Input  Substitution in the
Indian Paper Industry: a
Variable Cost Function
Approach

K.V. Ramaswamy, R.R. Vaidya, M.J.
Bennis and J.G.M. Hoogeveen

CREED Working Paper No 7

July 1996



The authors

K.V. Ramaswamy is Assistant Professor and R.R. Vaidya is a researcher at the Indira Gandhi Institute
of Development Research (IGIDR). They may be contacted at:

IGIDR,

Gen. Vaidya Marg, Goregaon (E),
Bombay 400 065,

INDIA.

(Tel: (91) 22 840 0919
Fax: (91) 22 840 4026

Martiin Bennis and Hans Hoogeveen are researchers at the Institute for Environmental Studies (IVM)®,
The Netherlands. They may be contacted at:

Institute for Environmental Studies
Vrije Universiteit

De Boelelaan 115

1081 HV Amsterdam

THE NETHERLANDS

Tel: (31) 20 444 9555
Fax: (31) 20 444 9553

The authors thank G.D. Badrinath, Mrs R. Banerjee, P.N. Bhat and P.J.H. van Beukering for their
valuable comments and efforts as enumerators. The authors would also like to acknowledge useful
comments on an earlier draft by Subal S. Kumbhakar and Huib M.A. Jansen.



The programme of Collaborative Research in the Economics of Environment and Development (CREED)
was established in 1993 as a joint initiative of the International Institute for Environment and Development
(NIED), London, and the Institute for Environmental Studies (IES), Amsterdam. The Secretariat for
CREED is based at IIED in London. A Steering Committee is responsible for overall management and
coordination of the CREED Programme.

Environmental Economics Programme, IIED

IIED is an independent, non-profit organisation which seeks to promote sustainable patterns of world
development through research, training, policy studies, consensus building and public information. The
Environmental Economics Programme is one of seven major programmes of IIED; it conducts economic
research and policy analysis for improved management of natural resources and sustainable economic
growth in the developing world.

Environmental Economics Programme

IIED, 3 Endsleigh Street

London WC1H 0DD, UK

Tel (44 171) 388 2117; Fax (44 171) 388 2826
e-mail: JSIIED@aol.com

Institute for Environmental Studies, (IES)

IES is a non-profit research institute, based at Vrije Universiteit, Amsterdam. The Institute's primary
objective is to carry out multi- and interdisciplinary research on environmental issues, based on cross-
fertilisation of monodisciplinary sciences. Environment and the Third World is one of eight major IES
research programmes.

IES, Vrije Universiteit

De Boelelaan 1115

1081 HV Amsterdam

The Netherlands

Tel: (31 20) 444 9555; Fax: (31 20) 444 9553
e-mail: ies@sara.nl

CREED Steering Committee members include:

Dr Johannes Opschoor, Vrije Universiteit, The Netherlands (Chair)
Prof Gopal Kadekodi, Institute of Economic Growth, India

Dr Ronaldo Seroa da Motta, IPEA, Brazil

Dr Mohamud Jama, Institute for Development Studies, Kenya

Dr Anantha Duraiappah, IES, The Netherlands

Prof Harmen Verbruggen, IES, The Netherlands

Joshua Bishop, IIED, UK

Maryanne Grieg-Gran, IIED, UK



Abstract

The trend towards trade liberdisation in developing countries is likdy to increase the flow of
recyclable waste paper from indudtrialised countries, raising concerns about the impact  on loca
sources. Centra to an andlyss of the impact of internationa trade is the subgtitutability between
imported and domestic waste paper by the paper industry as the main user of these inputs. It is
particularly important in view of the uncertainty regarding future prices and availability of domegtic
forest raw materias and imported pulp. This paper presents the results of a survey which was
undertaken among paper mills in Gujarat and Maharashtra, in India The aim of the survey was to
collect a cross section of data for firms in India which use waste paper as the primary materid input
to cdculate not only an estimation of dadticities of substitution between imported and domestic
waste paper but dso the price and cross dadticities of raw materiads, labour and energy. The
results suggest that the subdtitution possibilities between the three specified inputs, are limited. The
same conclusion is drawn for the subgtitution between imported and domestic waste paper, given
the total materia cost.

Resumen

Laruta hacialaliberdizacion de comercio en los paises en desarrollo pareciera aumentar los flujos
del papel de desecho reciclable desde los paises indudtridizados, aumentando € interés sobre los
impactos en las fuentes locaes. Un aspecto centrd en d andids dd impacto de comercio
internaciona es la subgtituibilidad entre papel de desecho importado y doméstico, para la industria
de papd como d principd utilizador de este recurso. Es de particular importancia en vista de la
incertudimbre que se refiere a los precios futuros y la disponibilidad de materia prima forestal
domédtica y la pulpa importada. Este documento presenta los resultados de una investigacion
llevada a cabo en aserraderos de papd en Gujarat y Maharashtra, en la India. El propdsito de la
investigacion fue recolectar una seccion cruzada de datos para empresas en la India que utilizan
papel de desecho como € recurso materia primario para cacular no sdlamente una estimacion de
las dadticidades de subgtitucion entre papel de desecho importado y domégtico, sino también d
precio y las eagticidades cruzadas entre materia prima, trabgjo y energia. L os resultados sugieren
que las posibilidades de subgtitucion entre los tres recursos especificados son limitadas. La misma
conclusion se muestra para la subsitucion entre € papel de desecho importado vy locd, dados los
cogtos totales de los materiaes.

Abrégé

Latendance ala libérdisation des échanges commerciaux dans les pays en développement risque de
donner lieu aune augmentation du flux de déchets papetiers recyclables en provenance des pays
indugtrialisés, phénomene dont I'impact sur les sources locaes et cause dinquiétude. Le potentia
de subgtitution entre les déchets de papier d'origine locae et ceux importés par I'industrie papetiére -
principa utilisateur de cette matiere de base - condtitue la pierre angulaire dune andyse des effets
du commerce international en la matiere. Ce facteur prend toute son importance au vu de
I'incertitude affectant les prix et la disponibilité futurs des matiéres premieres forestiéres et de la péte
de cdlulose importée. Ce document présente les résultats dune enquéte menée auprés des
fabriques de papier du Gujardt et du Mah&a htra, en Inde, pour faire la collecte d'un échantillon
représentatif de données rdatives aux entreprises indiennes se servant des déchets de papier comme
matiére de base, &fin déablir non seulement une estimation des dadticités de subgitution entre
déchets papetiers d'origine importée ou domestique, mais auss les prix et dadticités croisées des
différents intrants. matiere premiere, main daavre et énergie. Les réaultats de cette éude tendent a
souligner I'aspect limité des possibilités de substitution entre ces trois facteurs de production. Etant
donné le colt tota de la matiere, on et parvenu aune concluson smilaire quant ala subgtitution



entre déchets papetiers importés et locaux.
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I ntroduction

The trend towards trade liberdisation in developing countries is likey to increase the flow of
recyclable waste paper from industrialised countries, raising concerns about the impact on loca
sources. Centrd to an andysis of the impact of internationd trade is the substitutability between
locally produced and imported waste paper by the paper industry as the main user of these inputs.
It is particularly important in view of the uncertainty regarding future prices and availability of
domedtic forest raw materials and imported pulp: prices of both imported waste paper and pulp
have risen sharply in recent years (Beukering et al. 1996).

To shed light on the issue of subgtitutability a survey was held in February-March 1995 amongst
paper mills in Gujarat and Maharashtra, in India. The am of the survey was to collect a cross
section data for firms in India which use waste paper as the primary materia input, to serve as a
basis not only for the estimation of dadticities of subgtitution and but aso of price eadticities of
(derived) demand. In addition, the collected data provide the basis for the determination of the
Materid Flow Modd in Beukering and Duraiappah, forthcoming.

This paper presents the results of this survey and the outcomes of the estimation of a variable cost
production function. From these results the dadicities of subgtitution between imported and
domestic waste paper are caculated, as well as the price and cross eadticities of raw materias,
labour and energy.

The paper is sructured as follows. The first section presents a short description of the survey
results, in the following section the theoretica framework for the estimations is outlined, followed by
their gpplication. Empirica results are then presented after which conclusions are drawn in the find
section.
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The Survey

Sample selection

It was decided to select paper mills within the 700 km region around Bombay as Bombay is Indid's
most important point of entry of imported waste paper. Within this area mills were sdlected

randomly from an updated list of paper mills in the area congtructed by the interview team. In tota

70 paper mills were visted of which 68 interviews were sufficiently complete to be entered in a
computerised datafile

Sdected mills had to fulfil four criteria

1. the mill was running at the time of the gppointment

2. the mill was using non-conventiona (waste paper or agricultura residues) inputs
3. the owner of the mill had not been interviewed on a previous occason

4. the interview could be fixed on short notice.

While the excluson of wood based paper mills implies that the results are not representative for the
whole paper sector, this does not serioudy impact on the objectives of the project to evauate the
environmental impact of the internationa trade in waste paper.  In addition, the results only hold for
the Maharashtra/Gujarat region and not for the whole of India, dthough it may be argued that results
are gppropriate for most waste paper mills since they are generaly located in or near large cities.

Sample description’

All but one of the 68 mills in the sample used waste paper in the production process. Eight mills
used agriculturd inputs, of which one used only agriculturd inputs. Two thirds of al the mills (41)
used imported waste paper.  The main reason given (40 mills) was its quality (fibre strength),
followed by the fact that the required type of waste paper was not available localy (21 mills), or that
the local supply was not sufficient (17 mills).  Although only eight mills used agriculturd inputs, thirty
indicated that they were technicaly capable of processng agricultura residues. In eight mills wood
or bamboo could aso be applied.

All the mills were established between 1932 and 1994, with an average age 15 years. The average
age of the equipment was lower a 11.6 years snce most mills had upgraded their machinery or
expanded their capacity. Most of the equipment purchased at start-up, particularly for the more
recently established mills, was produced in India (78%).

The sdlected mills were smal in comparison to those in Europe or America. The average annud
production of 6,700 tons per annum is much lower than quantities of 100,000 tons per annum which
areredised in USA and EU (Ewing 1985). The average yearly turnover was 101 million rupees.

The mgority of mills (43) produced one type of paper, usudly kraft paper in different grades (burst
factors). Fifteen mills produced two types of paper, and five mills produced three or more main
products. Table 1 provides an overview of the principa types of paper produced.

° For amore detailed description of the sample,see The Indian Paper Industry, Facts and figures of the industry
survey february, march 1995 by M.J. Bennis, P.J.H. van Beukering and J.G.M. Hoogeveen, background report,
IVM DeBoelelaan 1115, 1081 HV Amsterdam, 1995.
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Tablel
Main typesof paper produced

Type of paper Observations
kraft 42

duplex board 5

(other) boards 8

newsprint 3

writing and printing 6

others 4

TOTAL 68

Modern equipment was not used, evidenced not only by the age of the equipment and the smdl size
of the factories, but aso by the types of paper most mills produced: the more popular kraft paper is
easer to manufacture compared to writing and printing paper or duplex board.

The mills usudly operated 24 hours a day, and employed a permanent workforce of between 20
and 750 people, usudly men, with an average of 137 (excluding the owners). Women are rarely
employed in this sector, usudly taking on clerica or unskilled production work, or sorting waste
paper as casud labourers. Casud labourers were employed in nearly haf the mills (33), with an
average of 38 persons per mill.

The variable production costs contain four main categories. raw materials (waste paper, agricultural
inputs and wood pulp), chemicas (chlorine, rosin, soda, dum), labour and energy. The codts
asociated with these categories are variable at the level of production. Figure 1 presents the
digtribution of the variable production costs. On average, these costs accounted for 80 per cent of
the sdle price.

CREED Working Paper SeriesNo 7 3



Cirmiirai

Distribution of variable paper production costs

chemicals
labour 6%
6%

energy
23%

raw materials
65%

1

The am of the andydsin this paper is the determination of cross eadticities between different inputs,
particularly for the cross eadticity between imported and domestic waste paper.  Therefore only
those firms that used both imported and domestic waste paper are used in the calculations. Of the
41 mills that used imported waste paper, one used solely imported waste, hence 40 mills remain in
the sample.

In the estimations capital has been measured as the replacement vaue of the current mill. In some
cas=s this vaueis condructed using other rlevant information provided by the firm, including:

cost of establishing/acquiring the mill

year of establishing the firm

age of the equipment a start up

tota investments since Sart-up

age of the equipment a present

book value of land, buildings and equipment
market value of the firm.

NogakwhE

Energy has been converted to joule equivaents, using the following converson factors.

Table2 Main types of ener gy sour ces

Energy source Conversion factor (in millions KJ)
Cod (ko) 29
Electricity (kWh) 36

Natural Gas (m3) 30
Wood (kg) 16
ail (1) 33

The price of materids is caculated as the weighted average of the price of domestic and imported
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wagte paper whereby the weights are the shares of the values of domestic and imported waste in the
tota materid vaue.
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Table3 Variablesused in econometric analysis. mean, standar d deviation and range

Mean Standard deviation  Maximum Minimum

Capital (millionrs) 125 220 1140 75
Wage (rs’employeelyear) 26629 7690 44000 13817
Price of imported waste (rs/ton) 9182 2434 17000 5500
Quantity of imported waste (ton/year) 4311 3618 15188 151
Vaue of imported waste 37.9 30.9 120.8 18
(million rs/year)

Price of domestic waste (rs/ton) 5415 1427 11000 2000
Quantity of domestic waste (ton/year) 5141 3056 14532 948
Value of domestic waste (million rs/year) 279 171 799 45
Vaue of materials 65.9 411 146.9 132
(million rslyear)

Price of materials (rs/ton) 7393 1888 14029 4445
Price of energy (rmillion KJ) 0.15 0.05 034 0.08
Energy costs (million rs/year) 216 201 94.9 39
Total variable production costs (TVPC) 931 576 236 185
share of [abour in TVPC 0.06 0.04 0.22 0.02
share of imported wastein TVPC 0.37 0.16 0.66 0.07
share of domestic wastein TVPC 034 0.14 0.67 0.03
share of energy in TVPC 0.23 0.09 0.56 013
share of materialsin TVPC 0.71 0.13 0.88 0.29
share of imported waste in materials 051 0.19 0.96 0.11
share of domestic waste in materials 049 021 0.95 0.04
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The Theoretical Framework

The egimation of dadticities of subgtitution and (derived) input demand is an exercise in gpplied
production analysis. The conceptual framework is briefly explained below®:

Given the technology, producers make decisons regarding the use of inputs based on the technica
possihbilities embodied in the production function and on relaive input prices. The concept of
production function is used to represent the technica relationships between maximum output and a
st of inputs given the gate of technology. A specific functiona form for the production function is
assumed. The parameters of this function provide information on important characteristics of the
technology, namedly, dadticity of scae and dadticity of subdtitution. Eladticity of scale measures the
proportiona change in output due to a proportiond change in dl inputs. The concept of dadticity of
subdtitution measures the ease of subgtitutability between two different inputs with constant outpuit.

As an example, congder the well known Cobb Douglas production function:
Q=AKL*,A>0,4>08<1

where Q is output, K is capital and L islabour input and A is referred to as an efficiency parameter.
It can be shown that & and @ are parameters representing partid output easticities of capitd and
labour and their sum (& + &) measures the dasticity of scale. The dadticity of substitution is unity for
the above function. The implication is that dl factors are "equaly subgtitutable’ with each other.
Consequently the share of factorsin total cost remains congtant for dl firmsintheindugry. Thisisa
restrictive assumption.

In this paper the cogt function is specified as the trandog (or transcendenta logarithmic) form. The
trandog cost function is a flexible functiona form in the sense that it imposes few redtrictions on the
scae and subgtitution properties of the technology. In contrast to the Cobb-Douglas function, the
estimated eadticities of subgtitution can now be different for each firm in an indudtry.

Direct estimation of a production function has severa disadvantages. Note that the explanatory
variables in the above function are factor quantities which are assumed to be exogenous to the firm.
Entrepreneurs make decisons on factor usage by taking factor prices as given. In this case, factor
quantities are endogenous decison variables. If cos minimisation is taking place then direct
edimation of production function ignores such information. Therefore we modd explicitly the cost
minimising behaviour of firms by means of a cog function. It shows the minimum cost of producing
a given output level expressed as a function of given input prices and this enables us to answer
questions relevant to the present study.  In other words what happens to input utilisation if the i th
input price changes.

To do so we follow the modern dudity theory which shows that under certain regular conditions,
production and cost functions are two equivaent representations of the technology of production.
Let us assume that there exists a production function

19 For further details see Chambers, 1988.
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Install Equation Editor and double-

click hereto view equation. .
relating output (Y) to the vector of inputs & 1. The cost function is

Install Equation Editor and double-
click hereto view equation. 5

@

where C isthetotd cost and w = (wi, i= 1..n) isavector of factor prices. Given C we reconstruct f.
Thus the cost and production functions are dud in the sense that each may be derived from the
other. Given avdid functiond form for C, we can derive in principa the production function which
yidds C asits cogt function. Further following Shephards Lemma, if C(w,y) is differentidble in w
then the factor demand function coincides with the partid derivatives of C with respect to the factor
prices. Consequently, the conditiond factor demands (conditiona on output) for thei th factor are:

Install Equation Editor and double-
click hereto view equation.

3.
@)
If we define
Install Equation Editor and double-
click hereto view equation. 4

3

asthe share of factor i in the costs of production then the cost share equations can be obtained as

Install Equation Editor and double-
click hereto view equation. 5

(4)
It is clear that (2) and (1) are equivaent representations of the technology since (2) is obvioudy
derived from (1). We can add disturbances u; to the demand equation to represent errors in cost
minimisation and estimate the parameters as a multivariate regresson.
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The Modd

The mode for the paper indudtry is based on the following assumptions:
i) input prices are predetermined for the firmsin the paper indudtry;
i) paper industry exhibits congtant returnsto scae.

The focus of the present study is on substitution and derived demand and not on scale properties™
iii) Firms minimise varigble cost subject to agiven level of output and fixed capitd.

Hence we estimate a short run varigble cost function with capital stock as ques fixed input (ie, fixed
in the short run). This is judified on two grounds: firg, if al the inputs in the cogt function are
vaiable, ingantaneous adjustment is implied whereby dl inputs are in full satic equilibrium (Brown
and Chrigtensen, 1981). It is congdered more redigtic to assume that the firm is in equilibrium only
with respect to its set of variable inputs but not necessarily with respect to its capitd input; second,
prices of capitd services are not available.

Thus a congtant returns to scae variable cost function is defined:
C= Yg(PL, Pwm, Pe, K)

where C istotal varigble cog, Yis output and P., Pv, and Pe, represent prices of labour materias
and energy respectively. K isthe quantity of capitd.

The trandog variable cost function for the paper industry then takes the following form:

Inc=Indo+ G& InP; + 172004, Inp InP; + & InK + 1/2
(InK)2+ 048 InP; InK (5)

whered;; = &;; ,ij =L (labour), M (materid), E (energy) and c = C/Y.

For a cogt function to be well behaved, it must be homogenous of degree onein prices, given Y: ie,
if dl input prices double, costs double too. To this end the following restrictions apply:

04, =04,=04,,=0 (6b)

Logarithmic differentiation of the variable cost function (5) with respect to R, By, and R: yidds
three cost share equations.

' One of the referees pointed out that we should relax the assumption of constant returns to scale. We attempted
this without success. Estimation of scale parameters requires the addition of the cost function to the system of
share equations to be estimated. Severe multicollinearity led to meaningless results.
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S=a +a,InP +awInPy+ainPe+akInK (7
Su=ay +auINPL+aum NPy + aue I Pe + 8k INK (8)
S =3 +aInP. +aye NPy + Qe INPe + 8¢ INK 9

where S, Sy and & are cogt shares of |abour, materias and energy, that have to sum to unity
(redtriction 6a).

We impose the linear homogeneity redtrictions (6b) by dropping the energy share equation
(homogeneity implies that the three equations are no longer independent) and estimating the labour
and materid share equations with the price of energy (Pe) as the numeraire. The coefficients of the
third share equation can be eadily retrieved from the coefficients of the two estimated equations by
subdtitution.

Usng the estimated parameters of the above trandog cogt function the following eadticities of
substitution and price dasticities can be calculated™.

1) Allen Patid Eladicities of subdtitution:
0, =@;+S9)/ S5 i=]

0;"= (& +s’-s) s

and the factor price eladticities by
Gij=0iS.

2) Morishima elagticities of substitution™ :
A M
=Gij- G-

The Morishima eadticity measures the percentage change in the ratio of input j to input i, when the
price of input i changes.

Eladticities of subgtitution and cross dadticities of demand are postive for subsntutes and negative
for complements. Note that Allen partia dasticities of substitution measured by 9 ;* are one price-
one factor dadticities of subgtitution. They are symmetric. It is a derived demand dadticity divided by
acos share. The price dadticities of factor demand given by € ; are not symmetric.

The Morishima dadticity measures relaive input adjustment (or response of input ratios) to single

2 For aformal proof of these formulas see Binswanger , 1974.
3 See Kang and Brown, 1981, Thomson and Taylor,1995, for a discussion of the properties of the Morishima
elasticities of substitution.
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factor price changes. This is in contrast to 0;;* which measures how a single input adjusts to
changesin asngle input price. Morishima eadticities are not symmetric and they messure the ease
of subgtitution between two inputs. When two inputs are Allen subgtitutes they are dso Morishima
subdtitutes.
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Results

Estimation procedure

Our modding drategy was to estimate firgt a full modd, including three factors labour, energy and
materids (materids being a sum of imported and domestic waste paper). A digtinction between
domestic and imported waste paper is not made and the concept of materials is thus used to
caculate the e adticities between waste paper, energy and labour.

The share equations to be estimated are given in the earlier section (7, 8, 9). There are three share
equations pertaining to three factors of production, viz. labour, materials and energy in the case of
the first modd . For the estimations we chose to drop the share equation corresponding to energy.

As the sum of three factor shares sum to unity a non zero contemporaneous covariance between the
disturbances of the two share equations can be expected. Due to the presence of contemporaneous
corrdaion Ordinary Least Squares (OLS) estimators are not efficient. This is solved by estimating
the two equations as a system of Seemingly Unrelated Regresson Equations (SURE). Efficiency
then is assured by using the iterative SURE method to estimate the two equations.**

In brief the iterative SURE method involves the following steps. Initidly each of the equations is
edimated usng OLS. From these estimates the residuas are calculated and the covariance matrix
of the resdudsis estimated. The coefficients arrived a the initid stage are then revised to take into
account the covariance between the residuals. The resduds are recalculated and the same
procedure is repested till convergence is achieved.

This iterative SURE method yidds estimates which converge to maximum likelihood parameter
esimates. An important property of these edtimates is that the parameters are unique and
independent of the share equation that is dropped. In other words the estimation method yields the
same estimates of parameters irrespective of the equation dropped.

M aterials sub-model

Since the firmsin our sample predominantly use two types of raw materias (and not one materia M)
namdy imported waste paper (M) and locd waste paper (Mp) and as the question of
subgtitutability between imported and domestic waste paper is of intrindc interest to the present
study we a0 estimate amaterid sub modd. Such amodd can be estimated, assuming that materia
inputs adjugt to their optima cost minimising leve, keeping the totad materid output and non materia
inputs constant. This alows the cross e adticities between imported and domestic waste paper to be
caculated. A weekly separable variable cost function corresponding to this can then be written as:

C =Yg [P, Pv (Pwm, Pwp, K), Pe, K] (10)

where Ry and Rvp are prices of imported and domestic waste paper respectively and where it is

! For adetailed discussion of this procedure see Johnston , 1984, pp 330-342.
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assumed that (quas) fixed capitd influences the subgtitution between imported and domestic waste.
Since Pv isthe price per unit of materid input, it is aso the cost per unit to the cost minimizing firm.
We can edimate a trandog materid price function which results in the following two materid share
equations.

S=a+3a,InPw+apInPwp + &k InK (12)

S =8p+8ap NPy + app InPyp + apk INK, (12
if thefollowing restrictions are imposed:

& +ap=1, &;+ap=0,8p+ap =0, 8K +apc = 0.

The eadticities of subgtitution and factor price eladticities can be caculated from the parameters as
described for the earlier modd.

In the materials sub model we have two share equations pertaining to share of imported waste paper
and domestic waste paper. The regtrictions imposed imply that we need to drop one equation and
the parameters of the other share equation can easily be retrieved from the parameters of the
estimated equation. We choose to drop the share equation pertaining to share of domestic waste
paper. As only one equation needs to be estimated we use OLS method to estimate the materiads
sub model. The Allen partid substitution eadticities and own demand and cross price dadticities are
then caculated using the formulas given in the previous section.

Results

The results of the regression pertaining to the mode with three inputs are reported in table 4 below.

Note that the estimated share equations satisfy the regularity condition, ie, the predicted vaues of the
factor shares are in al cases positive. The R's are not very high. The coefficients of the price
vaiables are dl ggnificant a the 5 per cent level except the coefficient of price of labour in the
labour share equation. For brevity we have not reported the coefficient of capitd. It is Sgnificant in
both equations. The model was aso estimated using 67 observations (i.e. including those firms who
only use domestic waste paper and the one that uses only imported waste paper). The results of this
exercise are Smilar to those obtained when only 40 observations are used but are not reported here.
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Table 4 Estimates of the Coefficients of the Restricted Translog Cost Function and T Ratios

Dependent Constant Priceof Priceof Price of R?
Variable Labour Material Energy’
S
Share of labour -0.047 0.022 -0.032 -0.01 0.17
(-0.467) (1.487) (1.846)
Share of materias 1.891 -0.032 0.061 -0.029 0.44
(7.435) (-2.077) (2.561)
Share of energy* -0.844 -0.01 0.029 0.019

1. Implied estimates computed using homogeneity constraint.

Tables 5, 6 and 7 present the Allen Partial and Morishima dadticities of subgtitution and own factor
demand and cross demand eadticities. They are caculated at the means of the actud factor shares.

It should be noted that the edtimated dadticities are vdid only for the levels of the fixed factor
(capital in our case) a which they are evduated. From the tables below it is clear that dl factors are
subdtitutes with respect to each other. The eadticities of subgtitution are rather smdl. All own
eladticities of factor demand have the correct sign and none of them are close to one. The own
eadticity of materids is the lowest. The respongveness of dl the three inputs to their own prices is
aurprisngly low. Demand for dl the three inputs are price-ingadtic.

We have not reported the standard errors of the computed eadticities. The primary reason for thisis
that the conventional method of cdculating the standard errors has been severely criticized in the
literature. The conventional method of estimating the standard errors is bascdly an gpproximation
and little is known about the properties of this gpproximation in small samples. Thus, in sudies
which use small samples, like our own, it is advisable not to use the standard errors calculated on the
basis of an approximation, to test for the Satistica sgnificance of the various eadticities computed.

Table 5 Estimates of Allen Partial Elasticities of Substitution®

Labour  Materials  Energy

Labour -0.271 0.291 0.277
Materials -0.293 0.823
Energy -2.616
1: The elasticities of substitution are symmetric. The own elasticity of substitution has little economic

meaning.
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Table6 Estimates of Morishima Elasticities of Substitution®

L abour Materials Energy
Labour - 0412 0.617
Materids 0.618 - 0.787
Energy 0.662 0.788 -

1. The Morishima elagticities of subgtitution are not symmetric.

Table 7 1Factor Demand and Cross Elasticities implied in the Estimated Translog Cost
Function

L abour Materials Energy
L abour -0.599 0.205 0.063
Materids 0.018 -0.207 0.188
Energy 0.017 0.581 -0.599

Each element in the table is the elasticity of demand for the input in the row with respect to a
price change of the input in the column.

Let us now turn to the materids sub-mode. The regression results are presented in table 8. As
before we do not report the coefficient of capitd. In this caseit isnot significant, and our results are
much wesker than previoudy, while the coefficient of the price of imported waste paper is Sgnificant
only at the 10 per cent level. Again the regularity conditions are stisfied and none of the predicted
shares are negdtive. The imglied cross eadiicity of subgtitution is 0.157 suggesting that the two
inputs are (wesk) substitutes™. The implied own dasticities of demand of imported and domestic
waste paper are negative but at -0.075 and -0.082 respectively have extremely low vaues.

Table 8 Estimates of the Coefficients of the Translog Cost Function in the Materials Sub-
model and T Ratios

Dependent Variable Constant  Priceof Imported  Price of Domestic R?
Waste Paper Waste Paper

Share of Imported -0.250 0.208 -0.208 0.12

Waste Paper (-0.523) (1.802)

Share of Domestic 1.250 -0.208 0.208

Waste Paper’

1. Implied estimates computed using homogeneity constraint

' These are called gross elasticities in the literature. We also estimated the net price elasticities, which allows
all inputs to adjust to new cost minimizing levels. They are found to be higher than the gross price elasticities
but still low at -0.33.
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Conclusions

Indudtries differ with respect to technological changes, resource congtraints and input subgtitution
possihilities.  We have, in this paper attempted to shed some light on the input subgtitution
possibilities in a segment of the Indian paper industry. We have focused on firms which use waste
paper as the primary materid input. We have used the cost function gpproach to arrive a estimates
of the eladticities of subdtitution and price eadticities of demand.

The signs of the egtimates of the subdtitution and cross price eadticities suggest that there exidts a
subdtitution relationship between the three inputs namely, labour, materids and energy. The

numerical vaues of these estimates are found to be rather low. This suggests that subgtitution
possibilities between the three specified inputs, are limited. The same concluson holds for the

subgtitution between imported and domestic waste paper, given the total materid cost. In addition,

the derived demand dadticities indicate that input usages are relaively unrespongve to changesin the
relative prices of inputs.

The low vaues of the dadticities sgnify that, given the level of capitd stock, the flexibility of the
production structure to respond to relative price changes is very redricted. We have dready
documented that the Indian paper industry is saddled with obsolete capitd equipment.
Consequently, the limited ability of the firms in the paper indugtry to adjust in the short run to
unpredictable changes in the rdaive prices of inputs through subgtitution is likely to result in high
adjustment costs. The implications of our findings related to the waste paper recycling industry and
the environmenta impacts are dedt with in a separate paper.
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