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Abstract

This paper attempts to study the performance of Bokajan Cement Industry in Assam in terms of Returns

to Scale that are operating therein. It also aims at measuring the technical change in the industry by using the

Production Function approach.
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1. Introduction

Assam continues to make efforts for gearing up industrial activities not only by harnessing

the untapped resources available in the state through various growth inducing factors but

also taking steps for removal of existing infrastructure inadequacies. Assam is widely known

for its abundant mineral resources. The exploitation of minerals in the state comprises of

mainly Petroleum (crude), Natural Gases (Utilised), Coal, Limestone etc. Since, industry is

the backbone of our economy. So, it has a large potential for developing mineral based

industries, viz., Oil Industry, Natural Gas Industry, Coal Industry, Cement Industry etc.

Limestone is the basic raw material required for production of cement. It is available at

Dillai Parbat in Karbi Anglong district in the state of Assam. So, with this available raw

material, Bokajan Cement Factory occupies a place of prestige in the state of Assam. The

foundation stone of Bokajan Cement Factory was laid on 17th January, 1971 by the then

honourable President of India Sri Fakharuddin Ali Ahmed. Since its inception, Bokajan Cement

Industry has a long association with Assam and it has been playing a significant role in

transforming the economy of the region. And so far as our knowledge goes, no econometric

study has been conducted on the production process of such a major industry in this region.

So, an attempt has been made in this paper to study the production behaviour of the Bokajan

Cement Industry with the aid of advance econometric tools that would be helpful to point out

the necessary recommendations and suggestions for further study to improve the production

of Bokajan Cement industry.

In this context, it is proposed to investigate the nature of returns to scale that are operating

in the industry and it is also proposed to measure the technical change in industry by the

production function approach.

*Author for correspondence.
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The growth of output of an individual unit takes place apart from that occurring due to

input factors. These types of changes in output take place due to technological change.

Originally, M. Abramoviz (1956) explained growth of output in US economy with the help of

this kind of study.

Murray Brown (1966) classified technical changes into neutral and non-neutral. A neutral

change does not affect factors of production, i.e., it has no effect on the marginal rate of

substitution of capital for labour and hence for a given ratio of factor prices does not influence

the proportions in which capital and labour inputs are combined. Thus, such technical progress

does not affect the capital or labour intensity of the productive process. On the other hand,

a non-neutral change alters the production relation. It can be either labour saving or capital

saving.

Solow (1957) provided a relatively extreme study of how technical progress might be

handled and shifts in the aggregate production function separated from movements. He

devised to measure technical change by specifying a simultaneous equation system. He

used production function approach by considering some assumptions-

(i) The production function is of Coob-Douglas type.

(ii) The factors are paid according to their marginal products.

(iii) There is a constant returns to scale.

(iv) The technical progress is neutral type.

2. Models and Methodology Adopted

The most widely used production function for measuring returns to scale is Cobb Douglas

(CD) Production Function. The general form of Cobb-Douglas Production Function is given

by

Q = AL
α
K

β
U (2.1)

Where, Q = output, L = labour input, K = capital input, A = constant, U = disturbance

term, α and β are positive parameters.

Writing in log form, the equation becomes

logQ= logA + αlogL + βlogK + logU (2.2)

Under constant returns to scale, the economic theory would suggest that

α+β = 1 (2.3)

Equation (2.3) is known as linear equality restriction.

If we use (2.3), we can write the CD Production function as

log(Q/L) = logA + β log(K/L) + logU (2.4)

Now, following the Restricted Least Squares (RLS) technique, F-test can be applied to

test the relation (2.3), where the F- statistic is defined as

F = [(RSS
R
–RSS

UR
) / m] / [RSS

UR
/ (n–k)] ~ F (m, n–k) (2.5)
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Where,

RSS
R
 = Residual Sum of Squares of the restricted regression

RSS
UR

 = Residual Sum of Squares of the unrestricted regression

m = no. of linear restrictions

k = no. of parameters in the unrestricted regression

n = no. of observations

Now to measure the technical change, following Solow (1957), the production function

can be written as

Q= A(t) F(K,L) (2.6)

Where, K and L represents capital and labour respectively and the multiplicative factor

A(t) measured the cumulated effects of shifts in the function.

Under constant returns to scale (2.6) may be written as

Q/L = A(t) F(K/L, 1)

or q= A(t) f(k) (2.7)

Where, q and k are output per unit of labour and capital per unit of labour respectively.

Changes in output per unit of labour over time are therefore the result of either neutral

technical change or of increase in capital per unit of labour.

Taking the total differential of (2.8) w.r.t. time, by letting,

q'=dq/dt k' = dk/dt A' = dA(t)/dt

q' A'f k
q

k
k'= + ⋅b g

δ

δ
(2.8)

dividing (2.8) by q leads to an expression for the proportionate rate of change in output per

unit of labour

q'

q

A'

A t

q

k
k'= + ⋅

b g
δ

δ
(2.9)

Solow assumes that factors are paid their marginal products, so that

δ

δ

δ

δ

q

k

Q

K

m

p
= = (2.10)

Equation (2.9) can be written as

q'

q

A'

A(t)

mk

pQ

k'

k
= +

F
HG
I
KJ

⋅ (2.11)

or
∆ ∆

β
∆q

q

A(t)

A(t)

k

k
= + (2.12)
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Where, β =
mk

pQ
 and ∆’s are the discrete approximation to time derivatives. Using this

relationship, the quantity 
∆A

A(t)
 can be estimated for each year. This is an index of technical

change, measuring the proportionate change in output per unit of labour.

Solow assumed that there is a fixed share of capital (β) in the output per head. Hence,

β coefficient has been calculated by fitting the function

Q

L

K

L
=
F
HG
I
KJ

Α

β

(2.13)

i.e., taking labour productivity is a function of net capital per unit of labour, β indicates that if

we increase capital per unit of labour (K/L) or capital intensity by one percent, the labour

productivity would rise by β percent.

Applying the above methodology, we have calculated A(t) series for the cement industry

by taking A(1988=1) and by using the fact that

A t 1
A t

A t
+ = +

L

N
M

O

Q
Pb g b g

b g
b g

Α τ
∆

1 (2.14)

The data used for this study have been collected from the official records of the concerned

industry for the period 1988-2008.

3. Results and Discussion

Estimation of Cobb-Douglas Production Function

The fitted CD production function is

logQ =   .484   +   .485* logL   +   .625* logK (3.1)

   (1.639)  (.137)    (.287)

R2 = .786 R
2

761=. F = 31.306

RSS
UR

 = .569 d = 1.362

*indicates significant at 5% probability level.

Figures in the bracket indicate standard error of respective coefficient.

It is seen that the value of R2 is high indicating the fit of the model is quite well. Again,

the output - labour elasticity is about .485 and the output - capital elasticity is about .625

which are significant at 5% probability level. If we add these coefficients, we obtain 1.11,

suggesting that the Bokajan Cement Industry during the study period was experiencing

increasing returns to scale. Also, the Durbin-Watson d-statistic indicates that there is no 1st

order positive autocorrelation in the regression.

To see if that is the case, let us impose the restriction of constant returns to scale, and
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the estimated regression equation (2.4) is

log (Q/L) = 1.349 + .489* log (K/L) (3.2)

    (.177)    (.125)

R2 = .458 R
2

428=. F = 15.233

RSS
UR

 = .578 d = 1.421

Here, it is seen that estimated R2 as well as R2  value is low as compared to the earlier

regression. However, the coefficient of (log of) capital - labour ratio is significant at 5%

Fig. 1 : Contribution of technical change in the growth of cement industry.

Fig. 2 : Change in residual productivity [∆A(t)/A(t)] in cement industry.
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probability level. The Durbin-Watson d- statistic indicates that there is no 1st order

autocorrelation in the regression.

The estimated value of F-statistic using (2.5) is 0.2119, which is not significant at 5%

probability level. So, we can infer that the Bokajan Cement Industry is characterized by

constant returns to scale over the period. Thus, it is clear that the assumption of constant

returns to scale for measuring technical change in the concerned industry is justified.

Now, we have calculated A(t) series for the industry by using (2.14) which is shown in

Table 1. The Table 1 shows that the trend line of technical change over the period is downward

with a significant trend rate of technical change (.019).

We are considering A(t) series as an indicator and profile of technical change and it

has revealed fluctuating tendency as shown in Fig. 1. Table 1 reveals that there is a sharp

and sudden rise of A(t) in 1989-1990 and it started to decline with small dips till 1992-1993.

During 1993-1994 there is a sudden rise and then it has tended continuous decline with some

minor dips till the end of the study period. Overall there is a declining trend in the technical

change in the Bokajan Cement Industry. The annual trend rate of declining the technical

change is (.019) which is significant at 5% probability level.

From Table 1, it is observed that 
∆A t

A t

b g
b g

 exhibits a constant trend fluctuating about the

fixed mean. The series shows a wrong sign during 1990-1993, 1996-1999, 2001-2002, 2003-

2004, 2005-2006, which suggests that the rate of technical progress was very low. A plot of

∆A t

A t

b g
b g

 over time is shown in the Fig. 2.

Though the value of A(t) indicates a maximum (47%) shift in the production function

during 1995-1996, but over the whole period there was a declining trend and the average

compound rate of decline of A(t) is .019 which is found to be significant at 5% probability

level.

Thus, the production process of Bokajan Cement Industry is operating at a constant

returns to scale, the  trend line of technical change of the Industry over the period 1988-

2008 is downward and the annual trend rate of declining the technical change is .019
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