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INTER-INDUSTRY LINKAGES AND SPATIAL ASSOCIATION
A CASE STUDY OF BASIC FERROUS METALLURGY

SHABNAM BHATARA, Patiala.

ABSTRACT : Interindustry linkages are known to cause agglomeration of
industries. The present study, addressed to the linkages of basic ferrous
metallurgy in the economies of Bihar and Punjab, reveals that the closely—
linked sectors are spatially more clustered with the core sector than the
loosely~Jinked sectors. Secondly, the backward linkages of the industry seem
to be distance—elastic resulting in little spatial association of ferrous metal-
lurgy with input-supplying sectors whereas forward linkages effect closer
spatial association of the core sector with metal consuming industries,

Sectoral interdependence is today an
essential feature of the economic landscape.
Changes in technology have made possible
the division of the production processes into
distinct stages, often associated with separate
production units at different places. This,
coupled with increasing emphasis on spe-
cialization, has resulted in a complex pattern
of interdependence between various sectors
of the economy and between industries, as
mapnifested in multipronged commodity
flows or interindustry linkages. An industry
is linked to other sectors directly through
forward (output) and backward (input)
linkages, as also indirectly through its de-
pendence upon a common pool of services
and goods. A four-way classification of
industrial linkages is often effected in geo-
graphic literature distinguishing vertical,
horizontal or lateral, diagonal and multiple
linkages.

Economies of agglomeration are often
associated with industrial inkages and these
make close spatial association of related
activities not only mutually beneficial

but even imperative attimes. Richter
(1969 ) has established that industrial
linkages have an agglomerative effect
and geographic association is more marked
between linked rather than non-linked
sectors. Norcliffe and Kotseff (1980)
in their analysis of industrial complexes of
Ontario also support the view.

The present study purports to trace the
direct forward and backward linkages of
basic ferrous metallurgy and then examine
if this industry is spatially juxtaposed with
linked sectors. It will also be interes-
ting to know if the strength of linkages
can help explain the pattern of geogra-
phical association between industries. The
task istwo-fold a) to measure the strength
of linkages b) to determine if the strongly
linked activities are spatially more concent-
rated as compared to those with which
basic ferrous metallurgy has weaker
linkages.

In order to determine the direction and
strength of linkages, the input-output tables
for Bihar (Ghosh, 1969) and Punjab (Bhalla,
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1975 ) have been used.

Aggregation of flows was carried out
with respect to certain sectors for purposes
of comparison. The total dependence of
the sector under study through forward
linkages has been measured by :

n
. :l Xi'
w. =371
J X.
1
which is the ratio of intermediate

demand to total output, For measuring the
total forward depenence within the state,
w;* values were obtained which represent the
ratio of intermediate demand of the i pro-
duct met from within the state to total out-
put. The ratio of purchased inputs to total
output has been used as a measure of total
dependence through backward linkages.
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For measuring the total backward linkage
within the state Ui values have been obtain-
ed as the ratio of inputs purchased
within the state to total output, The strength
of forward linkage with individual sectors

has been measured by :
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which is the flow from the ith sector to
the jth sector as a propotion of the total
intermediate demand of the ith commodity.
Backward linkage of the industry with other
sectors individually has been mesured by :

which is the ratio of input obtained from
the ith sector to total inputs used by the jth
sector. An effort has becn made to measure
the backward linkage with an industry within
the state, by dividing the flow of goods
from the ith sector to the jth (xij) in the
same ratio as exists between the output of
of the ith industry in the state and
additional imports of the ith good required
to meet the state’s total demand for that
good., The assumption in  that if
commodity i , which is an input of the ith
sector, is produced in sufficient quantity
within the state and is not imported, the
backward linkage of the ith industry to
the ith industry would not reach out of the
state. But if part of the demand for the
good is being met through imports, then
the ith sector will procure the ith good both
from within the state and outside it, the
proportions being in the same ratio as
exists between the state output and the
total amount imported of the ith good.
The xij’s have been broken into indigenous
and import components on this basis and
the ui * values, based on indigenous
flows, represent the backward linkages
within the state.

To measure geographical association
of the linked sectors with basic ferrous
metallurgy, correlation coeflicients have
been calculated on the basis of employment
data for different sectors in the towns of
Bihar and Punjab.

The present study has been carried out
under one constraint --the ioput- output
table for Punjab makes no distinction
between ferrous and non-ferrous metallurgy,
It is apparent that the linkages of the two
types of metallurgy would differ. But in
Punjab, only 4 out of the 210 registered
metallurgy units in 1975-76 handle non-
ferrous metals. Therefore it would be in
the fitness of things to treat basic
metallurgy of the state as basic ferrous
metallurgy. All analysis has been carried
out on this assumption.
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Basic
Linkages

Basic ferrons metallurgy includes the
refining of fron from ore, steel making,
rerolling, casting and forging, wire drawing
and tube-making. Through its backward
linkages it is related to mining sector,
especially iron ore, coal, limestone and

Ferrous Metallargy and its

dolomite mining, forestry, coke ovens and
power sources, while its forward linkages
link it to the entire gamut of engineering
industries and construction sector. The
various sub-sectors within  metallurgy,
specialize in particular products and are
linked to one another through the move.
ment of steel (Fig. 1),

LINKAGES OF BASIC FERROUS METTALLURGY
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The diagram gives a generalized picture
of the linkages within and outside the
industry as obtained from the observation
of flows in the input--output table for the
Indian economy (Saluja, 1968 ). This
pattern results in an economy wherein takes
place the primary production of metal from
ore; in an economy like Punjab’s, where
primary production is missing, the cycle is
troncated in that most of the backward
linkages are missing.
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Table I
Interdependence of Basic Ferrous
Metallurgy
Region w W U U#
India L1 - 046 -
Bihar 0.34 034 (.49 0.37
Punjab 1.34 0.38 0.30 0.23

The U values in Table I reveal the over all
dependence of the industry on other sectors
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of the economy through a sum of backward
linkages, The industry in India utilizes
0.46 unit of raw material per unit of output.
Of this, 739, is accounted by steel itself,
Therefore the actual backward linkage with
other sectors does not remain very strong.
The corresponding value for Bihar is higher
as the state’s primary steel industry is well-
d=veloped and the lower U value for Punjab
is explained by the fact that Punjab’s
metallurgy is basically rerolling and casting
and uses lesser raw material by comparison.
U~ values based on indigenous production
of inputs are lower. These point to weak
backward dependence within the states so
the absence of raw-material orientation in
the pattern of distribution of ferrous metall-
urgy would not be unexpected,

While the U values give overall depend-
ence throngh backward linkages, uij values
( Tables 1I ) measvre the strength of linkages
with individual sectors. Most of these
values are exceedingly low in both states.
In the Punjab economy, relatively stronger
linkagzs are found with respect to electricity
and chemical industry while in Bihar the
stronger linkages are with coal sector, non.

electrical equipment industry, iron ore
mining, wood products industry and
forestry.

The industry’s total forward dependence,
expressed by W values ( Table 1) is generally
high as steel is a commodity mainly of
intermediate use. A high W value is also
indicative of a well-developed engineering
sector as in case of Pupjab. However, as
indigenous production in this state accounts
for 59.25% of the steel in use, the real
forward dependence is lower (W* 0.80)
In case of Bihar, the W values are low
indicating that the state’s engineering sector

is consuming only a small proporation of -

the state steel output,

Wi;; values in Table II give the forward
linkages with other sectors. Understandably,
the strongest linkages in both economies are
with engineering sectors. In Punjab,
relatively stronger linkages are with nno-

electrical equipment industry, metal products
industry, electrical equipment industry,
wood-products and construction sectors
while weaker linkages relate to seven
other sectors. In Bihar too, three engineer-
ing sectors, construction and electricity
sectors are strongly linked while weaker
linkages exist with seven other sectors. The
relative strength of these linkages is not
the same in both economies. Nevertheless,
forward dependence, high in general,
especially the linkages with engineering
industries, electricity and construction,
could probably lead to spatial association
of the industry with thesse sectors.
Liskages and Geographic Association
Benefits from close juxta-positioning in
space of related economic activities being
numerous, it is generally opined that geo-
graphical consentration of interrelated
activities would occur. Therefore industries
strongly linked to metallurgy should be
areally concentrated with it. The foregoing
analysis establishes the direction and stren-
gth of linkages of ferrous metallurgy in the
two states. In Punjab, the industry is relat-
ively closely related to chemical industry,
and the electricity sector  through
backward linkages and to non-electrical
equipment, metal products  industry,
transport equipment industry and electrical
equipment industry (in this order) through
forward linkages. Correlation coefficients
when cross-tabulated with linkages reveal
that the industry is not strongly associated
over space with any of these linked scctors.
Lack of geographical association with
chemicals and electricity is explained by the
fact that chemicals which form the raw
material for metallurgy are largely imported
by the state while electricity is ubiqutous.
The relatively weaker association with the
four engineering sectors can be accounted
by two factors; firstly, steel, the chief input
isimported and is available at a flat rate
throughout the state and secondly, the
distances in the state being small, the cost
of transfer of rerolled products and castings
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is so low as to have little influence over
the distribution of either ferrous metallurgy
or the engineering industries.

In Bibar, ferrous metallurgy is found
strongly linked to mining and coke sectors
through backward linkages and to the
engineering industries tnrough forward
linkages. However, with the former set, it
shows spatial disassociation or indifferent
association while with the latter set of
industries, there exists strong positive
correlation, indicating greater geographical
association, Strong forward linkages are
matched by high correiation coefficients and
weaker ones by lower correlation coefficients
with only one exception oi the non-electri-
cal equipment indusiry, which despite a
strong forward linkage, i5s ot spaiiaily
clustered with ferrous metailurgy.
Conciusion

While linkages are known to have an

agglomerative effect on economic activity,
this study reveals that strength and direction
of industrial linkages separatcly influence
the spatial association. In both states, with
one  exception, stronger linkages are
matehed by higher correlation coeffici-ents
whereas the weakly linked . aciivitizs
show lesser association with metallurgy
over space. The value of linkages and
correlation coefficients do not however
vary in the same proportion. Secondly, the
direction of linkage is of importance as
sectors linked through forward linkages are
spatially clustered with metallurgy while
backward linkages do not seem to have any
such agglomeation effect. Any explanation
of distribution of industrial activity there-
fore must take proper cognizance of the
precise nature of the inter-industry linkages
that exist between the activities,
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