to be estimated, This difficulty can be overcome
by imposing restrictions on the varience-~covarience matrix
of the dlsturbances, We assume this variance-covariance
matrix of disturbances to be dlagonal, One way to estimate
this model is by non~linear full information method,
Alternatively we replace the production function in the

Al

system by its linear epproximation,
\nYL_h6MK$”h(P&NnL{*%%héﬁVé)UnMFMUT_

(%H} Y0 — () Inki = Y+ Mg (2-24)
(%_H)\n\fi_ (fﬂ)\ﬂ\_“ = k‘;_ ¥ U2y (gf-)_g‘)

i(o, kl, K2 are constants,o R U, y Y=z are disturbances
end they are assumed to be normally distributed, and oross-
sectionally independent, The maximum likelihood estimates

cen be obteined using indirest least squares method,
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Let F = (%'H ) /({H)

Then,
FlaYi —lnki =3y

FlnY\' - Inb{= 32(_
gL
[_"n Ki-\r\Li_] = 3.3L

Now we get a regression equation

ln Xi = Qo +N N +Q2%2({ + 0383 +€&€y (2-26)
The co-efficlents of (2.26) can be identified with those of

production funoti on.,

InY = Qo (2'27)
(1—Fa,— Faz )

hi = — & . (228)
S (1- Fay — Faz )

h(1-§) = =92 (=224)
(\—F= —F'QJ_)

—48hé = O3 _(230)

C\"r“an - Paq_ )

(2,28) and (2,29) give together with F,

Qq = —.&CI:'-l)CHQL | (2-3))

The least squares estimates of (2,26) subjest to (2‘.31) will
be gonsistent., Substituting the values of the estimates of
ae,r,a2, Qg in (2,27) through (2,30) we obtain the
estimates of the parameters of the CES funsction - log Y) }\)8
and € .
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Estimates with Non-uniform Priges:
In this model we allow the prices of inputs and outputs

to vary over the seample period. So, our model oconsists of,

lnY|' = \nY - hé(ln\-\'—h’wki) + hialy

— L R§S 6D InLi— InKi )7+ Uos (2-32)
By -
(%"H)‘an —_ (?-H) lnKi = ln (”?-/P)L + InY (hg) RY
-+ UI{: (7_ 22
. ‘%Ih)
€+ : C W ¢ -
( /n )l"m (?-H)!nl_‘ = “(-l—o-)i +1nT K 'l cS)R:.
+ Ui (9.-34>

(2.34) - (2,33) glves,

InLi —InK _.<-L.)\n(‘ S)m_ -—(_L) ln(_ﬁ).
+(T$§)(uzg— i) (2:25)

| Regression of In. (L/K) on (w/r)1 glves

best linear unblased estimates of L/C1te)

For the estimation of the other rarsemeters, we obtaln a

reduced form equation for In Li by solving (2,32), (2.34), (2.35)
V230

For \1"\ L-l. and we get,
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lnL; = bo + bllﬂ()_lz_-:))i_ “+ \oz\ﬁ(%')('

+ balln (%)i]z-r by Vi{ + Vai (23¢)

-)
Vig = (g0 (Mig-U=i) . vay

is the linear combination of ell three disturbences. We
can replace V{’C _ by the squares of the residuals of (2,35).

If |nl; — InK; are OLS estimates from (2,35) and N Ll
A Ny

are obtained from (2,36) with residuals v/ ; end Va2

respectively,

then’ /\ /\ /\ i

AnLa K = (Inki —1nK) ) + Vi

N /N
by = bl + Vo

I~ P S AN
(Inbi= InK; )7'-.; Lol —1nKi ] +Vig

/N N\
+ 200 (Inly =1nKi)
We replace the values of the explanatory variables by their

reduced form fitted values and estimate the relatiohship,
VY AN )
WY = 10 Y = hE (1ol = Inki ) + h sl

N .
.__\ighg,(l-g )G;_lml_i *]@{l\ﬁ ]7:\-4’\11[] -‘rVOL G'37)



We ocan substitute /ﬁ\ for X 1n(2,37)and obtain least
squares estimates of the CES parameters.
Estimetion_of the VES Funotion:

The ACMS formulation is based on the assumption of "the
existence of a relationship between XY/L end |\~ independent
of the stock of oapital."5 If this assumption does not hold,
we got distorted estimetes of ¢ . The estimation glves
biased estimates of s~ . So Lu and Fletcher (1968) obtained
estimtes of o~ from the generallsed CES production funection,
The estimation of a VES production function 1s also based on
the assumption of per fect canpetition, profit maximization.
Lt; and Fletcher heve done the estimstion in 2 stages, They
start with the relationship,

ha.i(WL) = lna + binW + c\rh(K“_) +e (238)
The assumptions of perfect competition and profit maximization
glve

P _Bl_ = lA,
oL
- Given these assumptions and the relationship (2,38) they

arrived at

b-2b (4 -
ﬂ\% = (-8) ¥ g ox© (239)

where X = K/L,
Ak
Assuming neutrel teohnologloal progress ~(t) = Yol

5 Arrow et al (1961),
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one obtains,
In(WE/N) = Be + Biln Nt Pat
+ By n (KIL) (240)

where

Bo= blnll-§) + (b= )InYo

,312 C‘"b)
Ba = A (—b“])
By = —C

Given the data on WL , the wage rate and K/L we cean
eqtimate the relati\gnship (2,40) to obtain OLS estimetes of
g's and consequently of b, AN and &.

From the estimates of b A, C , and &

we can ocaloulate ¢~ using the relationship

b

G = e

J ,
= (1+ mcamss )

where A = b+C-) Be_C
o ‘ b+tcC-)

dlp-)
A = ¢ [—6)7

We can see here that s 1s an explicit function of the
capltal /labar ratio.

We disoussed both single equation and multiequation
models to estimate production functions. But as we shall
see in the next ochapter, most of the estimations done for

the Indlan data are based on single equation models.
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CHAPTER IIT
EMPIRICAL ESTIMATIONS FOR INDIAN MANUFACTURING

The empirical estimation of production functions is
meinly ddne to obtain estimates of the parameters =~
elasticlity of substitution, returns to scale, factor shares;
and to measure technologlcal change,

Section 1: SOURCES OF DATA:
For the estimation the date could be obtalned from CMI

(Census of Menufacturers in India), SSMI (Sample Survey of
Mapufacturing Industries), ASI (Annual Survey of Industries),

The CGMI gave data on 29 industries for the period
1946-58, It covered factories reglstered as per the
Faotorles Act of 1934 (i.e, firms using 20 or more workers
withk power). As per this definition it ocovered only 6500 to
7000 factories, _

However, CMI was replaced by the ASI in 1959. The AST
ocoverage Is much broader then the CMI, The ASI govers the
factories reglstered under the Factories Aot of 1948 (1.e.
1t covers factories employing 50 or more workers with power
and 100 or more workers without power). The remaining
faotories, which are not covered by Faotory Ast of 1948,
were covered by sampling methods, The ASI data are
aveilable for both semple and census segtors.

The ASI and CMI olassificetions are different. The

¢éifferences in coverage end olassification lead to the
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problem of comparability of the data in case of time series
enalysis. Beceuse of this problem of comparability of the
data, we find in the empiriocel studies a tendency either to
restrict the analysis upto 1958 or not to cover the CMI
period ai all. In that case, the later studies as pointed
out by Mehta (1980), leave out en importent period of Indien
industrialization, To cover both ASI es well CMI periods in
the analysis, one has to make adjustments so as to make the
data comparsble, But 1t was found thet not many studies
have made an effort to meske the data comparable,

~ Mehta (1980) obteined a comparable CMI - ASI time-series
far the period 1953-65, The ASI gives data on 63 groups of
industries as against the CQMI which gives data for 29
industries. Mehta found that 27 out of 29 groups were
fdentiffed with the AST groups. The two CMI groups which
could not be 1dentified with the ASI groups were the 22n4
and 28th group.

He made two types of adjustments to meke CMI-ASI series

-comparable; one with regard to the industrial oclassifisation
and second with regerd to the units covered, As far as the
units covered are soncerned, to meke ASI and CMI date
comparable, Mehta suggested two alternatives, One is to add
the data of faotories using 20 to 49 workers with power to
the AST serles. The second alternative was to remove the
non=AST deta from the CMI series and make the whole series

comparable with the ASI base., He ruled out the first
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alternative because of lack of appropriste data, So, he
constructed e continuous time-series for the perliod 1953-65

by removing the non-AST date from the QMI,

Sectlion 2: MEASTREMENT OF VARTABLES:
Outpub:

Output is often measured as gross value asdded or gross
value of the output. GVA is preferred to net value added
because depreciation rigurqs need not always reflect the
actual cepitel consumption, The QMI depreciation ig A
caloulated on the basls of rates allowed for income-~tax
pu;'poses. In such cases, the depreclation figures, instead
of reflecting the capitel consumption, depend on the
prevel 1ing law., Therefore, GVA is preferred to NVA, Murty
end Sastry (1957) have drawn data from company balance sheets.
They measured output as net value of the output from the

profit end loss acocount of the t‘:lrm.s.1

Leber:

In the caese of labor, CMI and ASI give data on three
categories of lebor: workers directly employed, persons
other then workers and workers employed through ocontrsctors,
Waeges and salaries data are given separately for these three
categories. However, labor 1s also measured in terms of man
hours. But the use of man hours as a flow of lebor servigces

involves a strong assumption, "It assumes that the inherent

1, Net value of the output = Sales + olosin
g stosck -
opening stock =~ manufacturing expenses - Aepreciation,



average physicel and mental ocapacity of persons employed in
esch occupation is constant over tlme."z However, Benergi
thinks that one cen assume the average cepscity to produce
to remein roughly the seme over a "reasonable™ time-period.
Denison (1961) observed that output per man varies less than
output per man hour. So, he preferred employment data as e
measure of effective labor input,
Capital: |

Capitel 1s very often measured as gross fixed capital,
The data on capitel poses a number of problems, It is
megsured as fixed cepitel by Sanksr (19%0), Mehta (1975),
Ra je lakshmi (1985). Sankar {1970) divided the fixed capital
items into structures and plants and machinery. He used
separate deflators for the two categorles - index number of
bullding costs and index number of machinery prices
respectively., In his anslysis, as he himself has mentioned,
he 414 not take into account the age structure of capital,

Mehta (1975) measured fixed oapital as the aggregate
of the book value of land, buildings, plants and machinsry.
He deflaeted the time series by the index of machinery and
trensport equipments,

The use of grosa fixed capital cen be justified
"particularly in case of under developed ecountries, on the

ground thet capital stock are probably more often used at

2, Banergl (1975},
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approximstely constant levels df efficiency for periods far
beyond the accounting life measured by the normal
depreciation," (Banergl (1971). Banergl (1971) also
pointed out that since large emount of expenditure is
inourredvin order to keep the asset in more or less similar
productive oapacity snd keep the equipment more or less
intact, there is no need to subtract depreciation from the
gross value of the cepitael stock,

There are meny more problems in the measurement of
capital arising from heterogeneity, age structure, price
de?lators. The age structure of capiltal affects the gross-
net adjustments. Hashim and Dadi (1971) made the gross-net
and price adjustments to obtaln an adjusted continuous
capital series of Indian Manufacturlng,

The data on age-structure of capital cannot be obtained,
So, they calculated the average gross-net ratio for each
1ndustry for a partioular year end converted the book value
into gross velue. Suppose we obtain the gross-net ratio (r)
for the 1th year, then we oen build a capital series using
ennual gross addltions to the stock of capitel as,

2 { Lt (+
G =Nmw+A +A
gros s value

where G
T - gross-net ratio

N - Net value (depreciated book value)

.
'

gross addtions to the ocapital stook during

a yesr,



Thus, they obtained gross capitel serles at purchase price
of fixed assets for 28 industries which are comparable to
CMI industries.

These complexities in the measurement of capitel led
to the use of capitel surrogates such as horse power ratings
of electric motors end electricity consumption. These
proxies do not raise any 1ndex number problems. Alsc, to
take account of substitution of one fuel for another, one
cen construct a composite measure. Sastry (1981) constructed
a composite measure of totel energy oonsumpf.ion for the cotton
industry. He took into ascount 16 fuel components and
converted them to & common base (in terms of coal replacement).
The conversion factors he used were obtalned from the
Ptroleum Infarmation Servise, U,N, World Energy Supplles.

What led him to the use of capitael surrogates was the
fact that In most of the studles, where capital is measured
tragitionelly, the elasticity of output with respect to
oepitel 1s very small or even negative end statistically
‘1nsignifiocant., With the use of the capital surrogate he
obtained significant estimates of elasticity of output with
respeot to cgpitel,
Section 3: EMPIRICAL ESTIMATIONS:
3.1 Estimations for the whole Manufecturing Sector:

The CD end the CES are the most wig ely used forms of
produstion funstion for empiriosl estimations, Though the
VES production funotion permits the cepital/labor ratio to



be an explenatory variable in determining the elasticity of
sub st tution, not meny estimations are based on the VES
funocti .,

The empiricel estimates of the parameters of the
prodwoti on function are not only of theoretical interest,
they may also provide useful guidelines for economis poliey,

The elasticity of substitution has a number of
implications, It has been shown by Solow (1956) that the
unsteble balance of the Harrod-Domar growth model depends
critically on the elasticity of su‘b‘ustiwtiion. Lucas (1970),
Sargent and Wallace (1975) have shdwn that the elastié!ty of
augsti tution has melioations for the cyoclical behavious of
the labor's share, The elasticity of substitution can also
provide guidelines for resource allocation,

-The ocapital and labor co-effigclents indicate their
relative importence in the industry concerned, If the
produotion function 1s linearly homogeneous, the sum of the
co~efficients will determine the nature of returns to scale,

Teochnological change has been identified as a donﬁnant
factor of economic growth, Technological cheange oan be
measured elther by productivity indices or by shifts in the
production funetion, A time series of totel factor .
productivity indices would show the intertemporal ohenges in
the capacity of the productlicm system to generate output,
There are three indices of Total Faotor Productivity (TFP)
often used for the purpose of estimating teohnologioal
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progress,
(1) Solow Index A(t)

(2) Kendriock Index K(t)

(3) Domer Index D(t).

Solow used the term technological chenge as a "short
hand expression for any kind of shift in the production
function, n3 He assumed technologieal change to be neutral
in the sense that the marginal rate of substitution remains
the same with the change in output,

Yt = A{t) F(Lt, Kt) - (3.1)

A(*_b) measured the effect of cummulative shifts over time,
Differenting (1) with respect to time and aividing by Y we
obtain,

g =R/ + ACT)KIK) + A (YL )(MIL)
(22)

or,

Yy = A/a 1 WKy WL L) (3'3)
Dots denote the partiel derivatives with respesot to time,

Solow derived a whole series of technologlcal progress from
the identity

Alen)= Ale) (14 ARLY ) ALY (24)

3.« Solow (1957),
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The Kendriock index (Kt) is based on the assumptions of
per fect competition, perfect substltutability, profit

maximisation,
Ye
L T — 2.5
Ke = 25 7 BKw &)
« & B are labor end cepital co-efficlents respectively.

4 9
Domar constructed an index of TFP for Y=A L K

funotim, It 1s a geometric index.

InY = lad + Alnl + BlnK
s Vﬂ(“/dt\ = ('/p)(dP/d t) + "(‘/L)Ld‘-/dt) + Bk Xc\k/dt)

bp = Yiy ~[* (L) Bk ]
o

=2 _ {’L (A/L) + B Cdklﬂ] (3¢)
Y

3,2 Estimation of Elasticity of Substitution:

Table 1 summerises the results of the estimations of
the production functions for the whole Indian manufacturing
gsector. The estimati ons are done for both time-series as.
well as cross~section data." The studies are restrioted to
the CMI period. Even the studles in early 70's do not extend
beyond the CMI period - Basnergi (1971), Nersimham end Fabryecy

L. Cross section: Dutta (1955), Murty & Sastry (1957)
Time series: Dutta Majumdar (1967), Benergl (1971),
Nersimham & Febryoy (1974).



(1973)., However, Dutta Mujumdar (1967) has estimeted the
production function for the period 1951-61,

As for the cross-section examination of CES production
funoction, Gujaratl (1966) estimated the CES production
funotionlfor menufacturing sector consisting of 28 industries
for the year 1958, He obtained direct estimate of elasticity
of substi tutim based on a relationship between value added
per unit of labor and wage rate, His findings rejected the
hypothesis of '

The two ma jor cross-section studies by Dutta and Murty
ar}d Sastry were carried out before thg noti on of the CES
production function was introduced.

In case of tims-series estimations, Banergi (1971) and
Narsimham, Fabryey (197Z) have estimated CD as well as CES
for the period 1946-58, So, these studles have tested the
hypothesis of s—|as agalnst the CD function with a built-in
property of ¢ =\,

To estimate the elasticity of substitution, Benergl
- (1971) has estimated a number of relationships based on CES
production function including a lagged modsl, He estimated
the following relationships,

In (YL = o“lhic_ 4+ 6 In A (é-?)
-8

This glves a relationship between average labor productivity
end the wage rate, One adventege of estimating this

Telationship 1s that we avold the use of data on capiteal,



However, this relationship does not glve us separate estimates
of the efficienoy and the élstribution parameters,
Given the equilibrium relationship

ln(‘(“jt = A+ o loWe +Ue (3%)

and allowing for partial adjustments towards equilibrium,

one can write

IN(YIL) == o (YL) ey =

)\l\n (Y/Li — (Y1) \;—J , 9<A<.

i (Y/L)y = AN CYILY, + (1= /A ) InCY ),

(*19)
Sub;;tituting in (3.8) we obtain
\ﬂCY/L_)t = AN + AN -
-+ (1—)\)\7\(\(“__‘)_&, + AUt QB'\O)

He also estimated a serlal correlation model with a
lagged wage rate term to take account of serial correlation
arising out of misspecif {cations in the error terms, But

the co-efficient of the lagged wage rate term was found to
be statistically insignificant,



But, these relati onships do not allow for non-constant
returns to scale. A CES production function with non-
constent returns to scale, together with profit maximizing

eonditi ons glves, ‘
In(Y/L), = =P/chte) I h 4

R (h-1) -
(h/h+éyn%dbﬂ-(}ﬁf)lnL@ +Ue (3u)

The relationships (3.7), (3.10), (3.11) gave very good
estimates with R2 of .78 and above, But none of these
relationships gave an estimate of elasticity of substitution
significently 4ifferent from one.

On the other hand, Narsimhem and Fabryey (1974) found
that the substitution parameter is sensitive to specification
chenges, They obtained the estimates of the parameters of
the CES function using Hartley's (1961) iterative method.
They estimeted the CES function with and without the time
trend, With the inclusion of a time trend, the estimate of
elastiolty of substl tution was reduced substantially, The
estimate of elasticity of substitution without the time trend
was ,7821, With the introduction of the time variable, they
obtalned an estimete of elastioclty of substitution as low as
¢3534s They eleo estimated the relationship (3,7) which
appeared to be a weak reletif onship with an R2 = ,2855 and
geve a stlll lower estimate of elasticlty of substitution
of 2373,

Thus, the estimates of elestiolty of substitution, as



woe have seen, are sensitive to speoiflcation changes and

al so depend on the period under consideration. So 1t would
not be very ressonable to assume unitary elasticlity of
substitution end go on to estimate a CD function. We should
obtain tﬁe estimates of the elasticity of substitution and
then only determine the form of the production function,

3.3 Estimation of Returns to Scele: |

The sum of labor and cepital co-efflicients of the URCD
gives en estimate of returns to scale, Dutta (1955)
undertook a cross-section study of Indian Menufsecturing for
the years I9hé end 1947. EHe estimated en unrestrieted CD
function for Indlan manufacturing. For both the years he
obtained very good fits with R2 of ,968 and ,971, His
estimates of returns to scale conform to the hypothesis of
constant returns to soale for both years, But over the
years, the estimate of the elasticity of labor with respect
to output has gone down substentially and that of capital has
gone up,

On the other hend, as seen from the estimates of Marty
and Sastry (1957), who carried out a cross-sestion enalysis
for the years 1951, 1952, even though the elastioities move
in the same directl on the magnitude 1s only merginal, Their
estimetes al so favored the hypothesis of constant returns to

scale,

All these estimations by Dutta, Marty end Sastry gave

very good fits with R° of ,95 and mbove walch implies that
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more then 954 of the variations in the output are explained
by the faotors of productlon,
As for the time-serlies estimations, Dutta Majumdasr
(1966) chose to estimate restricted CD funstion for the
period 1§51-6i. So, under the assumptions of unitary
elasticity of substitution and constant returns to scals,
all that he obtelned were estimates of elasticity of labor
and capital with respect to output (.46 and .54 respectively).
On the econtrary, in hils extensive study, Banergl (1971)
estimeted four relationships based on TURCD,

) Y = Ax dlnl + Blnk + € | (3.12)

nY= A +AlInL 4 BnK 4+ YInU+ € (3;13)
lnY= A+ AInL+ BlnK + At + ¢4 (3e1k)

\nY = A +AnL + Plak + Ab+vlnU+ey (3.15)

Out of these four relationships only (3,12) ylelded
significant estimates of both capital end labor co-efficlents
with R? of the orger of .82, The sum of the so-effiolents
was greater than one at 10% level of significance. |

In (3.,13), he inoluded a capacity utilizetion variadle
into the relationship, However, nowhere in his enelysis has
he mentioned how he has méasured capacity utilization., It

cen be seen from Table ! that (3.13) gave a higher R2. But
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we cennct really say that this gives a better fit unless we
comput e ﬁz, especially when we are estimating the
relationships with so many veriables. To Banergl, (3.(13)
estimetes seemsd more 'plausible'. DBut not knowing how
capaclty .utilization has been measured, we cannot say
anything about the 'plausibllity' of the estimates, Though
we do not want to go into the detells of the capaoityv
utilization problems, it should be mentloned here that 1t
capacity utilizetion 1s treated as synonymous to capital
utilization, capitsl 1s being measured twice in reletionship
(3“.13), vhich might lead to problems of collinearity/serial
correlation, '

Kri shnemurty (1961) gives a better way of dealing with
the utillzation problem. He consijered two production
functions; the full capacity production funsction and the
production functi on relating labor and capital utilised to
output. The later relatlionship can expressed as

A B
N = AL (RO
where K is the capital stoeck and U is capacity utilization

rate.s (KU) thus glves the capitel stock corrected for
utilization.

(3.13) gave him an estimate of returns to scalé not

5 There are various measures of capacity utilization
1like Maximum out put, minimum capital output retio
meesure, But we do not go into the problem of
measuremént of cepacity utilization.
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significantly different from one,

Anocther relatl onship Banergl (1971) estimated to obtain
s measure of returns to scale (3.14) was TRCD with the
fntroduction of a time trend, The co~efficients of time
variable .and capital were statisticelly insignificent, The
sum of the cepitel and labor co-efficients was not
significantly different from one. The estimates obtalned
with the introduction of both time and utilizatlion variable
(3.15) were as Banergl stated 'implausible and unstable',

(3.11), the CES production function with non-constant
re“turns to scale, also gave evidence in favour of oconstant
returns to scale,

So, on the whole, the evidence was more f_ln favour of
sonstant returns to scale, Moreover, (3,12) gave an
indloetion of inoreasing returns to scele only at 10%
signiflcence level, So, (3.12) also does not give a strong
indication of inoreasing returns to scale,

Nersimham, Fabryoy (1973) estimated RCD end CES funection
with constant returns to scale for the period 1946-58,
However, looking at the evidence in fevar of constant returns
to scele at aggregate level, their assumption of oonstant
returns to scale asppears to be reasonable,

34 Technologlosl Change:

To measure technologlcal change, Banergl (1971) ané
Nersi mham, Fabryey (1973) heve tried to find out to what
extent technologicel change has contributed to a rise in
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output.
Benergl studled the productivity trends seperately over

the MI (1946-58) and ASI (1959-64) periods because of the
problem of the oomparability of the data, He found that

the Kendriok and the Solow index move a very closely
together. So, he concentrated only on the Solow Index, For
the period 1959-64, A(t), the Solow Inédex showed a downward
trend. Labor productivity showed en lncreasing trend. He
could find the presence of capital deepening but not of tech-
nological change, _

On the contrery, Narsimham, Fabryey (1974) could trace
th; presence of tgchnologio al change, When they estimated
the CD production function with a time trend, assuming
constant rate of technologieel change, the presence of
technologlecal change was not significant, But rate of
technological chenge need not be constant and may vary over
the period, So, they used the analysis of covariance,

Using this method, technologiocal changes were found to be
~highly significant end were found to ocour in spurts, Over
time, they estimated technologlcal progress to be
approximtely at a rate of 2% per year, but with zero advance
in 1950 end 1956 end around 6% in 1954 and ‘55,

Le1: Estimotions et a Disagpregnted Level:

In the above seotion, we reviewed the findings with
regard to elasticlty of substitutfon, returns to scale and

technologicel change for the Indlen manuf aoturing at an
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agzregate level, However, estimati ns at a disaggregated
level msy give a dif ferent ploture, A4lso, for some of the
policy 1ssues like how much to invest between large and
smell soale industries, we have to analyse the problem at a
disaggregated level, breaking up the industrisl sector
between different industries because aggregate estimates
will not serve the puwrpose,

Diwan end Gujarati (1968) have dlscussed this partiocular
problem in connection with the pollcy objectives of
employment and productivity, These two objeotlves are
conflicting. To maximlse long run output, one should go in
for a capital intensive technology. On the other hand, to
maximise employment in the short run, labor intensive
techniques would prove superior,

The output i3 determined by the market as well 2s the
technique chosen for the productlion, So, the relationships
they estimated are of the nature of demend functions for
employment. Recognising the need to test the essumption of
~unitary elasticity of substitution, these relationships sre
based on the CES produstion function,

In the first model, they meke allowances for market

Imperfeoti ons, The assumption of profit maximization gives
the reletionship,

_— = aw
S @a-16)
W 13 real wage rate, 'a! glves the degree of market
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imperfections, Then a = 1 implies equality between the
imrginal productivity of lebor snd the real wsge rate. tg!
is .a function of the elasticity of demand for output and
the elastioity of supply for laber., So, @ Z | will imply
merket iniperrectl ons,

They derived the marginal productivity relationship
based on the CES production function end substituted in
(3.12) to obtain a demand function for employment,

e = A’ Wi Ye Ui (27)
where, )l
d = h+€
ni+])

(3.17) implies that output and wage rate are
exogenously determined and these in turn determine employment,
In the second model, they assumed that there is
unlimited supply of labor so that demand alone Adetermines
enployment, But the existence of surplus labor does not
ensure unlimited labor supply in all the subseotors,
Speoially in the industrial sector we need skilled laborers
and the supply of skilled labor can be insreased only with
a time lag, Also, insteed of making a simplifying assumption
of homogeneous labor, they were more realistio and classified
labor in two subsets ~ unemployed (U) and employed (E).
Since in & technologicelly determined sector the supply san
be adjusted only with a time lag, they arrived at a model
which takes ecoount of the dynamie adjustment process, The
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adjustment process depends on the elasticity at which the

supply adjusts to demand,

AV X A :
Le = A'We Ve Uer (31%)
whefe,
& = 2
[—<A2

TIn the third model, they take account of the fact that
changes in the market structure a]_.so influence the quantity
of employment demanded and supplied., In this model, they
take Into consideration two factors - growth prosess in the
output market and changes in the merket,

) For a continuous growth process, the planned output
should always be higher than the asctual or realised output,
For simplicity, Diwen and Gujarati assumed the ratio of
Planned output to actual output to be oonstant, |

They attributed growth in the wage rate to changes in
the market struolture and growth in the marginal produst,
The equation (3.16) can be modified to accommodate chenges
- in the market structurse, The ratio (Ge- /ac ) will give
the direction of changes in the market imperfections, On
the hypothesis that merket imperfections depend upon the
wage rate,they posfulated the relationship

Qe = (_w_b )
We- (319)

where M 1s the elasticity of changes in the market
imperfectl cus with respect to rate of growth of wages,
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DY (Utt) - M * '
(SE)E = W W = W (3:22)

-8 relationship between changes in the market struecture to
the marginal product,

Incorporating these market imperfections in the first
model and taking account of the fact that the Ademand for
labor arlses from planned output (\rtp) and not actual
output, they obtained the new demand function for employment

TN
Le = A Ytp \’\Jb (3'1‘)
(’Ttpzcw\ﬂ’t_,' where N\ 13 plenned growth rate)
Sub stituting for ]ﬁw, and bdz, they obtained the redused

form

B, P3Py
Wht., Yt \Qﬂ -&@b (313)

Lo = AMwp
and o= —CB+B5)
They estimated (3.17), (3.,18) and 3.,22) for 28

industries for the period 1946-58, For the same perioa,
Banergl (1971), as we have seen, obtained results in favour
of unitary elasticity of substitution and constent returns
to scale at en aggregate level, But the estimation of these
three models by Diwsen and Gujarati gives a different ploture
at & diseggregated level,

~ To sey that one model is better than the other two,
they set the oriterion that it should give a value of B2
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higher by at least ,10 than the other two models, On this
eriterion, the first model holds for es meny as 16 industries.
However, in the cese of a few 1ndustries, the second and

third models do give sn indication of Iimprovement over the
first model.

The estimatlion of these models generelly ylelded high
ﬁ? with the exoeption of vegetable oils (8), tenning (11),
woollen textiles (19), Aluminium, copper and brass (22).

The estimntes of elasticlty of substitution obtained
from these three models are summarised in Table IY, Thelr
fiydings with regsrd to the elasticity of substitution in
the Indlan industry were as follows:

Five industries, ceramics (14), Jute (20), chemical,
drugs and pharmacentiocals (21), Aluminium (22), Yron and
steel (23) gave the same estimates of the elasticity of
substl tution irrespective of the model used., For 12
industries - (1), (2), (3), (&), (5), (7), (8), (10}, (15),
(16), (27}, (28), two out of the three models gave consistent
- estimates of elasticity of substitution., Out of these, 10
estimtes were significantly different from zero., In the
rirst case only the first two estimates are significant.

For the remalning industries, the estimates of the elastioclty
of substitution differed from model to model, Out of these
only 4 were signific ant,

The explenation they give for so meny estimetes of

elastiolty of substitution being insignificant 1s that "the
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déta relate to time series and simoe all varlebles are
growing over time the estimates are liable to suffer from
collinearity."

As for the magnitude of the elastlolty of substitution,
the ir .evidenoe was not in favour of the hypothesis of unltary
elasticity of substitution. Only starch ané cement were
found to have s grester than one, All the remaining 26
industries showed an elasticity of substitution less than
one, This should be noticed particularly beoéuse for the
same period (1946-58), Banergl (1971) estimated four
relationships based on the CES function at en aggregate
level and rejected the hypotheslis of 63| for the Indian
manufacturing. Out of the se 26 industries, for four
1ndustries (1), (2), (16), (17) the velue of ¢ was in the
range .5 and i1, For 8 industries it was less than ,5. In
a8 many @8 13 industries the estimates of s were
insignificent, So they ceme to the conglusion that & 1in
Indien 1ndustries was quite low, |

Estimetion of model II led them to the conclusion that
the adjustment between demsnd and supply of labor doss not
take a very long time, They attributed this to the fact
that the process of industrialization hed just started and
the employment level was not very high,

Rajalakshm! (1982) aspplied these models developed by
Diwen and Gujarati (1968) to Rajasthen end All Tndla fTor
mineral end metel group industries for the period 1960-73,
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She estimated the first two models 1.e, (3.17) and (3.18)
to determine the parasmeters - employment elasticlity of
output, elastlolty of labor demend with respect to produot
wage end returns to scale for the above mentioned group of
fndustries for All-Indla snd Rajasthan,

As for the elasticity of labor demand with respect to
produot wage, it wes not significant for 2 out of 6
industries. However, 1t was significant for Rejasthen 1in
case of thres industries - basic 1ndustriel chemlcals, non-
ferrous basic metals and electricel machinery., ZEmployment
elgstioity of output was significant for Rajasthan as well
as All-Indla 1n the case of electricel machinery, It was
significent et the All~India level for metals except
machinery and wes insignificant for two industries. 4s far
as the performnce of the two models 1s concerned, the first
mod el ’gave signifioant F values for 5 Iindustries whereas the
second model gave significant F vaelues for only 2 industries,
So one can say that the first model performsd better than the
- gecond model,

However, even if Diwen and Gujarati found thet
elasticity of substitution was less than one for most of the
industries, Banergl (“1979) estimeted a CD funotion for 5
Industries nemely cotton {1946-63), Jute (1946-63), Paper
(1946-58), bloyocle (1946-58), Suger (194,6-63)., For the
paper industry Diwan and Gujarati obtained an estimate of
elasticity of substitution whioh was less than one for the
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seme period, 1946-58, Banergl on the other hand assumed 1t
to be unity and went on to estimate a CD funotion., For Jute
textiles, though Banergi's estimates refer to the perlod
1546-63 and those of Diwan and Gujarati to the period 1946-58,
Diwen andv Gujarati obtained ean estimate of elasticity of
substi tuti cn which was even less than .5 as opposed to the
unitery elastieity in case of a CD funetion. TFor the
remaining three industries the estimates obtalned by Diwan
end Gujarat! were not even significant, Though Banergi's
estimtes relate to a longer perlod, it would have been'
regsonabla to cbtaln the estimates of eleasticity of

substi tution rather then teke 1t to be unity,.

Mehta (1980) estimated a number of relationships based
on the CES function to obteln the estimates of elastioclty
of substitution, His estimations relate to the period
195365 for 27 industries,

The first relationship he estimated related value added
per unit of labor to wage rate, Similarly, he estimated
- another relationship based on value added per unit of capital
and rental to capital, In the third relationship, he equated
the marginel rate of substitution between labor and capital
to the wage rental ratio.

The first two relati muships were estimated with and
without the time trend., However, he came to the oonslusion
that dropping of the time trend does not generally affeot
the elasticity of substitution, The estimates of elastiolty
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of substitution cbteined from these three relationships,
67,62 ,q respectively are glven in Table IIT,

It can be seen from the results summerised in Table III
that the estimates of the elasticity of substitution are
sensitivé to specification changes., The regression of value
added per unit of labor on wage rate ylelded estimates of
elasticity of substitution significantly dif ferent from zero
for 17 industries, On the contrary, the rezression of value
added per unit of ocapitsl on rate of return on capltal geve
significant estimqyes'af elasticity of substitution for all
the industries. The R2 also improved substantlally in ocase
of.the second relationship, The explanetion far this is
perhaps that the éssumption of perfect competition 1s more
reasonable with regerd to capitel than labor. The third
relationship gave signiflcent estimtes for 16 industries.

For 10 1lndustries - (3), (4), (13), (14), (17), (18),
(19), (20), (22), (25), all three models ylelded significant
estimates of elasticity of substitution, But es for the
-megnitude of the elestiolty of substitution, it varled
substentially with the model in a number of industries - -8
for glass end glessware 6 , 62, ¢ were 1,18, .43, .18
respectively and for sewing meehine they were ,87, .09 snd
001 respectively,

Sankar (1970) in his étudy covered 15 industries which
agoounted for more then 95% of the value added in

manufaocturing, The industries were - oot ton textile;
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woollen textile; Jute; Iiron and steel; aluminlum, copper
anm? brass; blcycles; genersl engineering; sugar; paper;
soap; chemicals; palints end vernishes; cement, ceramles;
glass end glassware,

He dovered the period 1958-63. The estimates of the
elastioclty of substituti on were cbtained from the CES
production function using the meximum likelihood method and
Bayesian techniques.6 He obtatned the maximum likellhood
estimtes of elasticity of substitution ranging from 2727
Tor glass and glassware to 1.44 for bioycles and these
estimates were significantly éifferent from one in the case
of 5 industries at e 5% level of significence,

The Bayesian estimates of s~ led him to the conclusion
that eonsumer oriented industries have higher elasticity of
substituti on than other industries,

6. These two methods are not dlscussed in Chapter 2,

The estimations are based on the production funsction

€s=1) =4 5 /\6‘

Yit = €=p (iLXLZL + ‘Jt)[é Knt + 1)L ] expVil-

The function i3 homogeneous of degree A\,

Z1 1s the d4ummy variable which takes value 1 for the 1
region and zero for others, 9 1in the rate of
disembodied technicel progress, He obtained the MLE
estimate both with the dummy end time varisbles snd
without them also, However it was found that the
introduction of dummy veriaebles end time trend A4ig

not improve the estimates of s— in more than four
Industries,
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Venke tagswaml (5975) also estimeted a CES funotion for
29 industries for the period 1948-67. The relationshlp he
estimated as based on valve added per unit of lebor and wage
rate, The hypothesis of ¢x| was rejected in the ocase of
21 industries, Rstimation of the above relationship led him
to the conclusion that 60% or more variations in labor
‘productivity are explained by varlations in wage rates alone,

However, all these estimates of elasticity of
substitution were independent of the oapital/labor ratio.
Kazi (1980) eand Rajalekshmi (1985) obtained estimates of
elasticity of substitution which were a function of the ratio,

V. Kazi (1980) carried out the crosé-section examinati on

of the VES produofioh function for the years 1973, 1974,
1975, He obtained the estimates for two~digit and three-
digit olassification covering 9 and 16 industries
respectively,

Using L u and Fletcher's formulation he estimated the

equation

Y = ImA + binW + (_l'n(_K“_) +U (3e3)

For two dlglt olassification his results show that the
co-efficient of capitel/labor ratio s highly significent at
5% level 1n most of the cases, His results thus prdvide a
Just! floation for the proposition thet the ocepital/labor
ratio 1s en important explanatory varlable in determining

the elasticlty of eubstitution,

In cese of three dlglt classification also, the



co-efficlent of cepital/labor ratic was highly significant,

When he ocompared the estimates of .elasticlity of
substltution without capitsl labor ratio (Table IV, ¥), it
was found that the incluston of the variable (K/L) in the
produotich relati cn ohanges the estimates of elastielty of
substitution significently. For the year 1974, the
estimation of a CES funotion gave estimates of elasticlty of
substitution not significantly &if ferent from one for 5 out
of § industries, But wlth the Inclusion of (K/L) ratio in
the reletfonship, the seme estimates were significantly less
than unity at 5% level,

“ Similaerly, fo_r the year 1975, 7 out of G industries
gave an estimate of elasticlty of substitution not
signifiocantly different from one with the CES relationship.
Whereas, all the estimates were slgniflcently less than one
when (K/L) wes included in the relationship, The CES
estimates of elasticity of substitution tend to have an
upward blas, Most of the estimates of elasticity of
substltuti on conform to the VES hypothesis that the (K/L)
retio 1s an Ilmportent explanatory variable in determining
the elastlcity of substitution end s~ 1s also verlable among
industries, Since the CES estimates might have an upward
blas, one needs to test for the VES hypothesis of ¢ .

The findings of Diwan end Leonardson (1985) compars
Tavourably with the above findings, Their analysis relating
to 18 1ndustries was done for the year 1971, They divided
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the industries into small, medium and large on the basis of
gross output, They estimated elasticlty of substitution
when technologioal chenge was neutral ( 6~ ) and elso the
elastloity of substitution when technologleal change was
blaged (61, ). G 13 & function of the share of capltal in
the output, whioch is variable. The estimates of &= were
less than or equal to one for all the three groups but
estimates of 6, were considerably lerge (Table 6a }. Thus
they coﬁoluded that "there 1s & large amount of flexibility
in the production structure to substitute oepital for labor;
glven the nature of blased technlecsal change,™
| They further‘classified the data into 5 groups according

to the i{ndustry type. From the regression results of Kazi
(1980), they estimated 63 end G, for this industrywlise
classification (Table 6b), Thers wés a close agreement in
their estimates, Here agaln they found that &, 1is greater
than one for 3 or the 5 groups - I, IIT, IV which reilnforces
the Ir earlier oconeclusion,

Rajalekshml (1985) estimated & VES function for the
time-series 1960-75 for the purpose of productivity
compari sons of All-Indla and Rajasthan, She has also resorted
to Iu end Fletcher's formulation to obtain an estimate of
elastlolity of substi{tution. The funotion fitted very well
with R® of .95 for Rajasthen end .8, for All-Tndia. Also,
the co-effiolent of capital/labor ratio was significent for

both the cases, On the basis of these regression results
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she csloulated elastioity of substitution for the years 1961,
1965, 1970 for All India and Rajasthen (Table 7). The
elasticity of substitution was very high for the years 1961,
1965 and then slowly showed a declining trend, But even
then she .found thet it was much higher than unity. She
attributed the high velues of elasticity of substitution to
the messive investment progrsmmes during the second and third
five year plans which encoureged investment in fixed cepital
equipments, With the utilization of this installed capacity,
S showed a declining trend. It was noticed that for all
the years S R < Gar1. So, she concluded that there
wa"s large scope for substitution between labor and capital.
The low valué of élastioity of labar demand with respect to
product wage indloates that in spite of the high substitution
value, labar employment is insuf ficient. Thus higher level
of employment could be generated in both the sectors
(RaJasthan and All India),

Another suoch effort of productivity comparisons was
made by Sastry (1981), He obtained the production function
estimates for cot ton textile industry (1946-70) for
Maharashtra eand Temil Nadu and compered them with All India
estimates, He estimated CES production function using the
mrginal productivity relaticnship and obtained estimates of
elastlolty of substitution not signifiocantly aifferent from
one for Meharashtra, Temil Nadu as well as All-Tndia,

Thus, though in most of the studies at an aggregate
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level, it was found that the elasticity of substitution is
not significantly 4if ferent from one, estimations at
disaggregated level present a dlfferent pleture as the
elastibity of substitution varies substentially among
1n6ustri§s.

L,2 Returns to Scsale:
As we have seen, at aggregate level some studles assumed

constant returns to seale7, or, when the hypotheslis of non-
constant returns to scele was tested, 1t was rejected.s
However, in ppei: major industrywise study, Diwan and
Gujarati showe& that there was no reason to proceed on thé
asQumption of constant returns to scale without testing the
hypothesis, They obtained the estimates of returns to soale
based on all three models, They defined ﬁhe measure of

returns to soale (V) as

V = =57

A-
For six industries (6), (8), (10), (19), (20), (22)

~(see Table II), they obtelned a negative valus for returns

to scale. For the industries (5), (14), (15), (21), (25),
(26), they obtailned consistent estimates for all three mod els,

It cen be seen from Table II that for a number of

7. Gujaratl (1966), Dutta M _
and Fabryoy (13%4). e Majumder (1967), Nersimham

8, Dutta (1955), Murty end Sastry (1957), Banergl (1971).
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{ndustries the value of V is quite high, They came to the
conclusi on thet generally the velue of V ranges betwgen 2
and 3. The explanetion they glve for sich a high value of
V is that, in the period under conslderation, the {ndustriel
gsector wes in a transitional stage, Governmsnt polioy
encouraged the building of capacity. 4lso, the techanology
it self was changing. New firms were going in for a more
capital intensive technology. So cepacity wes growing
faster then output, making it 6ifficult to maintain the
output at a oapaolfy level, This might have resulted in
over estimation of V, They pointed out that to transform
thése capacities into output becomes dlfficult due to

bot tlenecks in préduction llke lack of raw materials or even
spare parts depending upon imports which might result in
stopping the production at less then capacity level, Thus
in such a case "production 1s not only a function of labor
and capital but also imports," However, the estimstes of
returns to scale obtained by Narsimham end Febryey (1974)
for the period 1949-58 d1d not gzilve as high estimates as
obteined by Diwan and Gujarati,

Banergl (197%4) estimated URCD for five Industries to
obtain an estimate of returns to scsle, He estimated URCD
with dummy varlables for stete and year, The use of dummy
variables for state/year will allow each state/year to have
1ts own intercept which will reduce the misspeocification

consequences of assuming the same slope for all states,
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For cotton textile, the URCD estimates without state
and time dummies gave en indlcation of lnereasing returans
to scale, But with the introduction of state dummies, the
cstimates favored the hypothesis of constent returns to
scale, |

However, for the jute textile, he obtained estimates of
constant returns to scale Irrespective of state and time
dummies,

For the sugar industry, URCD estimetes gave evidjence in
favor of constant returns to scale, But with the introduction
of state and time dummies, he obtalned estimates signiflcantly
gréater than ons, implying increasing returns to scale, This
gives sn indication that the regitonal variations and cyolical
fluctuations In this industry are significant, Other two
industries - paper and bicycle, gave estimestes of increasing
returns, unanimously for all the models,

Sankar (1970) obtained maximum likelihood estimates
(MLE) and Bayesian estimates of returns to scale from the
CES production function, The two estimates are in close
agreement for all 15 Industries, Out of these 15 industries
, for three industries ~ cement, glass and glassware, bioyole,
he obtained estimates of decreasing returns to scale for the
period (1953-58), For the bleoycle industry, Banergl (1974)
obtalned increasing returns to scale from a URCD estimation
for the period 1946-58, For 5 industries both MLE and

Bayesian estimetes gave evidence for inoreasing returns to
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scale for the period 1953-58,

Mehta (1980) estimated URCD for 27 1lndustries to find
that constent returns to_scale prevail in most of the
industries. When he aspplied the Tinter test to test the
hypothesis of constant returns to scale, 1t was rejected in
the case only 5 industries. However these estimations assume
unitary elasticity of substitution, In case the hypothesis
of unitary elasticity of substitution i1s not valid, to avold
the consequent misspecification, he estimated CES production
functlon with non-constant returns to scale, These
estimations slso indloated presence of constant returns to
scéle in 17 industries end increasing returns to scale in
only five industries, This led him to the overall conclusion
that constant returns to scale prevail in most of the Indian
industries,

Sastry (1981) also estimated CES function with non-
constant returns for Maharsshtra, Tamil Na&u, All-IYndias for
the cot ton mill industry only to reject the hypothesis of
-non-constant returns to sceale,

Rajalakshmi's estimates of returns to scale for metal
and minerel group industries obteined from Diwan and Gujarati
(1968) models, range from 1 to & in case of Model TI gl ving
en evidence of increasing returns to scale in this group of
industries for the period 1960-73,

Simllarly, she obtalned evidence in favor of inoreasiﬁg

returns to scale for the menufecturing sestors of All Tnala
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end Rajasthan for the period 1960-75, using the same
relationships.

Thus we see that the empiricel evidence on returns to
scale varles as per the specification of the model and time
period under comslderation. The evidence so far at a
disaggregated level does not strongly support eny of the
hypotheses of returns to scale,

4,3 Technologicsl Change:

To measure technologicsl change in Indiasn manufecturing
Banergl (1971) computed the productivity index and came to
the conclusion th;£ over the years capital deepening was
taking place and not technologicel progress, Narsimham and
- Fabryey (197%) uséd the enmlysis of ‘covariance to trace the
presence of teohnologlosl progress and found that it was
oococuring in spurts and not at a constant rate,

However, Sankar (1970) estimated teschnological prﬁgress
using the producticn functi on estimetes (Footnote 6 - g stanés
for Hlcks-neutral technologlcal progress in the CES function).
In 10 out of 15 industries he found that the estimates of
technologlical progress were positive, In 6 industries the
estimates were significantly greater then zero at a 5% level
of significance, However for cotton and cement Industry the
estimates were significently below zero.

Venkataswamy (1975) traced the presence of technologloal
progress usihg both CD end CES produstion funotion, The

estimates obtained from CD funotion were a little lower than
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those obtain from CES function, This is perhaps due to the
reason, as mentioned earlier, that the co~efficients of a

CD function carry the burden of expressing non-neutral
technologicel progress as well as returns to scals,
Vbnkataswémy found that the industries which experienced a
high degree of technologlical change were = aluminium, copper
and brass, electric fans, electric lamps, glass and glassware,
bloyocles, sewing machines, sugzar, chemlcals and cement over
the period 1948-67. Though in industries like cotton and
Jute technologicel progress was negligible, on the whole he
fopnd that there was technologlicel progress in the
manufscturing sector,

Sekong end Narsimham (1974) enalysed the nature end
mgnitude of technologicel progress in Indian menufacturing
over the period 1949-58 using a different approech.

They epplied Johansen's model which relates the rate
of growth of labor productivity over a period to its income
share in value added.g

They divided 28 industries into four groups - food and
related industries; ohemicals; metals and engineering;
textile, ceramics, glass and wood.

The estimates of technologioal progress were further
decomposed into inter-industry emd intra=industry
technological progress using Massell's model.10 They found
that over the perfod 1955-58, Also in the first period the
decomposi tion of technological progress into intra end inter

9. Johensen (1961),
10. Massell (1960).
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industry progress adid not give a different ploture whioh
implied that there was no misallocation of resources. But

in the secoﬁd phase (1955-58) the intra industry technological
progress was found to be greater than inter industry
technological progress suggesting a misellocation of

resources whiech they attributed to the Government polioy
during the second 5§ year plen which emphasised investment in
heavy industries.

The analysis at & dlseggregated level shows that the
estimetes of the parameters of the production function vary
with the form of t~he production funetion, with the level of
agéregati on, Not only this, the estimates may also vary
with the parﬁouhr assumptions made in the model under

consideration,



CONCLUSION

In this study, we have made an attempt to review the
literature on estimsti on of production functions and the
estimatims done for the Indian menufaoturing sector. We
were specificelly interested in peremsters - elasticity of
substituti on, returns to scale, and teohnological progress,

We started our ansl ysis in the set-theoretic framework
and defined the production possibility set., We also showed
that this spproasch was superior to the traditional one, But,
we also saw In theq first chapter that to estimate the above
ment! oned pérameters, which have important polioy implications,
one hes to go back to the traditionsl fremework, We mainly
oonsidered three forms of produvotion function - CD, CES, VES,

The three variables, Y, L, K are measured at verious
levels of aggregation which very often implies adding up of
heterogeneous quantities, The conditions under which they
can be added up m_eaningmlly, end for the aggregate production
‘function to' exist led to e brief discussion of the aggregation
problen,

Solow and Fisher assumed thet all the firms are equally
efficlent 1,e, constant returns to scale. Then the aggregate
production funotion exists only ir the firms differ by capital
asugmenting dif ferences, However, Sato (1975) allowed the
firms to vary in produsctive efficlency., He showed that the
existence of aggregate production 1s uniquely defined by the



efficlency distribution, Over time, the efficlency
distritution changes., The aggregste production functlon\
should be invarient to the shifts in the effieclenoy
distrituticn. It can be invariant to the shifts if and only
if the technlicsl change is factor augmenting. This means
that the efficiency distribution should shift in e
systematic manner, If the efflclency distribution stretches
proporti mately, it incorporates labor augmenting technologle:
progress, If it scales up proportionately, it accounts for
the capital augmen}ing technological progress, Combining
the two, we can also make a case for ceapital and labor
auémenting technologieal progress, The aggregate production
function 1is invariant between the efficiency distributions
1f the shifts are of the above menticned type, 1.e., factor
augmenting technologlesl progress.

Ther e are many more aspects of the aggregation problem,
®. 2. aggregate production function serves as an important
tool in growth anelysis and also for forecasting purposes.:

' In such cases we have to resort to aggregate production of
exante nature, The aggregate production functions we
discussed were of short run nature end shifts short run
aggregate producti on funstions, The relationship between
the producti on functlion of short run nature snd exante
production funotion should be anelysed, But it will form a

part of more elaborate study,

As for the methods of estimating product!on funotion,
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we discussed both, single equation and mults equation models,
Estimatl on of single equation models leads to a number of
problems if OLS assumptions ere violated, One can also
choose to estimate a system of simultaneous equations
consisting of & producti on function and first order conditions
of profit meximizati ocn. But here we have to face the
jdentificati on problem., In such a case we have to add
exogenous veriable to the profit maximizing conditions, By
estimating a system of simultaneous equations we eliminate

si mltaneity prob19m. Also, the complete system of equations,
es pointed out by Intriligstor (1978), "expresses the
aséumption that the data reflect both the behavior of the
deci st on meker (tﬁe rifm) and the teohnology, while the
production function reflects only technology"., Kmenta (1967)
estimated a CES function using similtaneous equations. But
most of the estimatl ons done for the Indian esonomy are based
on single equation mod els,

These methods of estimation are based on the assumptions
.of oonstent returns to soale, profit maxt mizetlon and perfect
competi tion. In some cases, constant returns to scale becomes
a testable hypothesis.

A nunber of estimetions heve been dcne for the Indian
manuf ecturing sector, We oclassified these studies into two
broad categories: estimations done for the manufecturing
gsector as a whole; estimations done at a dlsaggregated

level, The estimations are done using oross seotion as well
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as time series data based on both CES and CD production
functions, We reviewed the empiricel findings about the
elasticity of substlitution, the returns to scale end
technologlical progress.

It we look st the estimates of elastiolty of
substitution, while a nunber of studies have estimated a CD
funetion, other stufies do not unanimously provide evidence
in favor of a particular hypothesis, Bsnergi (1971) estimated
a number of relationships based on CES production funetion
for the time-series 1946-58, But all of them rejected the
hypothesis & = . However Narsimham, Fabryey (1974)
foll'md that the substitution psrameter is sensitive to
specificatim chaﬁges. Including time trend in the CES
funotion they rejected the hypothesis' =}, On the
contrary, from the cross-section examination of CES
producti on funotion by Gujaratl conecluded that G=1| o
Similarly at e disaggregated level, the estimstes of
elasticl ty of substitution vary rrém industry to industry
and according to the time span covered, So, the estimates
of elasticity are sensitive to specifiostion as well as to
the level of aggregation, In the light of such a wide range
of estimates of elasticity of substitution, and knowing its
policy implications, the proposition 6=| should be made a
testable hypothesis end not a built-in property of the

production funotion,

The estimstes of returns to scale mostly based on CD
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funetion came to an aggreement in favor of constant returns
to scale for time-series as well as cross section data at
an aggregate level, Banergi's (1971) estimates of returns
to scale based on the CES function with non-constent returns
to scale also rejected the hypothesis of non-constant returns
to scale., However, again at a diseggregated level, Gujarati
and Diwen (1968) and other studies showed that the estimates
of returns to scale also change from industry to industry,
The estimates of returns to scale, a2t a disaggregated level
also show a wide range, These findings make rsturns to scale
a hypothesis that should be tested, rather assumption es seen
in a number of estimation methods,

The findings‘about technologlcal progress do not ocome
to an unambiguous conclusion, Banergl (1971) and Narsimham,
Fabryoy (1974 ) traced the presence of technologicel progress
using 4ifferent methods, Banergl (1971) estimated the Solow
Index to come to the conclusion that over the yeasrs the
prooess of capital deepening has set in and not technologleal
~progress, Nersimham, Fabryey (1974) on the other hana, using
enalysis of coveriance found technologicel change to be
slgnif icent and it ooccurred in spurts., At a disaggregated
level, Venkateswemy (1975), Mehta (1980) used the production
func tion spproach. They found that d1fferent inAustries
experienced different magnitudes of teohnological progress,

Another espect of this type of exerc!se 1.0, estimation
of a produstion funoti on was brought by Rajalakshmi (1985)
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where she made procductivity comparisons of All India and
Rajasthen, Other study bringing out this aspect was

Sastry's (1981) estimetes at All India level, for Tamil Nadu
and Maharsshtra for the cotton textile industry. Similarly
Banergi (i97a) incorporated dAummy veriables for the States

to find that in case of some Industries the estimates of
production function chenge significently with the introduction
of dummies which implies that productivity varies from State
to State,

Most of these.estimations done for the Indien
manufacturing are based on the assumptions of perfect
co;petition, profit maximization, congtant returns to scale,
The empiricsl evidenoe does not conform to constant returns
to soele, especlally at e disaggregated level, We should
therefore try to relax the assumption of econstant returns
to soale, As for the assumption of perfect compet!tion,
Dhrymes (1965) developed 2 model to test this proposi tion.
S0, we should test the validity of the assumption of perfect
.competition el so,
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B Du#ta RCD 1951-61 CM1, AS1 " " N.A, L4b 54 "
%aagm?ar
1907

L, Banergee a) URCD 11 Gross fixed Total No .992 43 .82 n
(1971) capital Employment

assets
b) SigE'With " " " " 1.015 . 199 879 "
iliza=- . !

tion
variable

¢) URCD with n " " . " 1.329 075 .828 "
time trend

d) URCD with " " n “ .223 .905 . 7900 "
U &+t

e) SMAC 1946-58 M n n n 1,106 .785 ; "

f) SHAC with " " " " 0.607 .820 "
time trend

g) SHAC distri- " " " " .786 .839 "
buted lag
Yodel

h) SMAC serial " " " " 576 .858 .-
coerrelation ’ ’ ’

5. Narsimham RCD 1346-58 ci Fixed capital No. of Teotno- 2271 L7729 6252 28 Creanised
Fabry CY deflate y workers ogical B D - .
(1971) CES whole sale progress L5925 3075 L7821 L9606 Indian Iacustri

rice index in spurts’
CES with P not con'til L5973 .3027 .3534 .9132

time trend

nuous
process
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Industry Diwan & Gujrati (1968) BEstimate of Returns to scele Nersimhem &
Estimetes of o~ Model I II 171 Fabryey (1974)
Model I I1 ITI Returns to scale
1, Fruits & vegetsbles ,9314 O16 L6748 - 457 ©W7325 4L.1532 1,10
2. Wheat flour .8508 1,0419 9618 - 4881 L0746 - .0751 3.05
3. Rice <0556%  ,1097 . 1445 5.8009 6.2128 10,8565 1,70
L. Biscuits - .0316% 11,3255 .3003 3.2832 5874  3.8958 .89
5., Sugsr - .24,38% - ,1552 L0725 3,2089 3.3119 13,2305 1,00
/6, Distillaries end .

Breweries «3254 «5993 .2057 ~3.3495 -1,2459 =10.7192 . 81

7. Starch 1.0045 1,1343 1.7338 0133 .3325 1.4723 1.53
8. Vegetable oil L2071% 5081 .343 -5.0859 -1,2012 -1,6872 .22
9. Peints & Vernishes - .1880% - .1259 0673 3.3L74  3.6770  5.5254 k3
10. Soap . 2560 .2550  ,0379 -3. 4428 -3.5662 -4,8395 1,12
11, Tenning : - .07h0* L1412 - ,0073 2.8352  5,5335 2,9020 .78
12, Cement .9752% 1.3423 2, 0732 - .085 . .5936 1.2i78 1.5k
.13, Glass & Glassware L0435% L3025 ,1382 7.6093 -24.3881  9.1680 .96
14, Cereamios « 2594 .2286 2197 3.2886 3,1876  3,1249 1,37
15. Plywood & Tee Chest ,1813% ,1765 .Q760 1.77254 - 1,7224 11,6491 1,50
16. Paper & Paper Boerd .9396 11,2952 .8873 - . 2003 L6L35 - 4887 1,07
17. Metches .3798% 1,1760  .5852 3.9730 L5770 1,4392 .91
18. Cotton Textiles LOLOL* 245k .2262  AW.7670  5.8450  3.2928 .87
19. Wonllen Textiles L0614%  ,0324 .0168 -27.0489 -37.0727 -8.1458 2,06
20. Jute Textiles L4430 .5051  .4201 ~1,111G  +0,8785 ~1,3676 .99
A Peimoeutiosls  .os80* 0667 L0788 2.3656 2.3808  2.3035 1.20
2. élﬁgigtum Goppex L0155% 0670 .0112 -66,0738 -13,7205 -33.2929 .99
23, Iron & Steel LAL11% 2020 L1396 7.3852 8.8174 6,3125 1,04
2L, Blcyocles LOL58% - 4316  .0386 1. 4503 +987h  1,4536 1.16
25. Sewlng Machines .0187%  ,0979 - .0026 2. 1421 2,0780 2.2132 1,70
26. Electric Lamps -1.3306 «1,1214 -1,2750 1.8138 1,9757 1,8517 1.04
27. Electric Fans 6611 .8512 - ,7373 -2.4086 9.9200 -1,7536 9L

1 Elsctricel
2. gegzzfneerfgg . 3804 JLh9E 3901 L.9135  6,7641 L. 9304 1.76

% - refers to insignificent estimates.



Table 3 : Estimptes of Elestlolty of Substitution in Jtd Mgy

Indien Industries (1953-05)
T T 7T T Inewstey T Moael T Model IT Model IIY
| § R § & & R
1. Wheet flour .56 W17 JT7* .96 J34% 53
2. Rice milling 1.99% .72 - 56% 94 .003  .0002
3. Biscuit making 1,22% 53 JO1% .98 L7 .81
4., TFruit ancd vegetable processing 1. 39’5‘ .50 .76% .88 .31 .16
5. Suger 0. 54%* .67 83% .98 L70% .95
6, MNistilleries & brewerles 1. 90%* .55 .69 . b .13 .06
7. Sterch . 99% .5k . 80% .93 .22 14
8., Vegetable olls {excluding edible
hydrogenated olls) 1.50 .27 $33% .89 . 0004 .0Q002
9. Xdible hydrogenated oll .06 .16 o S .94 075 .09
10, Peints end vemishes - .35 .05 66% .95 .18% .36
11, Soap .05 .003 CTh* .96 .30 ,68
12, Tenning 1, 24% .92 A1% .82 16 .03
13. . Cement . 59% .27 .83% .97 L40% 69
14, Glass and glassware 1,16% .79 o b3% .93 L18% .35
15, Ceremics 1,38 .89 JAbx M 18,082
16, Plywood end teachests 0.026  .0006 A6 56 A5 0 12
17. Peper end peper board L31% . 6l . 79% .97 .60% .90
18, Matches Lo 49 . .48% 86 L22% 29
19, Ontton textiles L70% .65 Alx L83 435,70
20. Jute textlles 1,30« .75 AbE Lok RTE It
21, Woollen textiles Al .05 . 58% .82 .19 .16
e rags ona pharme) .90 .86 81r o8 76% .88
23, 1Iron end steel 2.65 .13 81% - od .62% .89
2lL,. Bloycles e 23 .022 JA5% L1758 L18% 26
25. Sewing mechines .87% <34 .09% .66 L011% 29
26, TElectric fars .82% .85 91% L8y .18 .07
27, Electric lemps 1.27 .36 . 70% « 9k LAL9% L Th

* - significsntly éif ferent from zero,

Comniled from Mehta (1980).
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T L: BEstimates of Elastieity of Substitution
able by Kazl (1980) (Two-dlgit classification)

197 1975
Tntwsty §% f e e e

b

1,3490° 62752  1,4771° 1,1766

. Foodstuffs (CT715)s (2597)  (L1436) (-2162)
b a

Textl 1 .5528%  .3520%  1,1031° 8373

¢ Tobacoo & Textlles (.1693) (.1154) (0.1127) (o1828)
b e

. Furnit Printi «5066%  (L143%  1,1855° 8633
ity Tpeuice, (:1071) (.1045)  (.1913) (L1418)
k., Chemical snd Chemioal 98337b . 38942 -938hb .5232"
Products (o4247) (L4673)  (.2916) (.3134)
5, Petroleum, Coal & Mon-  1,4,760° 1.6739° 1,328,° 1,5158P
Metallie Minersl Produots (,1858) (.4674) (o 1474) (.3480)
6. Metal Industries _ 1.2451b .6037a 1.0605b 42582
(.1987) (.1899) (¢3425)  (JbL444)
7. Machinery .8353b .72512 1.0628b . 55802

(.26186) (.2557) (.2452) (.2635)

8. Electric Machinery and 8555°  ,2703%  1,287¢° 95072
Trensportati on (.2966) (.3046) («3640) (.5100)
9. Miscellaneous Manufeg- .9871b .5335a 1.039hb .6603%
turing Industries (.1837) (.2464) (o 1451) (.1866)

Notes: * &5 = Elastiolty of substitutlon from CES produstion
function,

S7 = Elastioity of substitution from CES produstion
function with an edditional explana tory variable (K/L),

a Iimplies

b implies is not significantly Aifferent from unity,
o 1implies

The null hypotheses are tested at 5% level of
signifiocence,



Table & : Bstimates of Elastiolty of Substitution
1980)

.......... S .
1, Food products 1, 1468 1, 1468 « 9496
2, Tobacoo and beverages 1, 0798 1,0798 .6391
3. Textiles « 9975 « 9975 » 9098
L. Footwear and allied produsts 5134 .5134 o 4844
5. Furniture and fixtures . 6751 « 6751 .6013
6. Peper and printed allled '
produots y 1.0728 1.0728 . 8288
7. ZLeather and rubber products 1, 3462 1,3462 1,1192
8. Chemicals and chemioal
products 1, 8807 1, 8807 . 567,
9. Petroleum end non-metellies
mineral preducts 1,035 1,0354 « 3420
10. Basic metal industries .8658 . 8658 . 2768
11, Metel products manufecturing 1,7780 1.7780 1, 0040
12, Manufacturing of machinery
except electrical machinery ,7946 . 7946 07634
13, 'Electrioal machinery
apperetus, eppliances 1, 1234 1.1234 1.1234
14, Tremnsport equipment 1,0727 1. 0727 +8716
15, Miscellane ous 1, 0114 1.0114 « 5936
16, ZFleotriolty, gas, water
end senitary .6676 « 6676 1,1108

by Kazi (1980
(Three-digit clagsificetion)

- @K em SE N =B S} P M) T e W Ey G W W as W o -
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Teble 6a : Estimates of Elasticity of Substitution
(Diwan & Teonardson (1985)) lGroupwisei

Group Size 5 6D
.Large .65 ' 3.15
Medium «53 1.84
Small 1,12 2,88

Table 6b : Estimstes of Elasticity of Substitution
Diwen & Leonardson %EEH

( Industry EX.L

Industry Type o 6
I 1,30 1,78
IT : 33 - +35
ITT .78 1.53
Iv ol 1,56



Table 7 : Elagticities of Substitution for Total

Manuf ac turt Sectors of All-1Indle end
Ra ja sthan iRajalakshmi !193555

Year All-Indile
1961 8,6052
1965 545536
1970 2, LL75

M e W a e s P W I P Y T AN = A G W am e

7.0052
2.4978
1,8983

977
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