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ABSTRACT

The orthodox measure of total factor intensity developed by Leontief assumes that all
intermediate inputs are produced domestically. When some of the intermediate inputs
are imported, Reidel (1975) has suggested a method of calculating total factor intensity
which takes into account the factor requirements in producing goods which are exchanged
for imported inputs. Using these two alternative methods, this paper obtains estimates
of factor intensity for different producing sectors in India. The exercise carried outin this
paper has shown that the importation of intermediate inputs as prevailed in the year
1979-80 in the Indian economy results in a net saving of capital and a net additional cost of
labour.

INTRODUCTION

The orthodox measure of total factor intensity of a product as developed by
Leontief indicates the factor intensity at the last stage of production of the
commodity and of all the previous stages in the full circuit of the production
process of the commodity. While doing so no distinction is made between
the imported nput and the domestic inputs as regards the direct factor
requirement calculation for the inputs. As a result the applicability of the
total factor intensity so computed is required to be dependent on the validity
of the implicit assumption that in respect of direct factor intensity imported
intermediate inputs are equivalent to domestic inputs. Viewing this assump-
tion as somewhat unrealistic, it has been suggested that if some of the inter-
mediate goods are imported, the calculation of total factor intensity should
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take into account the factor requirements in producing the goods, which
exchange for imported inputs, not the factor requirements which are required
for imported inputs directly.

Based on the above notion of the total factor intensity, originally intro-
duced by Riedel (1975), we have made an attempt in this paper for obtaining
alternative estimates of factor intensity for different producing sectors in
India. A comparison of the two sets of results obtained from the Orthodox
measure and the measure being discussed now reveals the net factor cost or
saving derived from the utilisation of the imported rather than domestically
supplied intermediate goods. In section 2 of this paper the procedure for
obtaining the alternative measures of factor intensity just referred to and
also that for obtaining the net factor cost or saving from the utilisation of
imported inputs are discussed. In Section 3, alternative estimates of factor
intensities for the various sectors of Indian economy with a 14 sector break-
down have been obtained. The estimates of total labour intensities and
total capital intensities so obtained for 14 sectors of India have been viewed
as the factor intensities of the sectors in the existing structure of production
when it is assumed that there is a zero trade balance and factor requirements
for all direct and indirect imported input equivalents are reflected in the factor
intensities of the production of required foreign exchange (export) for the
imported inputs. It is interesting to observe that the estimates of net factor
cost (saving) obtained for the different sectors in India based on the conditions
prevailing in the year 1979-80 suggests that the pattern of intermediate
imports embedded in the 1979-80 production structure generates an overall
excess cost of labour and a net saving of capital compared to a production
structure when all intermediate imports are supplied domestically. India
being a LDC with abundance of labour and scarce capital, the above finding
probably makes a strong case in favour of the present pattern of partial
dependence on intermediate imports as opposed to complete self-reliance.

Section 2

Leontief measured the total (direct and indirect) labour and capital
required to produce 1 Unit of commodity j by L; = £ L; a;;, K; = Z Ky a;;
where /; and K, are the direct labour output and capital output ratios res-
pectively, at the ith stage of production and «;; are the elements of the inverted
Leontief matrix (I = A)~*. When 4 =(aij), aij = % , and X;;=X;;(d)
+ X;; (m). X;; (d) = value of domestic flow of ith sector input for
the production of jth sector. X;; (m) = flow of imported ith sector input
for the production of j th sector output. When the above Leontief measure
of factor intensity is applied it implicity amounts to assume that X;; (m) =
0 for all 4,j. As in reality it is possible that X;;(m) assumes significantly
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positive values for many combinations of 7 and j and as the pattern of factor
requirements taking place abroad to produce imported inputs are unknown
and even if known cannot be clubbed with the factor requirement for the
domestic production components for obvious reasons, factor requirement
calculation for the imported input component may be done as originally

suggested by Riedel (1975) and applied for the Taiwan economy in the way
as follows :

The total factor requirement for one unit of a product may be considered
as the weighted sum of

(1) per unit Direct and Indirect requirement of labour and capital in
producing domestic inputs and in the last stage of production.

(2) The labour and capital requirement to produce the direct and indirect
input requirement to make available the export basket required to earn the

foreign exchange with which to purchase the imported inputs required per
unit of net output of the commodity.

The labour and capital required to produce one unit of exports is the
average labour and capital requirements per unit output in each sector of the
economy weighted by the distribution of the export basket for various
sectors. If we have an Input-Output co-efficient matrix which reflects only

the domestic supply of inputs per unit of output, then we may write the
following :

Ly =Z(Zhay(d) e =X I ¢, = labour required to produce the
;o4 direct and indirect input to produce
one unit of export

and

Ky =% (Zk,; a;(d) . ¢y = Zk; ¢; = capital required to produce the
7 direct and indirect input to produce
one unit of export

where «;;(d) are the elements of the Leontief Inverse (I—Ap), 4, =

E
(a;(d)). Domestic Input-Output Matrix ¢, = —ér share of the jth sector

in the export basket, E; = value of export in the j th sector, E=aggregate

value of the export basket. Again, it is possible that imported inputs are

required to produce export goods let M; = Z m;, the total direct per unit
J

imported intermediate input requirement for one unit of output of jthsector

then M/X = Z; a;; (d)is the total (direct plus indirect) import requirement

per unit of the net output of a commodity j. So we may write, the direct

and indirect import requirement per unit of export as M¥=2X (Z M; a;(d)),
i
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ej = X M7 e; Then production of one unit of export requires L7, units
of labour and K3 units of capital in the processing of direct and indirect
inputs and the final stage of production and we need L}. M* and K}. M*
amounts of labour and capital to produce additional exports to exchange
for the import which were employed in the original production of one unit
of exports. Further, it is to be recognised that the additional exports in the
first round require imported inputs again. Each round of additional exports,
likewise, require imported inputs and consequently more exports and hence
the employment of still more labour and capital and so on.

Hence, the aggregates of labour and capital requirement in all the rounds
together in the production of one unit Foreign exchange are respectively,

Ly
= D

Ly + Ly . Me+ LY (M +L% (M. +LF (M¥y =
and

Kb
K, + K}, . M*+K7 (M*2+ K} (M7)3+...+ K5 (M¥)y= =i 0))
since0 S M*=< 1
Thus, we obtain two components of total factor cost in an open economy.

(1) Labour and capital cost to produce the direct and indirect domestic

J

L*=3%1; a;j(d)— — (14) : Labour Cost.
J

and

K; = 2 Ki ayj(d)— — (1B) : Capital Cost.
J

(2) Labour and Capital cost involved in the production of additional
export in all the rounds together to generate the foreign exchange
for purchasing the imported inputs required directly and indirectly
in the production of commodity j

X

L,
x =
M; (I—W) = Labour Cost (24)

Ky

X — H z
M; ( T ) Capital cost (2B)
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TABLE 1
ESTIMATES OF FACTOR INTENSITIES

t Labour  Direct and Indirect Labour Direct 'Capital Direct and Indirect Capital — Sectoral Sectoi

rement Requirement per million of Requirement per  Requirement for the domestic Share of Share
illion Rs.  Rs. of output for the dom- Million Rs. of input only total total
tput estic input only output for the exports  outpi
domestic  input ej o
LY = SLiay; @ W K* = 3 K ai(d)

an years) i oy K; (Million Rupees) Y o

(Man years) (Million Rupees)
3) @ o) (6) o @
170.0 208.2 3.61 5.11 .0812 .0z
70.0 185.4 0.97 1.94 .0190 .0C
70.0 190.8 8.83 9.80 .0002 .0(
34.0 66.8 4.83 7.97 .203 .01
34.0 109.8 4.29 8.99 .6843 .33
60.0 126.6 0.20 4.6l 0 .08
18.0 57.9 26.00 36.49 0 .02
82.0 120.3 6.16 9.16 .0148 .0
89.0 131.7 8.27 11.09 .0199 .0
91.0 100.0 6.41 71.8 0 .0
65.0 120.5 1.20 6.72 .0888 at
31.0 67.9 0.05 1.82 .0014 .0
0.0 24.5 5.46 6.37 0 .0
69.0 156.0 1.30 5.19 0772
a;; (d) = (i, jth element of (/ — Ap)~! Ap — Domestic Input Coeff. Matrix, M

K



TABLE 1
"OR INTENSITIES AND NET FACTOR COST (SAVING)

Existing Structure of Production
! Seclara( Sectoral 1% e K* e Total labour requirement Total capital requiremenl' To
¢ Shareof Share of jd At under existing structure under existing structure of lab
total total of production per Million  production per Million Rs. ass
exports oltput Rs. of output of output du
ej Qj L K7, “’1';
.Lj?‘ = L;t(d)-l— M}c 1= j* =K}¢(x) +Mf. v
(Man years) (Million Rupees)
o ®  ® @  a a
0812 02315 1619 4149 ao  1s
.0190 .0075 3.1518  .0329 186.53 2.69
.0002 .0050 .0381 .00196 191.05 10.51
.203 .0110 1.3519 1617 68.77 9.42
.6843 .3326 75.13 6.15 124.73 18.98
0 .0891 0 0 134.39 9.81
0 .0203 0 0 . 60.7 38.36
.0148 .0106 1.7804  .1420 123.45 11.27
.0199 .0419 2.6208  .2206 144.06 19.35
0 _.0046 0 0 100.86 7.75
.0888 .1077 10.70 .5967 129.48 13.02
.0014 .0176 .0950  .0025 97.33 2.83
0 .0193 0 0 25.97 7.35
.0772 .1076 11.10 .3695 162.25 9.36

Coeff. Matrix, M¥ = ¥ (T m; a;; ) e; L= 2 (Z Lia;; (d)e; = IE L¥e;
joi

Ky =2 & L a)e; = T Ke;
i 7



f Production Assumed Seructure of Production

Resource Cost (Saving) from
utilisationo f importde inputs
per million Rupees ofoutput

il requirement Total Direct and Indirect Total (Direct plus Indirect)
g structure of labour requirement under Capital requirement under
sr Million Rs. assumed structure of pro- assumed structure of pro-
duction when all interme- duction when all interme-

K‘l') diate inputs are supplied diate inputs are supplied

Net  labour
Cost (Saving)

Net  Capital
Cost (Saving)

domestically domestically Ly —L; KF — K;
H'Mf' I—M~ Li= X% Lia; Ki=2K; a,; Man years)  (Million Rs)
'on Rupees) (Man years) (Million Rupees)
» .  a @ a9
;8__‘—_‘—&_—- _ZHB———-——_— 5.34 + .9 +2.24
69 188.2 2.03 — 1.67 + .66
.51 191.2 9.84 — .15 + .67
42 68.0 8.03 + .77 +1.39
98 168.0 11.24 —43.27 +7.74
.81 127.0 5.00 + 7.39 +4.81
.36 60.0 36.71 + .7 -4-1.65
.27 124.0 9.49 — .55 —1.78
.35 147.0 12.2 — 2.94 +7.15
75 100.3 7.19 + .53 + .56
.02 97.5 3.59 +32.43 +9.43
.83 67.5 1.93 +29.73 + .90
.35 16.3 6.11 -+ 9.67 --1.24
9.36 219.3 11.94 —57.05 —2.58
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Hence total factor intensity now equals —

Lp

LY =L} + M7 ('1———M—x ) : Labour intensity (34)
K,

Kr =k + M} (T:W) : Capital intensity (3B)

The second component of the total factor cost as indicated above suggests
that the factor intensity o a given production activity in an open economy
is dependent not only upon technology of domestic production but also
upon the structure of foreign trade. As suggested by Hechsher-Ohlin
theorem, labour abundant L.D.Cs’ composition of foreign trade tends to be
such that 1 unit of export requires relatively more labour than that of import
substituting good and 1 unit of import substituting goods requires relatively
more capital than that of export.

Estimates of factor intensity in the production activity of various commo-
dities by the above method when compared with those based on the orthodox
measure of total factor intensity, as developed by Leontief reveals the net
factor cost or saving derived from the utilisation of imported rather than
domestically supplied intermediate goods. So if we find that L; < L; and
K;>Kj, it will mean that importation of intermediate inputs (i.e. the implicit
substitution of exports for otherwise domestically supplied inputs) results in
the lessening of overall capital requirement in the economy, but entails a
greater demand for labour than would be the case if all intermediate inputs
were supplied domestically. The total factor intensity of production in an
open economy when estimated in the way just mentioned is likely to be
sensitive to any change in the composition of exports.

Section 3

Data Base of the Exercise

The Sixth plan Technical Note (henceforth SPTN) published by PPD,
Planning Commission, Govt. of India, besides containing two 89 X 89
transaction flow matrices one for 1979-80 and the other for 1984-85, contains
two 14 x 14 tables condensed from the 89 X 89 tables for the same two
years. Each cell of the matrices contain domestic flows of (x;;(D)) and
imported inputs (x,;(m) ) clubbed together. However SPTN provides two
additional 14 X 14 matrices which reflect transaction of imported inputs
(x;5(m) ) only. So, we obtain X;(T) — X;;(M) = x,;(d) for all the cells.
In the above fashion we obtained the 14 X 14 (X;; (d) ) matrix for 1979-80.
As the 14 Sector output vector for 1979-80, is also provided in the SPTN,
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we could easily obtain 4,, matrix by computing X, £-!, where Y, is the

(X;/(d)) matrix and )A( is a diagonal matrix with output as the diagonal elements.
Now, from the Import transaction matrix itself, we could obtain the direct
total imported input coefficients for all of our 14 sectors by just adding the
elements of each column and dividing by the corresponding output levels.
SPTN provides informations in respect of sectoral employment and output
levels for the years 1979-80 in million standard person years and Rs Million
respectively. These have been used to compute the labour requirements per
million Rs output (direct labour intensities). Table 6.2 of SPTN provides
incremental employment capital ratios for the same sectors. Assuming

average and marginal employment capital ratios being same and using the

identity %(——= -02! . % , where K=capital, 0= output and N = employment,

we have obtained the capital requirements Rupees Million per Rs Million
of output.

Section 4

Results

The table 1 presents the main empirical results of the exercise. The
column 1 shows the direct total import requirement of each sector. The
supply of direct import from various sectors to each sector have been clubbed
and are shown in column 1. The sectors ‘Manufacture’ and ‘other Trans-
port’ are found to have the highest import contents. For Manufacture it is
as high as 7.45 percent. The sector ‘other Transport’ follows with 6.24
percent import content. Column 2 presents import requirement for the
direct and indirect domestic input for each sector. Again we see that the
same two sectors Manufacture and ‘other Transport’ emerge as the two most
import dependant sectors. Column 3 and column 5 depicts the direct labour
and capital requirement respectively for the domestic input of each sector.
The leading labour intensive sectors are ‘Agriculture’ and ‘Allied Sectors’.
The most capital intensive sector is the sector ‘Power’. Column 4 and 6
reflect the direct and indirect labour requirement and capital requirement
respectively for each sector for domestic inputs only. Power emerges as the
most capital intensive sectors again. The column 9 and 10 show the total
labour and capital requirement in each sector for the direct and indirect
domestic input to produce average 1 unit of .export.

The columns 11 and 12 depict the total labour and capital requirement
under existing structure of production when the pattern of intermediate
importation prevailing in 1979-80 exists and the factor requirement for the
export basket to earn the foreign exchange to pay for imported inputs is
taken into account along with factor requirement for the direct and indirect
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domestic input for the calculation of total factor intensity. In the columns
13 and 14 the total direct and indirect labour requirements and the total
direct and indirect capital requirements respectively are shown when the
structure of production is assumed to be based on zero intermediate imported
input. The usual measure of total factor intensity is generally based on
this latter notion of factor requirement.

Now, we may compare the result shown in column 11 with those of
column 13 and the results in column 12 with those of column 14. These
comparisons reveal the net resource cost (saving) from utilisation of imported
inputs. As all our results contain essentially implication of the interde-
pendence of various sectors in the economy, there is not much sense in trying
to obtain any inference from the magnitude and sign of the net labour cost
or saving for any sector in isolation. However, the average computed from
the net factor costs (saving) shown sectorwise in columns 15 and 16 weighted
by the distribution of gross output over all the sectors in the economy
suggests that the utilisation of imported inputs in the Indian economy on the
average entailed a net saving of Rs. 4.5029 million of capital and an addi-
tional cost of labour and 25 man-years per million Rs. output. On the
average the trade-off of 1979 export basket containing some primary commo-
dities and some manufactured goods for imports of intermediate inputs
resulted in a net saving of capital and an excess cost of labour in the economy.
In the sector ‘Manufacture’ due to importation of intermediate inputs 43.27
man-years of additional labour and capital saving of Rs. 7.24 million took
place per million Rs output. On the other hand in the sector ‘Trade and
Services’ due to importation of intermediate inputs, saving both in capital
and labour took place. Already it has been mentioned that the alternative
measure of factor intensity in the existing structure of production used here
for the open economy is highly sensitive to the structure of exports. So, the
guideline obtained from the exercise for determining whether to keep on
depending intermediate import may have limited applicability when the
prevailing export pattern is not the optimal export pattern from the compara-
tive advantage considerations. In such cases, the optimal solution may not
be just (or at all) the substitution of domest:c inputs for imports or viceversa
(though it might result in an improvement) but rather a restructuring of
exports towards more labour intensive commodities. The usefulness of the
results obtained seem to have further limitation as in the exercise ‘Manu-
facture’ is a highly aggregated sector. To have more useful results it is
necessary that in some of the sectors particularly in ‘Manufacturing’, the
commodities which have substantial direct import content be treated as
separate sectors in the calculation of net resource cost (Saving).

The entire quantity of imported inputs is assumed competitive and thi.s
is no doubt a drastic simplification. If sizable imported input 1s
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noncompetitive and if input substitution is ruled out, we cannot think of
" any structure of production when all inputs are supplied domestically.

Finally, while interpreting the results we must keep in mind that in the
presence of distorted domestic market, the calculation of trade-off between
use of domestic inputs and imported inputs requires to be based on some
sort of shadow prices for valuation of inputs and outputs.
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