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CHAPTER 1 

INTRODUCTION 



Introduction 

(I) Economics 1s an evolving science, it must solve 

emerging puzzles and grapple with current dilemmas of 

public policy. For the planners of the Indian economy 

Lhe recurring headache has been scarcity of capital 

resouces, lack of sufficient energy generating capacity, 

huge budgetary deficts and deficts in the balance of 

trade. The objective of our whole study is to figure 

out the optimal export/product mix in the Indian 

economy when one tries to minimise capital formation 

requirement /energy use in reaching a target of 

balanced trade in a situation of limited (but 

increasing) export potential and given final domestic 

demand. In carrying out this exercise we would rather 

be right than exciting. Moreover we will try to be 

clear. Nietzsche once complained about the c~offensivc 

simplicity of the styleif of the nineteenth century 

economist J. s. Mill. We would love to be indicted for 

Lhat offence. 

Before com1ng to the main thread of our argument 

let us spell out why have we taken up these issues in 

the Indian context. The first exercise of investment 

minimisation under foreign exchange and final demand 

constraint is really very important given that we are 

simultaneously facing 

a) A re§ou~eprobl~m domestically and -

b) A foreign exchange problem, 



while political situation 

reduction 1n final-demand. 

would not permit any 

Let us discuss these 

problems in a little more detail. 

(II) CAPITAL FORMATION IN INDIA. 

Capital formation or investment has been treated 

as one of the most crucial factors in economic growth. 

In the Indian context a careful analysis of data 

on domestic capital formation, despite its non-

comparability over the years, clearly suggests that 

during the three and half decades of economic planning 

the rate of domestic capital formation (investment) has 

risen considerably. Let us have a brief look at this 

rise. 

In the first year of the First Plan the rate of 

investement was as low as 10% per annum. During first 

15 years of planned development in India, the rate of 

investment gradually increased and in 1966-67 was as 

high as 19.7% of the gross domestic product. For an 

economy which was caught in a low level equilibrium 

trap 

had 

on account of its colonial exploitation and thus 

suffered a long spell of stagnation, this was no 

mean achievement. The rate of investment declined 

after 1966-67 as a result of the poor performance of 

the economy during the third plan period. The recovery 

started 1n 1969-70. The rate of demestic capital 

tormation 1n the fburth ~lan could, however rise only 

to 20%. During the fifth plan period investment rate 



' I 

fluctuated ar6und 21% of the gross domestic product. In 

1978-79 
- I 

th~ investment rate shot up to 
I 
I 

23.3%. The 

next decade! saw a drop in this rate and only 1n the 
i 
I 

two y~ars there has been a marginal rise. last In 

' 1988/89 th~ ratio of gross capital formation to GDP 
I 1 

stood at 23~9%. 
I 

I 
(III) A LI'E~LE 

I 
DIGRESSION 

To tiose who are trained to analyse problems of 
I . 
~rowth in the framework of the Harrod - Demar 
I 

econom1c 

model, a /paradoxical situation emerged in the country 
I 
I 

' 
during th~ 1970s. Since 1973-74 rates of net domestic 

I 

saving a;'nd net domestic capita 1 formation had . steadi 1 y 
I 
I 

risen f9r six years and even now are considerably 

higher than those in the late sixties, yet the rate of 

economic growth remains somewhat low. This is a puzzle 

which has attracted many studies but this is not a part 

of our discussion. But one may allude to a recurring 

suspicion - 1S India indulging in a wrong 

export/product m1x ? (Wrong in the sense that it leads 

to higher capital costs). Given the importance of 

capital formation and given the scarcity of capital 1n 

an under developed country like India it is imperative 

we use our scarce capital resources prudently to 

achieve our tar' ;et. This is one of the reasons why we 

have taken up this exercise of minimising capital 

costs while aiming for our desired goal. 

1. These figures are taken from Economic Survey 
<1989-90) 
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(IV) In case of capital formation it can be said that 

public investment is more important--than private 

investment for developmental purposes in an under 

developed country because private investments are 

~ 
generally cha~lled into areas where retuYns are quick 

and high whereas public investment is mainly pursed on 

welfare grounds and for infrastructure development, 

where the gestation period is long and initial returns 

are low. In view of this fact the question of financing 

public investment outlays presents the principal 

problem facing the Indian mixed economy. 

There are broadly three sources from which 

resources are raised for the public sector plans. 

These are (i) internal sources, (ii) deficit financing 

(ii) foreign aid. 

Among the internal sources taxation provides the 

main basis for current rev~nue blance and is invariably 

relied upon for additional resource mobilisation. In 

the earlier phase of planned development, tax revenue 

constituted only a small proportion of the country's 

national income. For example, in 1950-51 the 

governments revenue collection through taxation was 

only 6.6% of the national income. However it rose to 

13% 1n 1968-69 and to 21.6% in 1986/87. In our 

taxation pattern some interesting features are notable. 

Firs£ one may note the vanishin~ small importance of 

revenue derived from ownership of land. Such revenue 

as accruing from the rural sector are all in the form 

4 



of taxes on particular commodities, used either as 

articles of consumption or as inputs into the 

production process. It reflects a profound 

sociological fact : the emergence and consolidation of 

a rural elite who have gained from public investment 

manyfold without having to bear the cost of such 

investment. Secondly one can note that while-tax-

income ratio has increased, taking the planning period 

as a whole, the relative share of direct taxes has 

diminished drastically. The consequence of the 

changing pattern of budgetary revenue has been the 

emergence of a system of indirect taxation which is 

higly biased in favour of a few selected items known as 

~universal intermediaries' and a class of commodities 

generally known as luxaries. It is often argued that 

this method of raising resources for the public sector 

plan is likely to have miriimal adverse effects on the 

investment plan 1n the private sector. This approach 

1s, however, erroneous as it completely ignores the 

interests of the weaker sections of the society. It is 

based on an underlying assumption that growth is an end 

1n itself and rejects the more rational view that 

growth is to be treated as a means to human welfare. 

Keeping 1n view the above facts and the fact that 

there is 

capital 

widespread poverty and the overall 

income, there J.s not much scope 

low 

left 

per 

for 

raising still larger resources either by imposing new 

5 



taxes 6r by raising the rates of existing taxes. 

Another source of additional resources 

mobilisation in our country is deficit financing. 

Deficit financing 1n India refers to the excess of 

total expenditure over total budgetary receipts on 

current and capital accountss together. 
2 

According to 

H.W. Singer, a government deficit thus created 

will be inflationary to the extent that no room is made 

!or it by one or the other of the following changes (or 

of course a combination of these): 

ct a) a voluntary reduction of private consumption 

(increased propensity to save), without an increase in 

private capital formation or in export surplus, 

b) a voluntary reduction of private capital formation, 

without an increase in private consumption~ 

c) an increase in private incomes without an increase 

1n private consumption or private capital formation, 

d) a foreseen or pre-arranged reduction in the export 

surplus or increase in import surplus". 

Absence of these adjustments while deficit 

financing is undertaken will necessarily generate 

inflationary pressures, but the presence of these 

adjustments is not enough to ensure absence of 

inflationary pressures. In underdeveloped countries, 

since it is not easy to make these adjustments, 

-2~ H.W. Singer, "Deficit Financ~ng of Public Capital 
Form~tion"- in A.N. Ag~rawal and S.P. Singh (ed.) 
Accelerating Investment in Developing Economies. 



inflationary pressures develop as a result of deficit 

financing. Further, completion of-development projects 

generally takes a long time. Over this period 

indulgence in deficit financing creates conditions of 

excess demand, as the supply increases only after the 

projects are completed. Thus deficit financing often 

creates conditions for what is characterised as the 

demand pull inflation. The process of price rise thus 

started not only hurts the fixed income groups, but 

also disturbs cost estimates of various projects which 

eventually distorts the whole planning activity in the 

country. 

In India, great reliance has been placed on 

deficit financing for mobilising resources for the 

plans. In recent years deficit financing has been 

carried on a massive scale. A look at the picture for 

the last decades in table-lA will corroborate this. 

Even, without submitting to a monetarist,s 

position, one cannot deny that in the Indian situation, 

there are limits to the amount of public investment 
3 

that can be financed by borrowing from the RBI. 

There need not be any mechanical correlation between 

increase in money supply made possible by increase of 

3. The Economic Survey (1989-90) has noted that 
budget deficit as conventionally reported is 
a partial measure of the fi seal imbalance 
has built up over the years. What matters is 
monetised deficit i.e; the· increase l.n net 

. credit to the Central Gov~rnment. 

7 
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TABLE - lA 

BUDGETARY TRAMSACTIDNS OF THE CENTRAL AND STATE 
GOVERNMENTS ~ UNION TERRITORIES !Rs. Croresl 

1980-81 1933-84 1994-85 1985-86 1986-87 1987-88 1988-89 1988-89 1989-90 
!BEl !REl !BEl 

-----------------------------------------------------·--------------------------------------------------------
I. Total Outlay 36845 60829 i'"}r"l")t', 

I L.U.;..-.J 83961 100790 112169 127780 132081 149223 

!!.Current Revenue 24563 4098'i' 47~'i8 56773 64823 73485 86036 84849 103623 

l I I. Gap 12282 19840 .-,r..,,..,, 
'.J' Lt 27188 35967 38884 41744 47280 45600 

\ 

IV. Ca.pi tal Receipts 8831 177Z5 20522 2374'1 26817 33180 33388 38427 37394 

v. Overall Budgetary 3451 ,..,t/1:' 512.5 3439 9150 5504 8356 8853 8206 LL •. •.J 

Deficit 

Source : Economic Survey 1989-90 

d) 



net lending · by the RBI to the government and the 

increase in price level but a broad positive relation 

cannot be denied. This implies that the present method 

of financing public outlays which is getting 

increasingly dependent on a large volume of deficit 

financing needs a major overhaul. 

Another source of mobilisation is foreign aiQ. In 

absolute terms India has been one of the biggest 

recipientsof foreign aid for developmental purposes but 

the position is not enviable if we consider the amount 

of aid in relation to its population. 

For evaluation of the role of external assistance 

in the capital formation in the public sector during 

the planning period we must consider the ratio of aid 

to overall investment in this sector. 

During the second and third plan periods the 

external assistance had accounted for 25% of the total 

investment in the puvblic ~ector. Subsequently, under 

the three Annual Plans contribution of external 

assistance to investmnet in the public sector rose to 

40%. Thereafter the relative importance of external 

assistance in Indian plans declined . Between 1951-56 

and 1967-68 the ratio of aid to import surplus was also 

high which implied that a major part of the aid was 

spent on meeting the deficit. During the fourth plan 

period, on account of recession in the industrial 

sector,- investment activity did not reflect buoy-ancy. 

Hence the country did not require aid on the same scale 
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as on the Third Five Year Plan and the three Annual 

Plans. Further, a -major part of the aid received in 

this period was spent on financing the imports and thus 

its contribution to domestic capital formation was at 

best marginal. Under the fifth plan external 

assistance did not rise in percentage terms. Yet the 

larger than 

to original 

absolute amount of aid was considerably 

that under the Fourth Plan. According 

scheme of financing of the Sixth plan the 

hoped to raise Rs. 9929 crores through 

government 

external 

assistance. 

approximately 

the plan. 

In percentage terms this was 

one tenth of the resources required for 

As against these contemplated external 

assistance the total foreign aid received during the 

plan period was Rs. 8529 crores. Thus over time the 

role of external assistance in the domestic capital 

formation has declined. 

There are several problems relating to external 

assistance. Firstly it appears on the basis of 

scattered indirect information that over the years the 

share of non-project aid in the external assistance to 

Lhis country has increased has compared to project aid. 

It has been noted the non-project aid is often utilised 

by the borrowing countries for less essential imports 

which obviously docs not help in capital formation. 

Here it may be said that a large part of the aid is 

spent o~ financing the deficit in balance of trade 

which has grown almost frantically over the years. A 

iO 



look at the balance of trade scenario over the years 

in table -lB will prove our point. As noted in 

Economic Survey (1989-90), " with the decline in the 

role of supluses in the invisibles account and given 

the contracts on the disbursement of concessional aid 

an increasing part of trade deficit has been financed 

by external commercial borrowings, non-resident 

deposits and decline in foreign exchange reserves". 

This has led to growing stocks of medium and long 

term external liabilities, higher debt service ratios 

and significant depletion of foreign exchange reserves. 

During the first four years of the Seventh Plan foreign 

exchanged reserves have declined by SDR 2,289 million. 

Regarding debt servicing it can be said that it has 

become another major problem relating to external 

assistance. The data provided in table-lC clearly 

indicate how rapidly the burden of external debt 

servcing has increased in this country during the 

planning period. They, however do not reflect fully 

the gravity of the situation in recent years. The debt 

servicing charges have accounted for 50% of the total 

external assistance. Their burden on the economy can 

be realised from the simple fact that now approximately 

one per cent of the national income regularly flows out 

on account of external debt servicing. All this shows 

that financing capital formation through external 

assistance is no more a rosy proposition_. 

Our discussion till now points to the fact that 



TABLE - 18 

EXPORTS - IMPfiRTS AND T~ADE BALANCE ( R..1. . c. Vc 'f-!1 
----------------------------------------------------------------------------------------------------------------· 
Year Exports 

lincl.Re - E:portsl 
Growth rate 
in percent 

lmpurts Srowth rate 
in percent 

Trade Balance 

• ------------------------~-----------------------------------------------------~---------------------------------· 

1978 -71 tc-rr 1634 -99 LJ.J.J 

1971 -72 1608 4.755700 1825 11.68910 -217 
1972 -73 1,-,.,., 

• 7 I L 22.57462 1867 2.301369 114 
1973 -74 'ir::I'J"t 

4.,JL-..• 28.09608 2955 58.27530 -432 
1974 -75 3329 31.94609 4516 52.82571 -1187 
1975 -76 4036 21.23760 5265 16.58547 -1229 
1976 -77 5142 27.4~336 5074 -3.62773 68 
1977 -78 5408 5. 173B84 6020 18.64406 -612 
1978 -79 5726 5.880177 6811 13.13953 -1085 
1979 -80 6418 12.~8522 9143 34.23873 -2725 
1980 -81 !If i 4.565285 12549 37.25254 -5838 Oi i! 

1981 -82 78e6 16.31649 136~8 8.438919 -5802 
1982 -83 88~3 ! 1 ·~·~'·")') 

1-•! iJ...L.J.. 14293 5.033803 -5490 
1983 -84 9771 i~.'~%25 15831 10.76051 -6060 
1984 -85 1 i 7 44 20.19240 17134 8.230686 -5390 
1985 -86 f ;:o.-.~c- 7 '"•':r:·l"l 1'7658 14.73094 -8763 n:.;.:;-;-._r -l • .i...i..'"J.i.L. 

1986 -87 i :; -~!; ~. 14.27395 20~96 2.228100 -7644 ii"t-JL 

1987 -88 • t'"":' f i 
1._>i'il 2,~.4i342 2rm 11.457 i9 -6658 

1988 -89 ~!"!~"":"'!C" 28~ ·;·.3es1 2ai·?4 25.81169 -7999 Lii..:. 7._1 

Source : Econo;ic Survey 11989-:~; 



External Debt Servicing 

---- ·--· ,._,_- --- -·-~----- --··-- -·-·-- ---·- ---·--- .. _- --·--- .. -.. _ .... -·----- ·----·- -·- , __ ---·--------·-·--·- --·--·-------------~.!3-1~S!.o v-!/>) 

F'er-i od 

Fi r·st. Plan ( 1951--·~.)6) 

Secane! Plan ( 1956--6 :l) 

Thin:! Plan ( 1961-·t:d:J) 

Annual Plans ( 1.966--69) 

Four-th Plan I 1969-·74) I 

Fi ·f.th F'l an ( 1974--]<:.f) 

AnnuCl.l F'l an ... l97Li•""79) \ 

Si ;.;th F'l. ,'J.rl ( 1.981Zl---B~j l 

1985--86 

1986--87 

1987-88* 

* Estimated 

Source : Economic Sur-vey (1987-88) 

Amort i f::;at ion 

10.5 

L-"-1::." .... i 
~.Jd n .. ::. 

:.%:1!5 .. 6 

606.8 

1 ~jB4 .. 2 

25:~:;c) ;, 4 

~3~:13" 9 

290'5 .. <-f 

Tl~i. B 

1175.7 

1290. 6 

Inter· est 
PaymE-~nts 

1:3.3 

f::>LI .• 2 

::2:37 

~3::'5" ., 

860.8 

1236 

2o:""J {~')It Ci' 

190::::.. :~:. 

::'j90. 8 

85:~:. 4 

794. 1 

Total Debt 
Ser·vi ci ng 

23.8 

119.8 

542.6 

982.5 

2445 

3874.4 

800.7 

4809.2 

1366.6 

2029. 1 

2084.7 

'· 

'i 



the scope of resource mobilisation for capital 

formation either domestically or through external 

assistance is quite limited. It is an elementary fact 

that in a mixed economy, the government cannot directly 

commandeer resources for its own use. Neither can it 

regulate the ratio prices to wages to keep the level of 

aggregate demand in step with the money value of 

output. In the context of accelerated capital 

formation in a backward agrarian economy, there is the 

additional pressing fact that the level of labour 

productivity in agriculture is barely close to the 

level of subsistence consumption requirements. An 

economy under these circumstances can grow in a non

inflationary manner only if the real "slacks" provided 

by the system in the form of wasteful consumption of 

upper classes as well as redundant labour is made use 

of to generate additional investable resources which 

can lead to greater capital formation. Moreover 

political situation would not permit any reduction in 

final demand. It can be metioned here th~t 

government consumption expenditure which is a large 

part of total final demand has shown exponential rising 

_trend over the years. 

V. POSSIBLE WAY OUTS OF THIS IMPASSE 

On the face of the above constraints viz domestic 

resource contraint, external assistance problems and 

present political scenario (which -denies any scope of 

14 



reduction in final demand) there seems to be only a few 

way outs. 

The first liU .QYt; is greater degree of political 

determination in regard to collecting taxes including 

service charges and electricity and water rates, 

reducing regressive subsidies and substantially 

widening the tax base. Given the present socio

political structure of our economy this way out is 

improbable. As Pranab Bardhan has noted, "when diverse 

elements of dominant coalition of the propriety classes 

pull in different directions and when none of them is 

individually strong enough to dominate the process of 

resources allocation, one predictable out come is the 

proliferation of subsidies and grants to placate all of 

them with the consequent reduction in available surplus 

fo'(' capital formation". 

The second~~ is the alternative of pursuing 

the path of privatising of public investment outlay. 

But this is also not feasible because private funds 

would not get attracted towards projects with low 

initial returns. 

The third way out which we propose is to select of 

proper 

formation 

export-product mix which will minimise capital 

requirements while we aim for a balanced 

trade under limited (but increasing) export potential. 

The target of balanced trade if achieved will do away 

with the- problem of financing imports from external 

assistance, thus freeing foreign exchanges for vital 

l5 



developmental programmes. However, given the 

propensity to import, the target of balanced trade is 

achievable only if there is an increase in our export 

potential. ln the exercises which we will carry out in 

the latter chapters we will try to figure out the 

optimal export-product mix which will minimise capital 

formation requirements. 

Let us now switch over to the energy front. 

VI. ENERGY 

"There is no substitute for energy, the whole 

edifice of modern life is built upon it. Although 

energy can be bought and sold like any other commodity, 

it is not just another commodity, but the precondition 

of all commodities, a basic factor equally with air, 
4 

water and earth". This quote from SchumacheT pithily 

sums up the overwhelming importance of energy in any 

econom~ • 

Research in the field of economic development 

recognise the special role of energy input assum ed in 

furthering economic growth. Considering the strategy 

for development in the general framework of unbalanced 

growth for a developing economy, Hirschman 

distinguished between Social Overhead Capital (SOC) and 

Directly Productive Activities (DPA). Power supply was 

an important element in the SOC category. Hirschman 

4. -Taken from "Schumacher on Energy" ed. by Kirk(G) 

16 



a~ued that there was aminimum critical point, 

indicated by a critical ratio of SOC/DPA, where 

productive activities in an economy could only be 

increased if the power capacity could be expanded. 

Provision of adequate supply of power at reasonable 

prices could ensure expansion of power intensive 

activities on which the growth of the economy depended. 

Tynes observed that India had been continually near the 

limiting ratio of SOC/DPA with regard to energy 

resources over the past decades. He demonstrated 

through regression analysis based on data for national 

income and consumption of commercial energy 1n India 

over the years 1953-54 to 1970-71, that there was a 

close correspondence between the two variables in India 
5 

during the time. 

Regarding the energy front in India we will mainly 

concentrate on electricity which is one of the major 

sources of commercial energy. In the seventh plan out 

of the total public sector outlay energy accounted for 

30.8% and electricity itself accounted for 20% of the 

above outlay. In India during the past three and half 

decades energy has been developeLon a considerable 

scale. The total installed capacity in the country was 

around 5940.38 MW at the end of March 1989 as against 

2350 MW in 1950. This development though quite 

impressive 1n itself, left a gap between the demand for 

5. This part i~ entirely based on D.K.Bose~s "Energy 
Economics" (ICSR). 
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and the supply of electricity. Consequ~ntly power 

shortages have become a normal phenomenon in almost 

every part of the country. This shows that as in the 

case of capital formation India should look for more 

productive uses of electricity and cannot afford to 

have wastages. So we have set upon ourselves the task 

of finding the optimal export-product mix to reach our 

desired goal with minimum electricity use. 

VII. In carrying out our exercises we 

recourse to an input-output type of model 

will take 

flexibility in the trade pattern and choices 

allowing 

in the 

level of sectoral gross output. 

In plain verbal terms our objective function will 

be to minimise either capital formation requirements or 

electricity · use such that, sum of (exports minus 

imports) is greater than are equal to zero in a 

situation of limited export potential and given final 

domestic demand. 
.. 

We have to formalise our problem in terms of a 

model. The next chapter will go on with the 

calibration of the model. The following two chapters 

after the chapter on model will see the calculationR 

and generations of the required coefficients, ma~ices 

and vectors for the emplrical validation of our model. 

In the fifth chapter we will discuss the results and 

interpretations of our optimal solutions from the 

exercises. In the last chapter we-will: ponder over the 

feasibility and practicability of the whole scenario. 
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CHAPTER 2 

THE HODEL 



THE MODEL 

(I) A Brief Prelude 

In this chapter we intend to provide a snapshot of 

the economy through a model. In this respect we will 

hang on to the input-output scaffold which is largely 

the creation of W.W.Leontief. 

The theory of input-output has at least three 

important aspects. Firstly, it is of interest to an 

economic theorist because it provides the simplest form 

of Walrasian general equilibrium ; its form is so 

simple that it holds out 'the hope of empirical 

statistical measurement. Secondly, input-output is of 

interest to the national 1ncome economist because it 

provides a more detailed breakdown of the 

macroaggregate and money flows. Thirdly, the theory of 

input-output can also b~ regarded as a peculiarly 

simple form of linear programming. In the simplest 

Leontief system, in which no substitutions of inputs 

are technologically feasible, the optimising solution 

is the one and only efficient solution possible. 

Without further ado let us now delve into the 

building up of the model. We will first conceptualise 

the situation theoretically and then go in for the 

empirical exercises. 

\9 



(11) Outline and Assumptions of the Model 

Suppose there are n sectors in the economy 

producing n goods. Our output-input framework seeks to 

take account of the interdependence of the production 

plans and activities of the n sectors which constitute 

the economy. This interdependence stems out of the 

fact that each industry employs the outputs of the 

other industries as its raw materials. Its output, in 

turn, 1s often used by other producers as a productive 

factor, sometimes by those very industries from which 

it obtained its ingredients. Steel is used to make 

railroad cars and railroad cars are in turn, rised to 

transport steel and the coal and pig iron which are 

used in its manufacture. Other examples should come to 

mind at once. 

The basic problem, then, is to see what can be 

left over for final consu~ption and how much of each 

output will be used up in the course of the productive 

activities which must be undertaken to obtain these net 

outputs. 

The intransigence of the empirical materials and 

the computational problems have forced on input-output 

analysis a number of simplifying assumptions, of which 

two are particularly noteworthy. Our first assumption 

is that each sector produces only one homogenous 

output. But this restriction can be somewhat relaxed 
- -

by interpreting this good as a composite commodity 

which is made up of several items produced in fixed 
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proportions. Such a compound good can, for example, 

consist in packag~of chewing gum and fertilizer in 

which there are always ten sticks of gum and one 

kilogram of fertilizer. 

Our second assumption 1s perhaps more serious. It 

states that in any productive process all inputs are 

employed 1n rigidly fixed proportions and the use of 

these inputs expands in proportion with the level of 

output. This is a special case of an assumption of 

constant returns to scale. But the fixed proportions 

assumption is far more restrictive. Constant returns 

to scale is perfectly consistent with the substitution 

of one factor for another. A linear homogenous 

production function permits both labour - intensive and 

capital - intensive processes. Not so the 

fixed proportions premise which requires that a 

manufacturing process whieh is labour intensive offer 

no option of capital - intensive alternative. 

(III). Core of the Model 

Let X = 

Let 
A Tll a12 .. aln 

a21 a22 •• a2n 

anl an2 .• ann 

Zl 

be the ( n X 1) column vector 
of gross output of the n 
sectors measured in rupee 
terms at some constant 
prices. 

be the (n X n) input 
coefficient matrix, where 
aij = amount of the ith 

-good measured in rupee.terms 
to. produce one rupee worth of 
the jth good. 
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Let C = Cl 
C2 

Cn 

be the (n Xl) column vector 
of private final consumption 
expenditure on each good 
measured in rupee terms of 
some constant prices. 

Similarly let Inv. G, E and M be the vectors of 

investment expenditure (which includes both fixed 

capital formulation and changes 1n stocks of 

inventories) governmental final expenditure, final 

export demand and imports respectively. 

From the basic annals of national income 

accounting we know that the vector of total final net 

demand is 

( C + Inv. + G + E - M ) 

AX 1s the vector of intermediate demand. Now gross 

output in each sector should be enough to sustain 

intermediate and final demand. 1.e gross output = 

intermediate demand + final demand 

i.e. X = AX + ( C + Inv. + G + E - M ) 

We could have as well put an ~ sign instead of the 

equality one. However since Inv. vector takes care of 

the changes in stock of inventories the equality sign 

is valid. 

Let C + Inv. + G = F (vector of final domestic demand). 

Therefore we can write our equation as 

X - AX = F + E - M 

1.e. ( I - A X = F + E - M •••• (1) 

(net output) = (Final domestic demand)+(net export demand) 



Relationship (1) 1s the fundamental input output 

balance of our system. We will now make certain 

assumptions (hopefully realistic) regarding the M 

vector. 

We assume that import of a commodity is 

proportional to the gross output of that commodity. 

i.e Mi = Wi Xi ( i = l ••• n) 

Which in other words means that the propensity to 

import is given for each commodity. 

Here let w = Wl 0 ... 0 
0 Wl..- ··0 

0 _ . .' Nt\ 

Obviously it follows M = W X 

be the (n X 

diagonal matrix 

import/ gross output 

coefficients (Wis) 

n) 

of 

So, , from ( 1) we have ( I - A ) X = F + E - W X with a 

little manipulation we get 

-1 
X = ( I - A + W) ( F +E) ••••••••••• (2) 

Relation (2) consist of our fundamental input output 

balance, when we assume M = W X. 

Now suppose K = <Kl, K2, •....•. Kn) be the ( 1 X n)row 

vector of ICORs of each sector. 

Here Ki = increment in capital stock required to 

produce one rupee increment in gross value 

added of the ith sector (i = 1,2 •..• n) 

Let _ X, F, E be the vectors of gross -output, final 

domestic demand and exports in the initial period. And 

23 



let X be an target vector (where the nature of a target 

will be defined a little later) 

Hence, X -X = Vector of target change in gross output. 

And, KV( X - X ) = Capital formation required to 

achieve this target. 

Now what is the target ? The nature of the target and 

the contraints was specified in the previous chapter. 
-1 

Recalling that X = ( I - A + W F + E) , we keep 

on F same as before, 1.e. F = F. Now we let the 

exports vary in such a way that trade at least balances 

i.e. sum of (exports minus imports) ~ 0 

i.e. E - M ~ 0 

i.e. s E - w X ~ 0 [Where s = ( 1 ..•. 1) & M = wx 

-1 
Since X = I - A + w ) ( F + E ) 

( I - A + w X = F + E 

i.e. E - W X = I - A X - F 

i.e. s E - W X = s { - A) X - S F 

so s E - W X }. 0 

implies s I-A)X~SF 
-1 

i.e. S( I - A) ( I - A + w ) F + E ) t: s F 
-1 

i.e sz F + SZE ~ s F [where z = I-A) ( I-A+ W) ] 

i.e. SZE ~ s F - s z F 

Hence sum of (exports minus imports) ~ 0 

implies SZE ~ S F - SZF. 

We also assume that there 1s an upper bound on the 

export of -each -i tern, which simply means that our 

export potential is limited. This can be depicted as 
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1+ r), which simply shows that we cannot 

expor~ mor~ than a certain fraction r over and above 

the initial exports ( E = initial exports) 

in a nutshell the nature of our target X vector is 

as follows 
-1 

X = I - A + W) ( F + E) 

F = F final domestic demand 1s same as before) 

E ~ E 1 + r) Export potential is limited) 

and SZE ~ S F - SZF ( Trade must at least balance) 

Our objective 1s to reach this target with minimum 

capital formation. 

Therefore our exercise is to 

m1n. KV(X-X) 

st. E ~ E ( 1 + r) 

-SZE 4 S F - SZF. ( Si~ce f :o F) 

Now minimising K V ( X - X) 

--> m1n. K v X ( as X is given) 
' -1 

--> min K v I - A + w ) ( F + E ) 

-1 
--> min K v I - A + w E ( as F lS given) 

Here the whole exercise boils down to 
-1 

min. K v I - A + w E 

st E ~ E 1 + r 

and SZE ~ s F - SZF. 

By solv~ng this linear programming problem, we 

will get an optimum E vector from which we can 

generate the X vector using the relationshi~ 
-1 

X = ( I - A + W ) F + E ) 



and see what is the optimum product mix to achieve our 

target. We can do a similar exercise with ~espect to 

electricity. Let e = (el,e2,.~ •••••••• en), where ei is 

equal to to the electricity in KWH required to produce 

one rupee worth output of the ith sector. 

Obviously electricity required to produce a target 

gross output vector X is eX. Our objective function 

then boils down to minimising eX subject to the same 

set of constraints as in the investment minimisation 

exercise. 

-1 
Now, min. eX ---> min. e(I - A + W) (F+E) 

-1 ------> min. e (I-A+W) E [as F= F, given] 

Hence, our exercise in this case is to 
-1 

min. e (I-A+W) E 

such that E ~ E (l+r) 

-· and sZE ~ sF - sZF 

Solving the above linear programming problem we will 

get an optimum E vector. Then we can compare the 

two optimum E vectors obtained from solutions of 

investment/electricity minimisation exercise and see 

how the product mix changes as we switch over from 

capital formation minimisation exercise to electricity 

minimisation exercise. We can also vary r i.e., vary 

our e~port potential and se_e how the optimum solution 

changes with changes in export potential. 
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So far, we have ·been playing around within a 

theoretical framework. Now we will come down to the 

world' of hard reality and carry out our exercises on 

the empirical front. In order to do that we have to 

generate all the relevant vectors and matrices in the 

Indian context. How do we go about doing that will be 

unfolded in following chapters • 
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CHAPTER 3 

GENERATION OF SOME RELEVANT MATRICES AND VECTORS 



GENERATION OF SOME RELEVANT MATRICES AND VECTORS 

I. As promised earlier we 'Will now generate the 

relevant matrices and vectors for our 

exercises. Our first task is ~o calculate the A matrix 

(which is the input-output cqefficient matrix). For 

this we have taken the : help of Input-Output 
' 

Transactions Table of the Indian economy for the year 

1978-79, published by the c.s.o. 

II. THE TRANSACTION MATRIX 

In the above mentioned publication the input-

output transactions (commodity x commodity), 1978-79 in 

rupees lakhs is given for 60 sectors of the Indian 

economy. These sectors are enlisted in table 3A. 

Let us denote the elements of this transaction 

matrix by Tij (i=l,2, •••• 60, j=l,2, .••• 60) 

where Tij = Amount of 1th commodity bought for the 

production of the jth commodity by the jth sector. 

Since 60 sectors may prove to be a little too 

unwieldly in our latter course of study we have reduced 

the number of sectors from 60 to 35 by clubbing some of 

them together. For example sector number 1 to 7 (i.e. 

food crops to fishing) has been clubbed together and 

renamed agriculture, forestry and fishing. Similarly, 

sector no.52 to 60 (i.e. trade to public administration 

~nd d~fence) has been added together under the heading 

"other services". Care has been taken so as not to 



miss out the important details. Our 35 sector and the 

clubbing which has been done to arrive at these is 

reproduced in table 38. Our new input-output 

transactions table is of th~ dimention(35 x 35). Let 

us denote the elements of this new table by Hij 

(i=1,2 •••.•• 35, and j=1,2, •. · ••• 35). How the relevant 

clubbing has been done will ~e clear from the example 

given below. 

As noted earlier we have: clubbed together sectors 
I 

1 to 7 in the original tabl~ to sector 1 in our new 

classification. 
I --, 

Therefore, H11 = L:"£"Ti· 
l'"l j 0 1 ) 

Again, sector 8 in the original table is coal and 

lignite. We have kept it as it is and it is our sector 

2 in the new classification. Here, H12 = t T i ~ 
i= I 

In this way all the relevant adding togethers and 

consequent groupings had been done to arrive at the new 

input-output transactions table. 
/ 

In the original 

matrix the gross value added~ gross output, private 

final consumption expenditure, Government expenditure, 

gross capital formation, exports and imports of all 

sectorshave been given. We .have again added up the 

relevant sectors to arrive at the figures under 

different heads of expenditure according to our new 

classification. One can have alook at this whole 

Lransactions matrix in table 3C. Here, it must be 

noted that all the relevant calculations had been done 

on the computer; using the software package, LOTUS-123. 
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III. THE COEFFICIENT MATRIX 

After having generated the relavent transactions 

matrix we will now calculate the input-output 

coefficient matrix A. We may recall that Hij -

amount' of the ith commodity in rupees lakhs bought for 

the production of jth commodity by the jth sector. 

Then Hij/(gross output of the jth commodity) -1s 

equal to the amount of ith commodity in rupees to 

produce one rupee worth of the jth commodity. This is 

nothing but aij, an element of the A matrix. By 

calculating Hij/(gross output of the jth commodity)for 

all sectors that is for all i's and j's we will get 

all the aij's which constitute the A matrix. This 

matrix is reproduced in table 3D. 

IV. THE VALUE ADDED COEFFICIENT MATRIX 

Let us denote the value added of the ith sector by 

(GVA)i ; i=l,2, ••••• 35. 

Now (GVA)i/(gross output of the ith commodity) gives 

our gross value added per unit of gross output of the 

ith sector. This is our Vi= [(GVA)i/(gross output of 

the ith commodity)]. We can calculate these Vi's and 

generate the V matrix which is the diagonal matrix 

consisting of the Vi's. These Vi's are listed in table 

3E. 



V. THE F,E,M & X VECTPRS: FOR THE INITIAL YEAR 

Till now we have created the A & V ~atrices. The 

coefficients of these matrices are at 1978-79 prices 

because the original input-output transactions table as 

published by the c.s.o. was for the year 1978-79 and 

the figures 

prices. We 

there were given at that years current 

will now try to generate the vectors of 

final domestic demand (F), exports (E), imports(M) and 

gross output (X) for the initial year at 1978-79 

prices. 

VI. CHOICE OF THE INITIAL YEAR 

The initial year is taken to be 1984-85. There is 

nothing holy in this choice but one crucial fact 

necessitated the convergence on to this choice. The 

fact is that it is easier to calculate the relevant 

vectors for 1984-85 due to availability of some 

important information. Since the structure of final 

demand for the year 1984-85 has been given in "A 

technical note on the seventh plan of India (1985-90)" 

published by the perspective planning division of the 

Planning Commission, it is convenient for us to 

calculate the required vectors for this year. 

VII. STRUCTURE OF FINAL DEMAND 

In the above publication the structure of final 

demand is given for 50 sectors. But we have to reduce 
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this to our classification of the 35 sectors. Before 

doing that let us just allude to what the figures given 

in the structure of final demand means. An example 

will make it clear. For the sector"Paper and paper 

based industries", the figure given under the heading 

Private Consumption is 0.006677. It means that private 

consumption expenditure on paper accounted for fraction 

of 0.006677 (or 6.677%) of the total private 

consumption expenditure on all goods in that year. The 

other figures in the table have similar meanings. 

As noted alittle earlier we have to reduce the 50 

sectors as given in the Technical Note on the 7th plan 

to our classification of 35 sectors. Simple clubbing 

together as we did while generating the A matrix would 

not do because the definition of the secto~given 1n 

the Technical Note on the 7th plan does not tally 

exactly with the sectors given in the input-output ,, 

table. Since our classification of the sectors are in 

line of the input-output table(published by C.S.O.) 

where our sectors are either the same or a simple 

clubbing together of a few sectors given there. 

However, we have serious problems regarding the 

reduction of the 50 sectors of Technical Note to our 

classification of 35 sectors. 

For this we have to resort to a little 

manipulation. 
0. 

In some casesisimple adding can-do the 

trick. For example, sectors 1 to 10 in the Technical 
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Note corresponds to our sector 1 (Agriculture, forestry 

and fishing). In this case a simple clubbing together 

of the sectors 1 to 10 in the Technical Note is enough 

for our purpose. But the hitch lies elsewhere. For 

example, the sectors 31 to 33 in the Technical Note 

corresponds to our definition of sectors 16 and 

18(heavy chemicals and fertilizers respectively). Here, 

a simple adding up is not sufficient. So what we have 

done is that we have added up the relevant figures 

under different heads for the sectors 31 to 33 1n the 

Technical Note. Then we have disaggregated this added 

up figure among our sectors 16 and 18 and the pattern 

of disaggregation is the same as it was in the year 

1978-79. Let us explain this in. ~little more detail. 

From the transactions table we can get the total 

private consumption expenditure of the sectors 16 and 

18 combined. From this we can calculate what fraction .. 
of this total of two sectors goes to sector 16 and what 

fraction goes to sector 18. Recall that we have added 

the sectors 31 to 33 in the Technical Note. Now the 

added up the figure (say P) under the head private 

consumption means that the private consumption 

expenditure on sectors 31 to 33 together account for a 

fraction p of the total private consumption 

expenditure of that year. Since sector 31 to 33 

correspond to ?Ur classification of sec~o~s 1o and 18, 

we now know that private consumption expenditure on the 



sectors 16 and ~8 (according to our definitions) 

together account for a fraction P of the total private 

consumption expenditure of that year. Now we have to 

break up this P into the relevant fractions for the 

sectors 16 and 18. And this is done according to the 

distribution pattern in 1978-79 which we referred to a 

little earlier. 

In this way we can either club together or 

disaggregate(when the need arises) the sectors given in 

the Technical Note to arrive at the structure of final 

demand,1984-85, in accordance to our classification of 

sectors. This whole structure of final demand, 1984-85 

is given in Table 3F. This our first step towards 

generating the vector F, E, X, M etc., 

VIII. THE C, Inv., G, E AND H VECTORS IN THE INITIAL 

PERIOD 

;' 

From the National Accounts Statistics (1980-81 to 

1986-87) published by c.s.o. we can get the figur~for 

total private consumption expenditure, total gross 

capital formation, government consumption expenditure, 

exports and imports for the year 1984-85 at current 

pr1ces. We can break up these total figures according 

to our structure of final demand (which we derived a 

little earlier) among the different sectors. So that 

now we have the detailed break up of the consumption 

expenditure-, e_xpo-rts et al. for different sectors in 

1984-85 at current prices. (Table 3G) 

"34 



In the next step we have to deflate these figures 

to 1978-79 prices (since we have to reduce_ everything 

to some constant price). From the National Accounts 

Statistics we can derive the relevant price deflators. 

Then, we can use these deflators to bring down every 

thing to 1978-79 prices. The level of final demand of 

1984-85 at 1978-79 prices is given in table 3H. 

IX. THE GROSS OUTPUT VECTOR FOR THE INITIAL YEAR 

Since, F = ( C + Inv. +G), we can now generate 

the F vector for the initial period. Recall that from 

relationship (1) in our chapter on model we get the 
-1 

X = (I - A) (F + E - M) 

Since we have the A matrix we can calculate (1-A) and 
-1 

then get (I-A) using the computer software packages 

LOTUS-123. 

Then we can generate the X vector <the gross 

output vector) for the initial year. One can have a 
-1 

look at the (I-A) matrix in table 31. The X vector 

for the initial year is given in table 3 H. 

X. THE IMPORT COEFFICIENT MATRIX 

We may recall that Mi = Wi Xi (i=1,2 •••• 35) 

Hence Wi = Mi/Xi 

Since we have all the Mi's and the Xi's we can 

calculate the Wi's. Since Wi's go to form theW matrix 

35 



we can get that too. From relationship (2) we get that 
-1 

X = (I - A + W) (F + E) 

generated we can Since the W matrix has been 
-1 

calculate the matrix (I - A + W) 
-1 

vector by multiplying (I - A + W) 

and arrive at the X 

can be easily checked the X = 
-1 

= (I - A + W) 

which follows from definition. 

with (F + 
-1 

E). 

(I - A) (F + E - M) 

(F +E), 

-1 

It 

Since, we will be needing the (I - A + W) frequently 

for our empirical exercises we have reproduced this 

matrix in table 3K. Till now we have partly fulfilled 

our promise of generating the relevant matrices and 

vectors. What remains to be done is to generate the k 

and the e vector (the vectors of ICORs and electricity 

coefficients respectively). We will take up this 

daunting task in the next chapter. 
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s~ctors of th~ Indian Econoay as giv~n in th~ 

Input -Output Transaction Table <C.S.O.l,1978-79 

1 Food Crops 31 Paints,Varnishes ~Lacquers 

2 Cash Crops 32 Pesti. Drugs~ Other Cheaicals 

3 Plantation Crops 33 Ceeent 

4 Other Crops 34 Non Metallic Minerals 

5 Aniaal Husbandry 35 Iron Steel ~ Foundries 

b Forestry and Logging 36 Other Basic Metal Industries 

7 Fishing 37 Metal Products Excl. Machinery 

8 Coal and lignite 38 Agricultural Machinery 

9 Crude Petro. ~ Natural 6as 39 Machinery for Textile ~ Other Industry 

H'l Iron Ore 48 Other "achinery 

11 Oth~r "inerals 41 El~ctronic,Elec. "achinery 

12 Sugar 42 Railway Transport Equipaent 

13 Food Products Excl. Sugar 43 Other Transport Equiptent 

14 B~v~r ages 44 "isc. Manuf. Industries 

15 Tobacco Products 45 Construction 

lb Cotton Textiles 46 Electricity 

17 Wool,Silk,Synth.Textiles 47 6as ~ Water Supply 

18 Jute, Heap ~M~sta Textiles 48 Railway Transport Service 

19 Textiles Products 49 Other Transport Service 

20 Wood Products Excl. Furniture 58 Storage ~ Warehousing 

21 Furniture,Fixtures 51 Coatunication 

22 Pap~r,Paper Products 52 Trade 

23 Print,Publ. .~ Allied Activites 53 Hotels ~ Restaurants 

24 L~ather, l~ather Products 54 Banbng 

25 Ploastic Rubber Products 55 Insurance 

26 Petroleut. Products 56 Ownership of Dwellings 

- 27 Coal tar ·Products - 57 Education & Research 

28 Inorganic Heavy Cheaicals 58 Medical ~ Health 

29 Organic Heavy Cheeicals 59 Other Services " 

31 Fertilisers - 37 68 Public Adainistration ft Defence 
- --· .. --------------~.----~------------------------------------------------------------



TABLE - 38 

Clissification of sectors as envisaged in our study 

Sectors 

1 Agriculture,Forestry ~ fishiny 
2 Coal &: lignite 
3 Crude petrol eue & Natural gas 
4 Iron ore &: other "inerals 
5 Food,beverages & tobacco products 
6 Cotton textiles 
7 Wool,silk etc. 
8 Jute,hemp &: testa 
9 Textile product including 11ea~ing apparel 

lB Wood t wood products 
11 Paper & paper pro~.uct s 
12 leather t its products 
13 Rubber t plastic 
14 Petroleum products 
15 Coat tar products 
16 Heavy chemicals 
17 Fertiliser 
18 Paints,pesticides t other che~icals 
19 Cement 
20 Other non metallic mineral products 
2l Iron &: Steel 
22 Othe-r ;eta! s 
23 Metal products excluding machinery t transport equipment 
24 Non electrical aachinery · 
25 Electrical machinery 
26 Transport equipaent 
27 Other manufacturing Industries 
28 Construction 
29 Electricity 
30 Gas ~ water supply 

· 31 Railway transport service 
32 Other transport service 
33 Storage ~ Warehousing 
34 Communication 
35 Ot~er services 

.· 



'<fABLE - 3C 

INPUT-OUTPUT TRANSACTIONS KATRIX (COMMODITY X COMMODITYI,I978-79 
!Rs.Liithsl 

----------------------------------------------------------------------------------------------·-------
SECTORS 1 

0 

2 .3 4 5 6 7 t 
------------------------------------------------------------------------------------------------------

1 Agriculture 838597 8 8 7 421599 1136t6 11236 19879 
2 Coal ~ lig. 100 930 8 18 3141 2124 683 163 
3 Cr.pet & N.gas 2 8 8 8 113 31 8 I 
4 Iron & oth.Min. 1 8 8 18 367 17 79 1 
5 Food,bev.~ tob.P 33801 8 8 0 104028 2164 63 113 
6 Cotton text. 6789 0 8 8 2911 121753 11183 314 
7 Wool,silK etc. 15. 0 0 0 42 5786 13579 28 
8 Jute1hemp & mesta 1541 0 0 1 6397 1561 382 1681 
9 Txt,pd.inc.w.app. 2361 8 0 0 133 212 1465 647 

11 Wood ~ wood pd. 825 254 2 87 6848 1645 736 29 
11 Paper & paper pd. 421 173 7 47 6372 1797 2331 159 
12 Leather & its pd. 0 0 0 0 75 497 9 0 
13 Rubber & plastic 337 0 0 25 2485 678 356 64 
14 Petroleum prod. 55733 531 408 801 5399 2948 1301 289 
15 Coal tar pd. 4 0 0 ~o ;;, 175 132 1877 9 
16 Heavy chemicals 103 0 4 20 3126 6893 2807 80 
17 Fertiliser 142568 0 0 0 128 7 22 0 
18 Paints 1pest.etc. 19249 2391 0 681 13229 16973 54371 1573 
19 Cement 0 0 162 0 0 0 8 1 
20 Oth.non H;.min.pd. 145 {l 43() "' 3707 156 115 17 ~ 

21 Iron & Steel 278 3 ~ 1666 1594 376 275 
22 Other metals 14 0 0 4 790 11 30 1 
23 Met.p.e<c.mch.~tpt. 1329 175 'l 3'11 10035 2698 958 390 '- L; 

24 Nor. el.machinery 6934 7322 1584 472 -5295 7428 2552 539 
25 Elec.machinery 181 0 0 " i7 16 a 2 u 

26 Transpo~t eqpt. 1150 224_,. 0 73 21 59 10 ... 
i. 

27 Other man.Ind; 80 71 302~ 337 121 2 
28 Construction 33564 280 256 ..,, 4880 3129 1397 37i ... 't· 

29 Electricity 24914 3569 .,., 1241 7441 14536 3231 1453 i.·J 

30 Gas ~ water sup. ro Cl: 336 850 223 2 ..!~ ,, 
31 Rly.tpt.service 1408i 486 73 113 4"'1 L!L 1601 489 166 
32 Oth.tpt.service 15547 2212 ·u 396 14483 14548 1499 1278 ,;u 

33 St.& Warehousing 0 Cl: 0 0 0 0 a 0 " 
34 Communication 1075 78 121 "'' •• J.:..' i374 876 402 77 
35 Dth.services 143756 2525 972 1468 114425 80857 25636 7656 

totai 1337545 21225 4082 5915 745511 412413 137575 37257 
net ind. to.xes 3675i 2695 643 986 36708 21707 31800 1767 
gva 3424462 58554 37901 37563 149574 158932 48625 16196 
g, OUt))Ut 4798758 74474 42626· 44464 931793 593652 218000 55220 

------------------------.------------------------------------------------------------------------------c.o..,tc:l. 
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T BLE - 3C co d. 

l ~; .. i: .. ! t:.:n: 
2 C:c.. ~ !ig. 
3 :,.. .~~~ ~ '. as 
4 : r: r ~ at . ~~ ~i. 
5 c:~~~~E .' tch.P 
6 -~::::- te t. 
7 "::~,::::t e!:. 
B :.~:,~e~r • ~sta 

9 : ~.;~.i~:.n.app. 

!2 ~~~- ~ ~o~~ ~~. 

!l ~a;e: pa~er pd. 
_c;tL2~ its pd. 
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TABLE - 3C contd. · 

------------------------------------------------------------------------------------------------------
SECTORS 25 "26 27 28 29 31 31 32 

-------------------------------------~-----------------------------------------------------------------
1 Agriculture 188 752 1229 27134 166 I I 11386 
2 Coal ~ lig. 115 1581 912 2189 19226 94 .. 3267 21 
3 Cr.pet l N.gas . 2 12 3 8 214 4398 8 8 
4 Iron ~ oth.Kin. 41 38 187 14271 28' 8 I 8 
5 Food,bev.& tob.P 32 7 234 " 7 1 8 3595 
6 Cotton text. 122 77 169 29 78 8 487 4 
7 Wool,silk etc. 9 22 - 348 8 6 8 8 B 
a Jute,help & lesta 1888 319 1225 6837 17 8 0 0 
9 Txt.pd.inc.w.app. 19 58 89 8 1366 8 31 679 

18 Wood ~ wood pd. 3847 1295 2986 46955 132 23 632 19 
11 Paper & paper pd. . 2217 665 2187 469 294 160 752 2737 
12 leather & its pd. 6 11 261 . 0 2 0 0 149 
13 Rubber & plastic 4648 8318 1606 54 10 28 375 33868 
14 Petroleua prod. 1747 3887 1840 184 2168 284 4784 65198 
15 Coal tar pd. 91 165 27 17831 6 35 8 0 
16 Heavy cheaicals 7459 1197 2935 0 579 882 0 37 
17 Fertiliser I 0 35 19 0 0 0 0 
18 Paints,pest.etc. 14328 186il 17185 24773 192 79 22 366 
19 Cement 4 7 a 3a831 a 0 8 0 
28 Oth.non t.ein.pd. 2483 315 3206 155321 55 12 782 152 
21 Iron ~ Steel 27357 34453 24623 185070 1786 31 4980 60 
22 Other ;etals 21499 5416 6539 385 0 0 0 
23 Het.p.exc.ach.&tpt. 4175 7521 18034 118 . 156 358 6133 1928 
24 Non el.machinery 2839 5925 1614 36!7 123 1808 823 832 
25 Elec.machinery 28589 2393 ,~ ... ~ 

<.J/.J 32703 6675 'l' <.! 5826 3671 
26 Transport eqpt. 214 37861 1818 107 125 16 37928 41827 
27 Other man.Ind. 134 859 47!8 2832 34 47 156 3813 
28 Construction 1828 4457 

,. 
645 140 7551 1609 15!49 4520 

29 Electricity 2162 4127 2778 15768 64816 8366 4734 972 
30 Sas ~ water sup. 185 405 1 "" .u 764 1619 5841 176 412 
31 Rly.tpt.service 1402 2603 1693 17060 7519 210 3618 5269 
32 Oth.tpt.service 2066 2523 !601 22912 168! 491 2817 59226 
33 St.~ Warehousing 0 0 0 0 C'') 

..!<. 0 0 0 
34 Communication 1005 880 1965 409 922 638 480 3772 
35 Oth.services 26432 23957 22548 149588 16039 .1255 10951 65599 

total 148477 152229 119852 685186 134029 25807 114023 389312 
net ind. taxes 30832 26815 16!58 75314 12035 1630 9393 83011 
gva 71042 124135 26562 . 464596 140283 118!9 1112789 345844 
g. output 250351 383179 162572 1225096 286347 37456 216205 738167 

. . ------------------------------------------------------------------------------------------------------
C.o "'tJ. 
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T - 3C c td. 

---------------------------------------------- -------------------
SEC TO EIP T.F.USE T.OU PU 

------------------------------------------------------------
1 ~~ric It re 
2 Coal ! lig. 
3 Cr.pet ~ .gas 
4 I r c: 1 &: ot ~.Min. 
5 Foad,be .t tob.P 
6 Cc·.t"~n ext. 
7 ~~l,si!k etc. 
e , ~e,~e ;. est 
9 i ·t.~d.ii;C, .ipp. 

te ccd .:o::J pd. 
1! P~pe~ ~ paper pd. 
12 leat ,er its pd. 
13 P.~bber ~ r!astic 
14 PefrG.e~= prod. 
15 C:E! l. c1'" pd. 
1b H~av 1 :~e cals 

,,. "'-- .... t C.t~-l 
'-- - --CC• 

2} ueL.;.e :. c~.&tpt. 
2 ~ ,. - e! . ~a c ~ : r er y 
:5 :'~- ~a:L·~er 

2t •r-. -~:rl ~~t, 

:~ ~~ =~ ~ ~~~. 

"') ~'-..-1~ .. ,..-,J. 

- ~ ~ • - -1 

3i .:~: ' r 2-':.E''" !:U,., 
L L 

'J- • ' -~ 

3: ~'l•~r~ -- ~:E 

~~ =~ • "!1 :~: .... .l 9 
!4 ~~ ~ ::_t.:-

• l. L 
... -

552 3 
284 

7 
11743 
86565 
22341 

57 2 
8967 

68385 
1339 
5532 

31 7~ 

289 
24'7 5 

17 
3te::: 

153!9 
1 0 

68582 
245P 
99i!. 

124u3 
16~! 

189:., 
126 .. : 
35~:9 

13'" :: 
7 9tE 

2:: 

29927 31S9iS 
848 1721 

125111 -l2C73 
t32e7 
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1 
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7f 

223~~ 
.,., . 

17~9 

33~! 
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22:65 

~:3 

7 3595 
4 3~33 
188274 
1 ':.66 
1949~8 

2e7.9 
35849 
67 99 

t:c.=~ 
-:. !0 

-1 ~!4 

47987:5 
74U~ 

42626 
44~~7 

931 'Te7 
593e5: 
2180~1 

~:4:.:.~ 

121?:, 
152~~9 

s~:r:6 
1': .. !8 
2r9~:6 

37 .~ -4c'-9 1e::~7 
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T-.E -

SECTORS 

1 Agriculture 
2 Cnl & lig. 
3 Cr .pet & N.gu 
4 Iron ' oth.lin. 
5 Food,bev.• tola.P 
6 Cotton text. 
7 Mool,silk etc. 
8 Jate,he1p & lfSti 

9 Txt.pd.inc ••• ipp. 
11 Mood l wod pd. 
11 Paper & piper pd. 
12 Leather & its pd. 
13 Rubber l plastic 
14 Petroleua prod. 
15 Coal tar pd. 
16 Heavy cheaicals 
17 Ferti 1 i ser 
18 Pa1nts,pest.etc. 
19 Ce1ent 
21 Oth.non ·.ain.pd. 
21 Iron II Steel 
22 Other aetal s 
23 "et.p.exc.ach.ltpt. 
24 o~ el.1achinery 
25 Elec.aachinery 
26 Transport Eqpt. 
27 Other tan.Ind. 
28 Co stru .. •io 
29 E:e;:tricit} 
3i Gas ~ water sup. 
~~ P: .. ~t.ser.ice 

:2 ct~.tp~.ser,'ce 
:3 ~. ~aret-:~sing 

34 CG1;ur.1cation 
·s o~~.ser.ices 

INPUT -OUTPUT a&FICIEITS Till 
lA llitril) 

2 3 4 5 6 7 

1.173185 I I I. 157 1.452459 1.191578 • 
I. UM21 1.112487 I I.IM224 I. 3369 I. 1 • 
I. I I I . 121 I. I. 
1.11 II I I 1.1 224 I. 93 I. 
1.117 43 I I I 1.111642 I. 
1.111414 I I I I. 124 1.213612 • 1298 
1.111113 I I I I. 45 1.119756 1.162288 
1.111321 I I I.IBI22 1.116865 1.112631 I. 1385 
1.111492 I I I 1.111142 I. 357 I. 6721 
1.118171 1.113411 •• 46 1.111956 1.117349 1.112713 I. 3376 
I.IIH87 1.112322 I. 164 l.ft1157 I. 6838 I. 1.111692 

I I I I 1.1 I. 11838 • 41 
1.111171 I I 1.1 562 1.112666 I. 1129 • 1633 
1.111614 I. 17131 1.119571 1.118114 1.115794 1.1 971 • 5967 
8.111111 I I 1.111877 1.18 187 I. 222 1.1149 
0.111121 I I. 93 1.111449 8.113354 1.111622 8.812876 
8. 829789 B I I I. Sl13 I. 11 .1181 
0.114111 1.132115 I 1.115315 I.e 4197 I. ~Sb19 1.2494 8 

II 0 I. 3818 I I I 
0.20027~ 

0.0~2157 1.1 
e.e ~ae2 e 1.111189 e.001a i • 

0.0~3276 1.112349 1.111146 1.117354 1.0 8769 1.2!4549 • 439 
0.tl!444 1.198316 e.l37t6e a.e.8b15 e.eL56E: @.e,~s 1 .e. 1 
0.0Z~B!7 0 0 
0.f~~:39 1.11311; 
0.ez~zto 1.111953 1. 

(.O t,~. 



TABLE - 3D t td. 

SE" s 

.gas 
~ o~h. in. 

5 Food,be .t tob.P 
C ~ o text. 

---~~--~~~~--------
a 

e.e25t15 e.t92.~5 
.80289 

e 

'1 3 





TABLE - 3D contd. 

______________________________________ _:~--~~~!-~-----------------------------------------
SECTORS 22 23 24 25 26 27 28 

1 Agriculture 8. 
2 Coal l: lig. 
3 Cr.pet l N.gas 
4 Iron ~ oth."in. 
~ c,_. .,.1 I f • 
w ~--)--'•J. ·--· 
: :c- _ :e. t 
7 ':_:,_:ll E__, 

J ~ .. ~-, -l~ ~ _::a 
':1 T ,._.:r.:: .•• c.~;:. 

-~ .'c-~ . ,.,oJd r~' 

: : :r - : ~a~- ; :. 

-- -= 
J ,.. ·_' - ~ r -- --: : 

~ ~£ -·-·· p --· 
r • ,J 

-- r-
t. ~-- .. 

' - ,c: • - --

-- t!. 

.l 
.. .. r-, 

~: ~--·r -A~.-- .~_pt. 
- I- ' ;_ i.: -

~la'" I!I:)C~inarv 

~~ Tr~~cnnrt e~ t. 

?7 Other ~an.fnd. 
?S Conc;tructio 
29 Electricity 
.. @ 6a!: " w ter c11c. 

31 Rlv.tot.service 
2 Oth.tot.se vice 

33 St.~ arehousing 
Co unicatio 

5 Oth.services 

• 05981 0.e~359a e.e29794 .ea~ots e.etaes3 
• 0~e26 e 0.ea 215 • 
• e7932 0. a~7B9 0. 57199 e.ee6t34 0.185787 0.e2e221 

e.eeat49 .ee 026 a.0a 15 0.e00023 0. 0 £ 9 • 31696 
e.ee0112 e.e 1996 s.eat466 e.ee959B e.e21 eo ~.et972 e.t267B2 

0.009652 .009525 e.eeetet e.eBe2s2 0. 8321 0.009847 8.018782 
II 

0. 2 65 @.0B3290 0.ee 619 .084 14 • 82982 .e120eb e. ~8333 

0.1 4S88 • 96724 8.1!7938 .l 5579 .87 19 0.138695 .1221 3 

C.olo\td. 
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---------------------------~li:~~.t.!.!L----------------------·------

1 g~1::_! tu E 

: Coi.: ' lig. 
3Cr.;c:t '.·es 
4 Ir::-. ! ot~. ":" ,, 

9 T~~.~~.inc.ft.~pp. 
~ ~~~~ ~ o~d id. 
:~ ~-r- ~ parE~ pd. 
!~ Le:~ 1 -r tits pd. 
'3 fi_;~- • p ~t·c 

:s : __ : ' r ~~. 

·- tE_ 1 :~e ·~~,s 
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ST UCTU E c F ~ DE A e 

SECT 5 Pvt.c. P ~.c. s.rll • C • · ~ s . E . I ,.. 

riculture 
Coil lig. 
Cr.pet rtgas 
Iron oth. in. 
Food,bev.~ tob.P 
Cot. text. 
nol,sil 

Jute 
Text.p.ir.cl. 

ood 
Paper 
Leather 
Rubber ~ pl. 
Petro.prod. 
Coal tar pd. 
Heavy ch. 
Fertiliser 
pai ts,pest.etc. 
Ce ent 

0 

~ 

~.e 15 "" 
r; 
L 

Ot ~mm .pd. I~ 11b 
e 

':Up, 

Rl ~ I t~t. ser I 

Z.C24:1 t: 
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T E - 3! cantd. 

Sec ors 

• A;nculture 
lig . .... ... 

1 '.gas 
4 Ire oth. in. 
5 F::c,be .& tob.P 
b Co" on text. 
7 ;:~1, silk etc. 
8 J~:e,~e r~ test ·.(~~~:: 

~ T 
4 -~~. i c .• app. ~.CL_!o 

1~ ~L:.~ l ·a d pd. 
11 Pa;er ~ paper pd. 
12 lE~ther ~ its pd. 
13 R-~~er ~ plastic 
14 Petrole prod. 
1" C:~~: tar pd. 
16 ~Ea y che icals 
17 ~--~iUser 

18 fa~-~s,re:t.et'". 
1 j ~.:·er·~ 

2: l'" ~" • Stee! 
2: 
LJ 

24 
25 t 10'" 

')L 
L'-

'"J ~~ rer 

"" £. '?~4-ri '"i4-y 

r -f\.2':: \ ___ !ltvi_?< _________________ ~ -----

Jr P~: ' w-~~~ sup. 
\' : ·.~pt.service 

3~ ~~ ~~t.sorv·ce ~ r~"' ~ n ~~-" e ~ ~~ -~• 

C4 ~ ~~~~~:-;i g 
3l c~~&or; ... ~~:~~ 

. . ' 

r ,. .. - .,,. 1"\l"'l .. 
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ICORs AND ELECTRICITY COEFFICIENTS:A MEASUREMENT IN 

THE INDIAN CONTEXT 

~ 

!.ESTIMATION OF ICORS :A SHORT OVERVIEW 

Capital-output ratios have been used in the Indian 

economic planning to estimate the amount of investment 

needed to achieve certain targets. The relationship 

between investment and incremental output has been used 

popularly in many growth models as a simplification of 

the conventional production function, assuming capital 

to be the binding contraint in the growth process. But 

in the actual use like most other aspects in economics 

any attempt to marry the theoritical conception with 

its empirical counter-part is an extremely difficult 

propositioq. 

Conceptually, the capital stock should be related 

to capacity rather than output generation. Also when 

capacity is a function of a number of variable of which 

capital stock is one of the determinants, the important 

question is whether we will be measuring partial 

derivatives i.e., marginal productivity of capital, or 

a total derivative. Popularly in growth models the 

attempt is made to relate changes in capital stock and 

changes in output without any reference to other inputs 

thereby implicitly assuming that the other factors 

always maintain the optimum technical relations. But 

even when capital-output ratio is ~~~mv~~in this limited 
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sense, two very important dimentions are to be taken 

care of (1) the gestation lag between the beginging 

of the investments in a sector and the time when the 

capacity is ready for production. This gestation lag 

varies very much from sector to sector, some times 

being as high as 7 to 8 years. Indeed if the gestation 

lad is ignored and the incremental capital output ratio 

1S estimated by the conventional method (with zero 

gestation lag) then the estimated !COR will always have 

an upward bias and the bias will increase with the 

increase in the rate of growth of income of that 

sector. (2) Secondly, the valuation of the capital 

stock and the output generated there from are also very 

important. If the price index of capital goods7 or to 

be more precise, the composite of contruction and 

capital goods, is higher than the price index of th<~ 

corresponding output then in every updating of the base 

the estimated !COR will increase in its value. 

Besides, in any economy where a large part of the 

capital investment is made 1n sectors mainly on welfare 

considerations, the incremental capital output ratio 

(!COR) would tend to be higher than one based on 

Lechnical consideration. Thus, the !COR that is 

estimated conventiona~ from observable series should 

not be taken as an index of capital productivity purely 

unconditionally. 
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II. OUR METHODOLOGY 

After having set the stage_we will step out to 

confront reality. We will try to calculate the ICORs 

of the 35 sectors{according to our classification 

described before) which figuresin the entire range of 

the Indian economy. Here we must confess that we are 

really going to calculate ICORs for 25 sectors (of 

which 23 fall under manufacturing; the other two being 

electricity and gas and water supply), which arc 

covered in the Annual Survey of Industries(ASI). The 

ICORs of the rest of the sectors will be either taken 

directly or derived from the Technical Note on the 

Sixth Five Year Plan of India. 

The figures that we have collected for our 

purpose have been taken from the Annual Survey of 

Industries for the different sectors for a time span of 

1973-74 to 1985-86. From the AS! data we have the 
1 

figure for fixed capital stock ( FK) , invested capital 
2 3 

stock ( IK) , net value added (NVA) and depreciation 

1. Fixed Capital represents the depreciated value of 
fixed assets owned by the factory as on the 
closing day of the accounting year. 

2. Invested capital is the total of fixed capital and 
physical working capital. Here physical working 
capital is defined to include all physical 
inventories owned, held or controlled by the 
factory as on the closing day of the accounting 
year. 

3. Net value added is the increment to the value of 
goods and services that is contributed by- the 
factory. 
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for the years 1973-74 to 1985-86. Adding NVA and 

depreciation gives us the gross value added(GVA). We 

can also:write 

F K (t + 1) F K (t) = GFCF (t + 1) 

[
fixed capital stoc~-\Fixed capital stoc~ 
in period (t+1) ] ~n Period (t) 

Similarly, 

(Gross fixe 
capital forma 
tion in (t+1) 

I K (t + 1) I K ( t) = G C F (t + 1) 

where GCF refers to gross capital formation. 

Then we can deflate the GVAs and GFCFs and GCFs to 

1978-79 prices using deflaters derived from the 

National Accounts Statistics. So now we have the GVAs 

and GFCFs and GCFs for 1974-75 to 1985-86 at 1978-79 

prices. The capital stock (both for fixed and invested 

capital) for the year 1973-74 is given at book value. 

The value for this year's capital stock has been kept 

as it is and capital formation (at 1978-79 prices)for 

other years can now be added successively to get the 

capital 'stock (both fixed and invested) in each year. 

A slight hitch remains with the initial capital stock 

(as it has not been deflated due to non-availability of 

appropriate deflator), but since it is a moderately 

long time series this would not create much of an 

aberration. So finally we have the GVAs and capital 

stocks at 1978-79 prices for the years 1973-74 to 1985-

86 and the GFCFs and GCFs for the years 1974-75 to 

1985-86. (this too at 1978-79 prices). 
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There are several methods of estimating ICORs. 

The Technical Note to the 6th five year plan has itR 

own version. It says to estimate the equation 

GCF(t) = a+ b [GVA (t + L) - GVA (t)J/L 

for different L (which is 
·,s 1'4 hi«t~t 

which R squared L and then 

the lag). Select that L for 

the coefficient b will be the 

estimated ICOR. Since data at our disposal is only for 

13 years and for capital formation it is only for 12 

years and since L (the lag) may vary from a few months 

to 7-8 years it is not sensible to use this equation in 

our case as this may lead to very few degrees of 

freedom. 

Otherwise we may divide each yea~s increment in 

GVA by that years increment 1n capital stock to get the 

ICOR for each year and then take out the average. Here 

there are two difficulties. One is that it does not 

take care of the lags, implicitly assuming that 

investment and correspon~ing outputs are simultaneous. 

Secondly, the year to year ICORs may vary wildly. We 

may take moving averages of GVA and capital formation 

to smoothen out the year to year fluctuations,but this 

may also lead to (in fact it did lead to as we 

attempted to use this method in some cases) madly 

fluctuating ICORs. On the face of this crisis we 

propose a much simpler method, which will hopefully 

stay clear of these anomalies. We can estimate the 

ICORs in --two ways. Let us denote invested-_capi~al or 



total capital stock at timet by TKS (t). 

1st way : Estimate TKS (t) = 
TheV\ d IKS~(t) _ 

d G.V~(I:.) 

~VAlt) 

a + b GVA (t) 

b = 1 toR. l Cha"'r.- i.... to..rit-nl 
c.; to c. K 1 c."'(Mo'\.r ; "' c. v A) 

= <A\ +- bl t. 
IKS(bJ = ~"l. + b1t 

dTKs(t) -= 
d ~VMt) 

o1. TKS(t) o(t = b1 l"Ttu.. , 
G..v Pt lt) J d. t bT 1 co~9JM 

We can choose any one of the two ways provided the R 

squared is high enough and T statistics are significant 

and there is no autocorrelation(which will be checked 

by using Durbin-Watson statistic). 

It is more advisiable to use the first way because 

it is a more direct approach. The obvious hitch in our 

method is that it does not take care of lags. As 

mentioned earlier, if we introduce lag in our method of 

estimation it may reduce the degrees of freedom by 

quite a bit and consequently the estimate may not be 

that reliable. Moreover, one may also point out that 

we have used changes in'total capital stock (which 

includes fixed capital as well as inventoris and 

physical working capital) and not changes in fixed 

capital, (which really goes onto enhance productive 

capacity). Since we are interested in measuring the 

capital formation requirements with increases in output 

and since inventories are generally proportional to 

demand (increases in which triggers off increases in 

output) our methodology which takes into account 

changes in total capital~ stock seems to be on the right 

t..rack. 

69 



III. RESULTS OF THE ESTIMATION OF ICORs 

After _having decided on th~ method we will carry_ 

on with it empirically. In most cases we have used the 

first way which has been described earlier. In few 

cases where there was some autocorrelation while we 

used the first way we changed over and resorted to the 

second way. Where R squared has not been reliably high 

in two/three sectors such was the case) we have 

dropped one or two observations, which seemed to be 

outliers, and then carried on with our estimate. In 

this way we have calculated ICORs for 25 sectors. Here 

it may be mentioned that we have used the computer 

software package TSP5 for our estimation. The ICORs 

for the remaining ten sectors has been either taken or 

derived from the Technical Note on the sixth five year 

plan. There the ICORs are given at 1979-80 prices. We 

have reduced them to 1978-79 prices using deflators 

derived from the National Accounts Statistics. The 

list of ICORs is given in table 4A. 

IV. ESTIMATION OF ELECTRICITY COEFFICIENTS 

As compared to our !COR estimation this is much 

simpler. In the A marix the jth element of the 29th 

row (one can check that sector number 29 according to 

our classification is the electricity sector) gives 

the amount of electricity in rupee terms needed to 

produce one rupee worth of -output of the jth sector 

(j=1,2, •••••• 35). 
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That is we have the electricity requirement per 

rupee worth of output in value terms but we have to 

reduce it to real terms. From the Pcwer Survey reports 

we have the total electricity consumption in million 

KWH for 1978-79. From the input-output transaction 

table for 1978-79 we can have the total electricity 

used, including both intermediate and final use, in 

lakh rupees which can be reduced to figures 1n million 

rupees. Dividing the electricity used 1n million 

rupees by the electricity consumption in million KWH we 

can have the impilicit price of electricity for that 

year. Now dividing the 29th row of our A matrix by 

this implicit price we will get the electricity 

requirements in KWH per rupee of output produced for 

every sector. This constitutes our e vector, which is 

reproduced in table 4B. 





ANNEXURE TO CHAPTER 4 

The preceeding four chapters saw the motivation of 

the problem, setting up of the model and generation of 

the relevant matrices for our empirical exercise. We 

may recall from the chapter on model that our linear 

programming problem consisted of minimising either 
-1 -1 

K V (I - A + W) E or e(I-A+W) E 

Subject to E ~ E ( 1 +r) 

& sZE 1 sF -sZF 

(where Z = (I - A) 
-1 

(I-A + W) 1 

We have taken four values of r viz. 0.25, 0.50, 0.75 & 

1.00 showing that in each successive case the export 

potential rises by 25%, 50%, 75% and 100% respectively. 

In four different scenarios of hypothetically expanding 

export potential we want to figure out India's optimal 

export - product mix if it tries to achieve a goal of 

balanced trade with minimum investment I electricity 

use. 

We have 35 variables (El,E2, .•••••••••• E35 in 

our objective function. And there are 36 constraints 

out of which one consists of the trade balance and 

other 35 consist of the limits to exports from each 

sector. Since potential exports are taken to be a 

certain fraction over and above the initial actually 

exports the exports of those commodities which had 

zero exports in initial period remains so in subsequent 

cases. They can be termed as non-exportables. After 

74 



having set the stage of empirical exercises we are now 

ready to solve our linear programming problems in each 

case. For this we have used the computer software 

package LINDO. The initial scenario1 and the final 

scenarios after the solving of the problems is given in 

tables 4C to 4J. The next chapter tries to provide 

explanations and interpretations of the results, some 

of which may appear a little too surprising. 

1. ~~ 
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TABLE - 4C 

Final Results of 
Invest1ent Kini1isation Exercise 

----------------------------~~~~~ -~~~ ~-~~~~~ = ~~~-~~~~ ~~~~~-~ ~-~~=~-_(~J o-k ~) 
Sectors E tFINAU X !FINAL! K !FINAL> 

1 Agriculture 106243 6866573. 43679.33 
2 Coal ~ lig. 151 2183384. 1943.141 
3 Cr.pet ~ N.gas 90831 185498.1 148978.6 
4 Iron ~ oth.Kin. 8696 25540.57 55423.85 
5 Food,bev.& tob.P 118757 1229319. 8851&. 97 
6 Cot ton text. 32455 688464.7 33.73477 
7 Nool,silk etc. 3771 315778.6 1484.159 
a Jute,help ~ •esta 6265 73887.70 11.82283 
9 Txt.pd.inc.w.app. 48051 262602.8 4464.248 

16 Wood ~ wood pd. 1681' 241!888.4 336.1238 
11 Paper & paper pd. 1857 274671.7 22248.41 
12 Leather ~ its pd. 46888 118447.1! 284.2728 
13 Rubber & plastic 5988 221873.9 1686.242 
14 Petroleu1 prod. 23158 283883.4 126612.8 
15 Coal tar pd. 0 54789.72 0 
16 Heavy che1icals 11!579 213446.1 32871!.78 
17 Fertiliser 3.5 131645.1 75959.25 
18 Paints,pest.etc. 52128 1180532. 68232.98 
19 Ce1ent 0 57626.36 2189.881 
20 Oth.non 1.1in.pd. 5747 384819.6 3657.835 
21 Iron &: Steel 18293 594422.9 86191.32 
22 Other 1etals 1833 193589.5 28844.83 
23 Ket.p.exc.1cn.&:tpt 54116 278823.3 3781.326 
24 Non el.aachinery 34525 715686.1 155631.2 
25 Elec.1achinery 15363 371564.9 47189.74 
26 Transport eqpt. 25223 688358.4 27616.49 
27 Other aan.lnd. 151811 288859.1! 27941.73 
28 Construction 8 1632941. 8 
29 Electricity 0 593077.6 8 
38 Gas &: water sup. 0 53827.38 0 
31 Rly.tpt.service 19244 364461.3 ll 
32 Oth.tpt.service 24304 1193885. 8 
33 St.~ Warehousing 0 19322.96 8 
34 Co11unication 8 1321!62.3 0 
35 Oth.services 148728 51!95779. M 

------------------------------------------------------------------------
TOTAL 1847881. IA47RRI. 
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TABLE - 4D 

Final Results of 
Electricitv Kiniaisation Exercise 

<when exp. potential increases bv 251} ( Rb.li).\J, ... ) 
------------------------------------------------------------------------

Sectors EIFINAU X I FINAL> KIFINAU 
------------------------------------------------------------------------

1 Agriculture 186243 6081855. 43789.36 
2 Coal &: lig. 151 2198679. 1956.824 
3 Cr.pet & N.gas 90831 185392.4 140898.2 
4 Iron ~ oth.Kin. 8696 25375.14 55063.84 
5 Food,bev.&: tob.P 155641 1267687. 91273.47 
6 Cot ton text. 22971.39 676638.0 33.15526 
7 Wool, si H etc. 3771 315651.1 1483.560 
8 Jute,heap & testa 8 67564.55 18.81832 
9 Txt.pd.inc.w.app. 48051 262522.9 4462.898 

11 Wood &: wood pd. 1601 240356.6 336.4993 
11 Paper &: paper pd. 1857 274876.9 22265.1113 
12 leather &: its pd. 46888 118436.8 284.2484 
13 Rubber &: plastic 5988 221944.8 1686.788 
14 Petroleua prod. 23158 283789.9 126578.3 
15 Coal tar pd. 0 54517.54 ll 
16 Heavy cheaicals 0 282845.4 31238.19 
17 Fertiliser 8 131903.1 76108.12 
18 Paints,pest.etc. 52128 1118712. 68244.19 
19 Ceaent 0 57622.76 2189.665 
28 Oth.non a.ain.pd. 5747 304863.4 3658.361 
21 Iron l Steel 0 583303.6 84579.13 
22 Other aetals 0 191831.8 28582.94 
23 Ket.p.exc.ach.&:tpt 54116 269766.3 3776.728 
24 Non el.aachinery 34525 716478.3 155882.0 
25 Elec.aachinery 15363 371527.8 47184.03 
26 Transport eqpt. 25223 680397.8 27618.26 
27 Other aan.Ind. 151811 287945.9 27930.75 
28 Construction 0 163288~. II 
29 Electricity 0 592516.1 8 
38 Sas &: water suo. 0 52955.21 I! 
31 Rly.tpt.service 19244 364253.5 I! 
32 Oth.tpt.service 24304 1193531. 0 
33 St.& Warehousin~ I! 19324.83 " 34 Coatunication 0 t~?ft/.?.7 A 

35 Oth.services 148720 5096383. ft 

TOTAL 1047027. I A47A?7. 
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TABLE - 4E 

Final Results of 
In·teshent IHniaisation Exercise 

----~~---------------------~~~~~-~~~~-~~~=~~~~~-~~~~=~~=~-~~-~~:~ __ {~.;~<'-~~) 
Sectors E tFINAU X !FINAL> "tFINAU 

1 Agriculture 127492 6823064. 43366.16 
2 Coal ~ lig. 181.5 2118329. 1885.313 
3 Cr.pet ~ N.gas . 188997 196437.3 149292.3 
4 Iron ~ oth."in. 18436.25 26282.42 57132.86 
5 Food,bev.~ tob.P e 1185785. 79618.82 
6 Cotton text. 38946 698391.8 34.22116 
7 Nool,silk etc. 4525 317159.7 1498.651 
8 Jute,heap ~ aesta 7518 74694.88 11.95185 
9 Txt.pd.inc.w.app. 57661 272281U 4628.762 

18 Wood ~ wood pd. 8 237895.4 333.8536 
11 Paper ~ paper pd. 0 272433.5 22867.11 
12 Leather ~ its pd. 31491 99381.84 238.5145 
13 Rubber ~ plastic 7186 221578.5 1683.997 
14 Petroleua prod. 27789 285873.9 127142.9 
15 Coal tar pd. 8 55175.39 8 
16 Heavy cheaicals 12694 216839.8 33393.33 
17 Fertiliser 4.24 138808.8 75472.06 
18 Paints,pest.etc. 62553 1112194. 68956.84 
19 Ceaent 0 57677.82 2191.757 
21 Oth.non t.ain.pd. 6896 386389.4 3676.673 
21 Iron ft Steel 12352 685888.1 87841.02 
22 Other aetals 1239 196963.8 29347.49 
23 "et.p.exc.ach.fttpt 64939 282260.1 3951.642 
24 Non el.aachinery 41430 717865.2 155972.4 
25 Elec.aachinery 18436 374922.9 47/.I~.?R 

26 Transport eaot. 30268 bft49:W. R ?7R'i7.7:1: 
27 Other tan.Ind. 182174 316498./. ~1\71\il."J..J.. 

28 Construction 1\ 11-."!.?1.91.. R 
29 Electricity 8 5911?/.R.I 1\. 

38 Gas ft Mater sun. R 'i~A77 71 A 

31 Rly.tpt.service 23892 368899.8 II 
32 Oth.tnt.sP.rvirP 1\ IIJ.4J.i17. 1\ 

33 St.~ liar ehouc; inn R 19~97.~7 A 

34 Coaauni(atinn 1\ n?nt c; A 

35 Oth.services 178464 ~11~71\7. A 

------------------------------------------------------------------------
TOTAL 1055763. jl\~"\7,1,~. 

------------------------------------------------------------------------
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TABLE - 4H 

Final Results of 
Investaent Kini1isation Exerci5e 

(when exp. potential increases~ by 75Il L . &kiM'\ 
--------------------------------------------------------------------~-- / 

Sectors E!FINAU X(FJNi\Ll K(FlNALl 

1 ligric.ulture 148741 6041297. 43923.78 
2 Coal ~ lig. 211 2115472. 1885.565 
3 Cr.pet ~ N.gas 0 136153.5 103663,4 
4 Iron ~ oth.Min. 0 23118.68 50190.42 
5 Food,bev.~ tob.P 0 1106518. 79992.25 
6 Cotton text. 45437 703897.0 35.19875 
7 Wool,silk etc.. 5279 3i8551.1 1512.556 
a Jute,heip & eesta 0 67385.84 10.78083 
9 Txt.pd.inc..w.app. 67271 281924.7 4791.836 

10 Wood • WOO~ pd. 0 232574.4 333.8268 
11 Paper ~paper pd. 0 273856.7 22273.22 
12 Leather ~ its pd. 0 6390!.93 158.7161 
13 Ruther & plastic. 8384 2227b0.4 1696.547 
14 Petroleum prod. 32421 288641.6 127457.6 
15 Coal tar pd. 0 55241.76 0 
16 Heavy chemicals 14810 220917.4 34198.30 
17 Fertiliser 4.95 13ii 93.6 75701. 6i 
18 Paints,pest.etc.. 72979 1128502. 70408.94 
19 Cement 0 57451.76 2198.145 
20 Oth.non t.tin.pd. 8845 387613.7 3731.194 
21 Iron lr Sbel 6962 6119293.9 88377.16 
22 Other ntals II 198717.1 29746.98 
23 Ket.p.exc.tch.&tpt 75763 2951!28.8 4228.833 
24 Non el.tachinery 48335 722888.2 155351.5 
25 Elec.aachinery 21619 377962.6 483111.48 
26 Transport eqpt. 35312 686722.5 28389.76 
27 Other aan.Ind. 212536 345084.11 33731.10 
28 Construction 8 1631972. 0 
29 Electricity 0 591949.b 0 
30 Gas & water sup. 0 53248.1ii 0 
31 Rly.tpt.service 0 345601.1 0 
32 Oth.tpt.service 0 1167334. 0 
33 St.~ Warehousing 0 19542.32 0 
34 Coaaunication 8 13274l.ii 0 
35 Oth.services 2118218 5154029. 8 

TOTAL 11115491. liH549!. 
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TABLE - 4! 

Final Results of 
Investaent "inilisation Exercise 

(when exp. potential increases by IIlli) lfb>-4\{~) 
------------------------------------------------------------------------

Sectors EIFINAU X IFINAU "IFINAU 
------------------------------------------------------------------------

1 Agriculture 42496.86 5928894. 42638.44 
2 Coal &: lig. 242 2188517. 1869.468 
3 Cr.pet &: N.gas 8 137688.3 184643.1 
4 Iran &: oth."in. 8 23293.16 58546.17 
5 Food,bev.&: tob.P ll 111!6771. 79687.51 
6 Cotton text. 51928 719373.7 35.24931 
7 Nool,silk etc. 6834 319985.5 1583.932 
8 Jute,heep &: 1esta 8 67906.46 18.86583 
9 Txt.pd.inc.w.app. 76882 291774.1 4968.168 

18 Wood &: wood pd. 8 239823.3 335.7527 
11 Paper &: paper pd. 8 275669.0 22329.19 
12 leather &: its pd. ll 63978.62 153.5487 
13 Rubber &: plastic 9582 225144.3 1711.897 
14 Petroleu1 prod. 37853 291923.8 138198.1! 
15 Coal tar pd. 8 55458.76 ll 
16 Heavy che1icals 16926 225751!.3 34765.55 
17 Fertiliser 5.66 128851.4 74347.38 
18 Paints,pest.etc. 83484 114531!3. 71188.84 
19 Cetent 8 57498.54 2184.944 
28 Oth.non 1.1in.pd. 9195 309795.7 3717.548 
21 Iron lc Steel 8 613282.6 88925.98 
22 Other 1etals 8 282182.8 31!113.33 
23 "et.p.exc.tch.&:tpt 86596 388976.5 4325.671 
24 Non el.eachinery 55240 728865.3 158452.2 
25 Elec.aachinery 24582 381615.8 48465.18 
26 Transport eqpt. 48357 612938.6 28194.88 
27 Other aan.Ind. 242899 373791.0 36257.72 
28 Construction 0 1632499. 8 
29 Electricity 8 593529.9 8 
38 Gas'&: water sup. 8 53457.51 8 
31 Rly.tpt.service 8 346477.2 8 
32 Oth.tpt.service 0 1178667. ll 
33 St.&: Warehousing ll 19787.26 ll 
34 Co1eunication 0 133561.1 0 
35 Oth.services 237952 5197713. 8 

TOTAL 1821373. 1821373. 



TABLE - 4J 

Final Results of 
Electricity "initi sation Exercise 

---------------------------~~~~~-~~~~-~~:~~:~=~-~~~~~=:~:-~~-~~=~-1_~--~k~AA) 
Sectors E IFINAU X IFINALl "IFINAU 

1 Agriculture 169989 6866171. 43670.43 
2 Coal ~ lig. I 2119859 1885.962 
3 Cr.pet ~ N.gas 143338 217319.2 165154.9 
4 Iron l oth."in. 13915 26637 57882.29 
5 Food,bev.~ tob.P 8 1182778 79399.44 
6 Cotton text. 8 652398 31.96711 
7 Nool,silk etc. 6834 318687.6 1497.831 
8 Jute,hetp ~ eesta 8 65891.5 11.41448 
9 Txt.pd.inc.w.app. 76882 291711.3 4959.126 

11 Mood ~ wood pd. 2562 236558.6 331.1718 
11 Paper l paper pd. 8 267746.9 21687.49 
12 leather l its pd. 75121 151994.1 362.3858 
13 Rubber l plastic • 215214.6 1635.638 
14 Petroleut prod. 37853 291399.9 129964.3 
15 Coal tar pd. • 54115.1 8 
16 Heavy cheticals 8 192357.8 29623.18 
17 Ferti 1 i ser 8 131474.9 75861.11 
18 Paints,pest.etc. 8 1123956. 63485.29 
19 Celent 8 57661.51 2191.199 
28 Oth.non a.ain.pd. 9195 384358.6 3652.217 
21 Iron f.: Steel 8 569525.4 82581.18 
22 Other aetals 8 186882.4 27833.55 
23 "et.p.exc.tch.ltpt 84216 288645.4 4141.835 
24 Non el.tachinery 55248 726121.6 157717.8 
25 Elec.tachinery 24582 378345.5 48149.87 
26 Transport eqpt. 41337 617144.6 28388.65 
27 Other aan.Ind. 8 145985.6 14161.68 
28 Construction 8 1631487. I 
29 Electricity 8 588841.2 8 
31 Gas & water sup. 8 52531.36 8 
31 Rly.tpt.service 38798 372714.7 I 
32 Oth.tpt.service 38887 1284542. 8 
33 St.~ Warehousing 8 19498.3 8 
34 Cotaunication 8 131342.1 I 
35 ·Oth.services 237952 5143111. 8 

------------------------------------------------------------------------
TOTAL 1845985 1145985 

------------------------------------------------------------------------
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CHAPTER 5 

RESULTS AND INTERPRETATION 



RESULTS AND INTERPRETATIONS 

We have- now reached the final- stages of our 

emperical study. Let us first spell out the results of 

the investment minimisation exercise. Later we will go 

over to the electricity use minimisation exercise. 

I. RESULTS OF INVESTMENT MINIMISATION PROGRAMME 

When our export potential increases by 25% the 

optimum exports of all sectors except food, beverages 

and tobacco(sector no.S) is carried up to the potential 

maximum. However, the optimum export of food, 

beverages and tobacco products not only fails to touch 

the potential level but is lower than the initial level 

too. When the export potential increases by 50%, the 

optimum exports of food, beverages and tobacco, wood 

and wood products, paper and other transport services 

fall to zero; optimum export of leather falls below the 

initial level. The optimum export of the rest of the 

sectors reach the potential maximum. This trend 

remains as our export potential broadens. Optimum 

exports of more and more sectors fall to zero with 

increasing exporting scope. We can see that in the 
or 

case L 75% increase i~ export potential; the optimum 

exports of food, beverages and tobacco, 1ron ore and 

other minerals, crude petroleum and natural gas, jute, 

wood, pape~, leather,rubber and plastics, iron and 

steel, other metal products, railway transport service 
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all fall to zero and export of agriculture does not 

reach it potential maximum. As export potential 

further bloats up and goes up by 100%, the results ar~ 

nearly the same as in the earlier case. This time the 

optimum export of agriculture falls even below th~ 

initial level. 

We may recall the our objective was to minimise 

capital formation requirements such that trade is at 

least balanced in a situation of limited export 

potential and given final demand. The results obtained 

point out to the fact that the direct and indirect 

capital requirements necessary for sustaining one unit 

1ncrease in the final demand (DIK) of those goods for 

which optimum exports qr~either zero or less than the 

potential level(the number of such goods increases as 

the frontier of export potential broadens) are 

relatively higher as compared to other goods. The 

surprising fact is that q~ite a few of these goods has 

been our traditional export items in which seemingly we 

had a historic comparative advantage.This means that 

the ICORs of these sectors and the pattern of inter 

industrial linkages make these sectors capital 

intensive althoughit may not appear so if we look just 

at their direct capital coefficients. Let us first 

ferret out the direct and indirect capital formation 

requirements necessary for sustaining one unit 

' increas H\ final -demand- ( DIK) and analyse our -results 

keeping this in view. 
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II. A THEORITICAL DIGRESSION 

From our chapter on model we know that to produce-

X vector of output the total capital stock needed is 

KVX • And the total capital formation for an increase 

in output of (X - X) is KV(X-X) ,where X is the initial 

vector of gross output of different sectors 
-1 -

Now, KVX = KV(I-A+W) (F+E) 

-1 
Let ( I-A+W) = Rll ••••.••••• Rln 

(hl'.Y..) 

Rn1 •••••••••• Rnn 

and (F+E) = Q = Ql 

So KVX = 

Qn 

KV R11 R12 . . . . . . . . J:Un 
R 2.\ Rll. Rl"' 

Rnl Rn2 . . . . . . . . Rnn Qn 

KV RllQl+Rl2Q2+ •.•••••• +RlnQ~ 
R2..\ Ql +R.l2Ql + , ~ .. +Rl"' Qk! 

;nl~l +~n2Q~+.: .. : ... -+R~n~J 
We know that KV = (KlV1,K2V2 ••••••.• KnVn) 

Therefore KVX = K1Vl (RllQl+Rl2Q2+ ••••••.•..•• +RlnQn) 

-\-1<2v2 (Rl\Ql tR2..LQ2.t .. +R21o. Q~) 
+· 

+KnVn(Rn1Ql+RQ2Q2+.~ •••••••••. +RnnQn) 

With a little manipulation KVX can be written as equal to 
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(KlV1Rll+K2V2R21+ •••••••••••• +KnVnRnl)Ql 
+(l<\Vl Rll. Ho ... \Jl.R2.t.'"' .. +l<n V1"1Rt\2.)Q2. 

-+- ~ 

+(KlV1Rln+K2V2R2n+ ••••••••••• +KnVnRnn)Qn 

The above expression is the total capital stock required to 

satisfy a final demand vector Q. Let us denote this total 

capital stock by B. 

Then B = ( ~ \<. i \j i Rl i.) Q\ +- ( 2: I< i \li R z.l.) Q 2. + ... ( ~ K iv i R~ i) 5 

Therefore dB 2 K i \fl R.l l ( \}- ~f I) 2. .. 3S") 
o&j 

(for all j=l,2 ••• n) 

Now dB 
<JQ· 

= Total increament in capital stock necessary 

) to sustain one unit increament in final 

demand. Obviously this is our DIK. 

The vector of DIK is then ( or>j2JQI; dBjdVlr asjJQ,V\ 
-1 

It can be checked that this is same as KV (I-A+W) This 

vector is reproduced in table -5A. 

III. POSSIBLE INTERPRETATIONS 

The theoritical digression provided us with the 

necessary tool to interprete our results. It can be 

seen that the DIK is highest in case of electricity 

which is not an exportable item. The sector with the 

next highest DIK is food, beverages and tobacco. When 

Lhe export potential increases by 25%, the optimum 

export of this sector falls below initial level proving 

Lhat in order to save capital we have to cut down the 

export of this item (domestic demand being same as 

before). Sector 32 (other transport services) has the 

next highest DIK. As the export potential broadens and 
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TABLE - 5A 

Sectors 

1 Agriculture 
2 Coal ~~ 1 i g. 
~ Cr.pet & N.gas 
4 Iron & oth.Min. 
5 Food,bev.& tob.P 
6 Cotton text. 
7 Wool,silk etc. 
8 Jute,hemp& mesta 
9 Txt.pd.inc.w.app. 

10 Wood & wood pd. 
11 Paper & paper pd. 
12 Leather & its pd. 
13 Rubber & plastic 
14 Petroleum prod. 
15 Coal tar pd. 
16 Heavy chemicals 
17 Fertiliser 
18 Paints,pest.etc. 
19 Cement 

DIK 

KV ( I-A+W> ·····-1 

4.317148 
4.278422 
2.56771121 
1.436464 
5.323556 
3.644891 
3.166961 
4.321925 
2.563279 
4.933664 
4.654909 
4.73~705 

3.098703 
1.980368 
1.755990 
3.164527 
1.953835 
3.400006 
2.834687 

20 Oth.non m.min.pd. 3.599758 
21 Iron & Steel • 3.51312119 
22 Other metals 3.483196 

24 

26 
27 
28 
29 
30 

Met.p.exc.mch.&tpt3.3312161214 
Non el.machinery 2.483321 
Elec.machinery 2.345890 
Transport eqpt. 2.966384 
Other man.Ind. 2.495762 
Construction .2.017620 
Electricity 7.157967 
Gas & water sup. 3.956829 

31 Rly.tpt.service 4.32121397 
Oth.tpt.service 5.228675 
St.& Warehousing 1.938919 
Communication 5.995189 

32 
33 
34 
35 Oth.services 2.039352 
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goes up by 50%, export of this sector falls to zero 

alongwith food, beverages and tobacco. Exports of wood 

and paper also become zero. Their DIK is also 

relatively high and next only to food, beverages and 

tobacco and other transport services. This trend 

continues with increasing export potentials and optimum 

exports of those commodities having higher DIK either 

falls to zero or does not reach their potential 

maximum. One 

frontiers the 

goods fall to 

can see that with broadening of export 

optimum exports of a larger number of 

zero. This is natural because as the 

scope for exports rises there is more scope in 

specilisation that is one can concentrateonexport of 

those commodities whose DIK is relatively low and cut 

down the exports of goods having relatively high DIK. 

We can see that many of our traditional export 

products <like food, beverages and tobacco which 

includes tea, jute,leather etc.,) have relatively 

higher 

should 

DIKs. Our optimum solution suggest that we 

cut down the export of these items to save 

scarce capital resources. However there is a hitch in 

our argument. Till now we have not looked into the 

employment aspect. Many of our traditional export 

items are labour intensive. Had we introduced an 

employment 

tune with 

target, then we could have got results in 

our traditional experience. . But this 

defending of exports of traditional items on the 
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employment front can also be countered. Our results 

show that we can save capital resources by bringing 

down exports of these items and concentrating on other 

sectors. The capital which is thereby freed can be 

channeled into other sector to generate more output and 

employment. 

deeper. 

Let us look into this aspect a little 

We will now look into the optimum additional 

capital formation required to achieved our target. The 

table-~\ enlists the capital formation requirements. 

In the initial year (i.e. 1985-85)the gross 

capital formation 

export potential 

additional export 

was 

rises 

we 

Rs.5324000 

by 25%, 

need an 

lakhs. 

to 

When 

sustain 

the 

the 

formation of Rs. 5"3510\ lakhs 

additional capital 

over and above that 

capital stock requirements in the initial period. Now 

the moot point is whether we can garner such amount of 

additional funds to achieve our target of trade balance 

at minimum capital cost. However, it must be noted 

~hat as our export potential bloats up the required 

additional capital formation goes down and it even 

becomes negative as export potential rises by 75% and 

above. What everything boils down to is that provided 

our scope for exports rise sufficiently we can achieve 

our target with very little additional capital 

formation. But all this is possible in our ideal 

hypothetical framework. In hard reality there is great 

problem in shifting capital (especially fixed) from one 
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TABLE - ~. \ 

Results Of 
Inve~hent ~ltvlinlisation ex-E>rcise 

When ExpDrt Ajd:.Capital Formation 
Pot enti .3: ·~:e qJ i r E111ent s 

"'}C' .... 
L.JI, 

501. 

jt"l,' I.,_,,, 

535tet 

174283.0 

-6941.76 

-168251. 



sector to anotherin order to change the product mix to 

-our advantage. However, our results show the genera~-

direction in which we should concentrate our productive 

ventures. 

IV. RESULTS OF ELECTRICITY USE MINIMISATION EXERCISE 

We will now turn to our second linear programming 

problem and spell out the results briefly. 

When export potential jumps by 25%, the optimum 

exports of jute, fetilizer, iron and steel and other 

metals fall to zero and the export of cotton textiles 

falls below the initial level. Exports of all other 

sectors reach the potential maximum. When ou:t export 

potential further swells up and rises by 50%, we find 

that optimum exports of cotton textile, jute, heavy 

chemicals, fertilizers, iron and steel, and other 

metals all fall to zero. And export of food, beverages 

and tobacco fails to reaCh its potential maximum. As 

before in investment minimisation exercise this trend 

continues. As our scope for export goes up in all the 

sector~ we can specialise in more productive sectors 
or 

and bring down exportslless productive ones. 

V. INTERPRETATION OF THE ABOVE RESULTS 

We may again recall that this time our objective 

was to minimise electricity costs such that trade is at 

least balanced in a situation of limited -export 

potential and given final domestic demand. As before 



the results again point out to the fact that the d.i;q~.ct 

and indirect electricity inputs necessary to sustain 

one unit increase in final demand (DIE) of those goods 

for which the optimum exports of either zero or less 

than the potential maximum or relatively higher as 

compared to other goods. Again the surprising fact is 

that some of these goods are our traditional export 

items. Before pondering over this fact let us find out 

Lhe DIE for each sector. 

Drawing analogy from the calculation of DIK we can 
-1 

say that the vector of DIE is e(I-A+W) ,where the 

notations have the same meaning as described in the 

chapter on model. The vector DIE is given in table-58. 

From the table it is apparent that the DIE is 

highest in the sectors-gas and water supply, 

electricity, and cement<none of which are our 

exportables). Among the exportables DIE is relatively 

high in other metal products, followed by jute, cotton 

textiles, fertilizers, iron and steel and food, 

beverages and tobacco. 

When we resort to electricity minimisation 

programme we can expect a cut down in the optimum 

exports of these sectors. Predictably results toe this 

line. Among the sectors having relatively high DIE, 

there are rna ny of our traditional export items like 

jute,cotton and food, beverages and tobacco (which 

includes tea ) • As before in the investment 



TABLE - 5B 

Sectors-

1 Agriculture 
2 Coal g, 1 i g. 
3 Cr.pet & N.gas 
4 Iron & oth.Min. 
5 Food,bev.& tob.P 
6 Cot ton te:-: t. 
7 Wool,silk etc. 
8 Jute,hemp& mesta 
9 Txt.pd.inc.w.app. 

10 Wood & wood pd. 
11 Paper & paper pd. 
12 Leather & its pd. 
13 Rubber & plastic 
14 Petroleum prod. 
15 Coal tar pd. 
16 Heavy chemicals 
17 Fertiliser 

DIE 

e < I-A+l.oJ> -···--r 

0.027724 
0.069554 
0.002108 
0.012403 
0.063907 
0.074292 
0.049744 
0.079026 
0. 033921 . 
0.039384 
0.059598 
0.046073 
0.055845' 
0.010668 
0.037304 
0.090111 
0.075613 

18 
19 
20 

Paints~pest.etc. 0.050672 
Cement 0.141549 
Oth.non m.min.pd. 0.024320 

21 Iron & Steel 0.063595 
.-"\•1 
LL 

23 
24 
25 
26 
27 

Other metals 0.107299 
Met.p.exc.mch.&tpt0.049721 
Non el.machinery 0.034698 
Elec.machinery 0.038223 
Transpott eqpt. 0.038238 
Other man.Ind. 0.052271 

::?8 Construction 
::-~ 9 E 1 ec t r i c: i t y 

0.040335 
0.-.302400 

30 Gas 81. ~-.~ater sup. 
31 Rly.tpt.service 

Oth. tpt. set-vice 
St. 8.~ vJarehousi ng 
Communi. ca.t ion 

77 ._ ... _:. 

34 
Oth.servi.ces 

0.353250 
0.045108 
0.013721 
0.080069 
0.008508 
0.019556 
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minimisation exercise the results surprisingly point 

out that tradtionally we have been indulging in 

erroneous exports. Probably an introduction of 

employemnt target into our exercise can alter the 

results and bring it in tune with the traditional 

pattern. 

VI. AN OBSERVATION REGARDING GEMS AND JEWELLERIES 

An interesting point is to be noted here. 

Recently, gems and jewelleries has been India's most 

buoyant export item. Gemsand jewellery comes under the 

sector : Other manufacturing industries. Here it must 

be stated that lack of adequate information precludes 

us from knowing the share of gems and jewelleries in 

the sector : other manufacturing industries. Hence, 

the observations and interpretations that follow 1s 

really notional. The results of our linear programming 

problem show that when export potential rises by 25% 

and 50% export from the sector is optimally carries 

upto the potential max1mum. But when the export 

potential goes up by 75% in all sectors, optimum export 

from this sector falls short of potential level. And 

when our export potential bloats up by 100% the optimum 

export of this specific sector is zero. This points 

out to the fact that when the scope for exports in all 

sectors rise greatly (say 100%) then, gems and 

jewelleries 

electricity 

doe~ not seem to be effective in_ sav1ng 

costs. But from a realistic view point 
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since our export potential is unlikely to rise by that 

-much there is certainly great advantage in increasing 

the export of gems and jewelleries. Moreover, this 

sector is also capital saving which is corroborated by 

the fact that in our investment minimisation programme 

the optimum export from this sector has always been at 

the potential maximum. 

VII. RESULTS OF ONE MORE EXERCISE WITH NO INCREASE IN 

EXPORT POTENTIAL 

At this juncture we may ask what the ideal export-

product mix will be if we carry out the investment 

/electricity use minimisation programme in a situation 

where there is no increase in the export potential 

(meaning thereby exports from each sector can be no 

more done the exports from those sectors in the initial 

year),and where we want the trade deficit to be no 

larger than the deficit in the initial period. Here it 

may be noted that a balanced trade is obviously not 

feasible 1n this case with no increase in export 

potential. 

Such a linear programming exercise 1n case of 

investment minimisation gives the following results. l1(l\,-lt..·.( 
-'H·l 

'·'I) 
The optimum exports of all except food, beverages and 

tobacco are same as in the initial year. The optimum 

export of food beverages and tobacco are much lower 

(in fact nearly half) of the initial export. This 

further proves that since the DIK is highest in this 
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TABLE - 4L 

Final Reiults of 
Investaent ainiaisation exercise 
With no increase in export potential 
And trade deficit no larger than 
In the initial period (IQ. . ..to.k~~ _______________________________________________________________________ ) 

Sectors E X " 

1 Agriculture 84994 5995775. 43592.73 
2 Coal &: lig. 121 2133273. 1981.431 
3 Cr.pet &: N.gas 72665 172821.4 138972.2 
4 Iron &: oth.Kin. 6957 24611.88 53438.23 
5 Food,bev.&: tob.P 64944 1178979. 84652.25 
6 Cotton text. 25904 677166.6 33.62324 
7 Wool,silk etc. 3817 314318.4 1492.382 
8 Jute,hetp&: testa 51H2 71228.113 11.39424 
9 Txt.pd.inc.w.app. 38441 252465.1 4291.115 

18 Wood &: wood pd. 1281 237897.2 331.7598 
11 Paper &: paper pd. 1486 278949.6 22836.79 
12 leather &: its pd. 37518 187418.3 266.7999 
13 Rubber &: plastic 4791 218185.7 1661.096 
14 Petroleua prod. 18526 276837.7 12371!5.9 
15 Coal tar pd. 8 54283.88 8 
16 Heavy cheaicals 8463 286911.6 321U0.18 
17 Ferti 1 i ser 2.8 138193.8 75124.19 
18 Paints,pest.etc. 41712 1877984. 67252.86 
19 Ceaent 8 57414.~8 2196.715 
28 Oth.non 1.1in.pd. 4597 31H538.6 3657.528 
21 Iron &: Steel 8234 576985.8 83679.31 
22 Other aetals 826 188679.7 28244.44 
23 "et.p.exc.ach.&:tpt 43293 253772.3 3636.799 
24 Non el.aachinery 27628 781972.8 151842.1 
25 Elec.aachinery 12291 367232.5 46929.26 
26 Transport eqpt. 21178 591834.5 27615.88 
27 Other aan.Ind. 121449 258989.1 25386.98 
28 Construction 0 1628829. e 
29 Electricity 8 583862.4 0 
38 Gas &: water sup. 8 52574.85 8 
31 Rly.tpt.service 15395 357854.9 8 
32 Oth.tpt.service 19443 1177889. 8 
33 St.&: Warehousing 8 19853.89 8 
34 Coaaunication 8 138593.2 8 

118976 5824664. 8 
------------------------------------------------------------------------

Total 808178.8 HH5894. 
------------------------------------------------------------------------
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TABLE - 4K 

Final Results of 
Electricity tinitisation exercise 
Nith no increase in export potential 
And trade deficit no larger than 
In the initial period (IU.. tn.L:.~ 

------------------------------------------------------------------------ ) 
Sectors E X 1'1 

------------------------------------------------------------------------
1 Agriculture 84994 6814129. 43726.18 
2 Coal & lig. 121 2151739. 1917.898 
3 Cr.pet & N.gas 72665 171969.6 138932.7 
4 Iron ~ oth.l'lin. 6957 24483.86 53154.28 
5 Food,bev.& tob.P 114626 1222633. 88386.39 
6 Cotton text. 8 644788.6 32.81161 
7 Nool ,silk etc. 3817 313971.6 14111t 774 
8 Jute,heap& testa, 8 66253.34 18.59964 
9 Txt.pd.inc.w.app. 38441 252399.2 4289.995 

18 Nood & wood pd. 1281 237439.5 332.2388 
ll Paper & paper pd. 1486 271289.8 22857.89 
12 Leather & its pd. 37518 187389.8 266.7292 
13 Rubber & plastic 4791 218198.8 1661.815 
14 Petroleua prod. 18526 276855.6 123713.9 
15 Coal tar pd. 8 53986.69 8 
16 Heavy cheticals 8 198238.7 38686.37 
17 Fertiliser 0 1311521.2 75313.61 
18 Paints,pest.etc. 41782 1877847. 67248.49 
19 Cetent 0 57414.21 2196.718 
28 Oth.non 1.1in.pd. 4597 381654.1 3659.826 
21 Iron & Steel 8 568143.3 82488.32 
22 Other tetals 8 18nt9.1 281148.77 
23 Het.p.exc.ech.&tpt 43293 253725.0 3636.122 
24 Non el.aachinery 27628 783817.9 151267.1 
25 Elec.tachinery 12291 367211.4 46926.56 
26 Transport eqpt. 211178 591985.5 27618.48 
27 Other aan.Ind. 121449 258819.8 25298.17 
28 Construction 8 1628849. II 
29 Electricity 8 582537.3 I 
38 6as & water sup. 8 52487.85 8 
31 Rly.tpt.service 15395 356991.9 8 
32 Oth.tpt.service 19443 1178216. 8 
33 St.& Warehousing " 191154.24 8 
34 Coaaunication " 138599.5 0 

118976 5824995. " ------------------------------------------------------------------------
Total 889359 1816273. 

------------------------------------------------------------------------
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sector among exportables it is better to cut down the 

exports of this sector if we want to save capital 

resources. 

In the case of electricity minimisation programme 

in a situation where there has been no improvement in 

the export potential and where trade deficits are no 

larger than that in the initial period; the results are 

1 
as follows. Optimum exports of cotton, jute, heavy 

chemicals, fertilizers, iron and steel, and other 

metals all fall to zero while that of food, beverages 

and tobacco fall below the initial level. As noted 

earlier this sectors have relatively high DIE as 

compared to other sectors. So any electricity saving 

exercise will try to bring down exports of these 

sectors. 

These two exercises show that even in case of no 

improvement 1n export potential we can save capital and 

electricity by cutting down exports of many traditional 

items without any further increase in deficits. 

oq 
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SUMMARY AND .CONCLUSIONS 

As we draw to a close of our study let us have a 

brief look at what we have done. We have tried to 

figure out the optimal export-product mix while trying 

to minimise the capital formation/electricity use 

requirements in reaching a target of balanced trade in 

a situation of limited export potential and given final 

domestic demand. 

exercises are 

As discussed in the first chapter our 

really important given that we are 

facing a) a resource problem simultaneously 

domestically and b) a foreign exchange problem; while 

political situation would not permit any reduction in 

final domestic demand. In the previous chapter we have 

discussed the results of our empirical exercises and 

the possible interpretations. What we have strangd.y 

noted is that some of our traditional export items are 

not effective in savin~ investment or electricity 

costs. So, ideally exports of these should be brought 

down to achieve our target. For example, food, 

beverages and tobacco, which includes tea have the 

highest DIK among our exports. Similarly, the DIE is 

very high 

traditional 

in jute, 

export 

cotton, etc., Apparently the 

bias in these commodities are 

reason for our high capital and electricity costs.Here 

it may be said that both DIK and DIE were measured from 

-observed capital formation and electricity use. The 

high measure of some of the DIKs and DIEs may be due to 
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obsolete technology, under utilisation of capacity and 

sheer inefficiency in input use. This seems to b~ _ 

especially true for some sectors like jute, cotton, 

etc., Perhaps modernisation efforts can bringdown 

capital\electricity costs per unit of output in these 

sectors and make them attractive exportables. However, 

our calculations based on an observed series show that 

these sectors are relatively inefficient, (at least 

realised performance wise)in recent years, and hence 

exports of these sectors should be cut down to reach 

our goal. 

The question of whether our target of trade 

balance is feasible has to be tackled on two fronts. 

Firstly, this feasibility depends on expanding export 

frontier. Whether we have marketing and other 

mechanism to expand the export potential so that our 

target 1s achievable is a debatable point. We have 

hypothetically assumed that we can, but reality may not 

be that rosy. The second point which has to tackled 

~s that whether we can acquire enough capital resources 

required for the additional capital formation and 

generate enough electricity to achieve our target. Our 

anal~is on the additional capital requirements show 

that we definetly can garner such additional capital, 

simply because they are not much, especially when there 

is a large increase in our export potential(then we can 

carry on with very little or infact negative additional 
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capital formation). Regarding electricity generation 

capacity we can say that in the case of capital 

formation minimisation exercise, the required 

production of electricity in subsequent cases of 

expanding export potential is a little higher than the 

production of electricity in the initial period. 

Hence, one can say that this generation of electricity 

is achievable with modest efforts. And in the case of 

electricity 

production 

minimisation exercise the required 

of electricity falls with successive 

expanding export horizons. In fact, the required 

production of electricity comes below the initial level 

when export potential jumps by 75% and above. 

All these show that our target, provided of course 

the assumed increase in export potential takes place, 

is feasible. 

Next comes the quest~on of practicability. Our 

optimal solution suggests to cut down export of many 

traditional items. But most of these items are labour 

intensive. A cut down on the export\production of 

these items means a pruning of the labour force. 

Whether this labour force can be absorbed in other 

sectors where capital has been channelled cannot be 

predicted with reasonable accuracy. It would have been 

more prudent on our part to introduce an employment 

target in our exercises. 

of many sectors and 

But_la~k of employment data 

limited scbpe of our study 
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precludes us from indulging in such exercises. We can 

say that in terms of social and political reaction it 

is very difficult to cut down employment in certain 

sectors when there is no guarantee that they will be 

absorbed in other sectors. Moreover, in reality there 

~~~great technical difficulties in diverting capital, 

especially fixed, from one sector to another because of 

the non-shiftability of its character. For example, 

one cannot just pull out machines from a jute mill and 

fit· into a gems and jewellery work shop. Hence, 

unfortunately, there is a question mark on the 

practicability of our target. 

Nevertheless our whole analysis points out to the 

direction in which our efforts and new additional 

capital formation should be channelled. As India grows 

up as an economy it should come over the traditional 

bias of certain sectors and venture out into less 

traditional but more fruitful areas. If however, the 

high capital or energy coefficients of some of the 

traditional exports sector are attributable to the 

inefficiency 

and their 

of the existing units of these industries 

out-moded state of technology, it may be 

possible and necessary to modernise them and restore 

their position among attractive export items. 

\0~ 



BIBLIOGRAPHY 

1. Ackl&y G. Macroeconomic Theory 
Macmillan,New York. 1961. 

2. Adler John H. "Fiscal Policy in a Developing 
Country". in Agarwala A.N. & 
Singh S.P. (ed.) Accelerating 
Investment in Developing 
Economies. O.U.P. ,London,1979. 

3. Bardhan P. The Political Economy of Development 
of India.O.U.P. ,Delhi 1986. 

4 . Baumal TJ.J. Operation 
Analysis. 

Research and Economic 
Prentice Hall,Nev Delhi.1987. 

5. Bha"wati J.N. 
& Desai P. 

India : Planning for 
Industrialisation.O.U.P. ,London.1970. 

6.Bose D.I<. Energy Economics. ICSSR,Nev Delhi.1989. 

7. Brahmananda P.R. & Development Process Of 
Panchmukhi V.R.(ed.) the Indian Economy.Himalaya Pub. 

Bombay. 1987. 

8. Charaborty S. Capital and Development Planning. 
Cambridge ; M,I.T., 1960. 

9. Chakraborty S. Development Planning : The 
Indian Experience.Oxford,Clarendon Press.1987 

10. Charaborty S. Logic of Investment Planning.O.U.P. 
,London.1976 

11. Chaudhuri P. The Indian Economy - Poverty 
and Development.Vikas,Nev Delhi. 1978. 

1 2 . Chitale V.P. Capital -Output Ratio in the 

1VC.S.o. 

14/c.s.o. 

Indian Economy. Radiant; New Delhi. 1986. 

Annual Survey of Industries ( Summary 
Results for the Factory Sector ) 1973/74 to 
1985j86.Ministry oL Planning,G.O.I. 

Basic Staistics Relating To The Indian 
Economy. 1988. 

104 



1b c.s.o. Input - Output Transaction Table , 
1978/79. 

16.~.s.o. National Account~ Statistics, 1980-81 
to 1986-87. 

17. Dorfman,Samuelson 
and Solow Linear Programming and Economic Analysis. 

McGraw-Hill,New York.1958. 

18. Fisher C. Energy Crisis in Perspective. 
Wiley International. 1974. 

19. Gandhi V.P. Tax Burden on Indian Agriculture 
Harvard Law School. 1966. 

20. 

21. 

2 2 . 

Ghosh A. 

Ghosh P.K. 
( ed.) 

Kaldor N. 

Mystery of a Declining Capital
Output Ratio. E.P.W. Nov. 18, 
1989. 

Energy Policy and Third World 
Development. Green Wood Press, 
Connecticut. 1984. 

Taxation for Economic Dev
- elopment. Journal Of Modern 
African Studies, (1,1) 1963. 

2 3. Kirk G. ( ed.) Schumacher on ~·Energy: 
Speeches & Writings.Jonathon 
Cape,London.1982. 

24. Koutsoyiannis A. Theory of Econometrics. 

25. 

26. 

2 7. 

Kundu A. 

Leontief W. 

Little,. Scitov
. s-ky· and Scott 

Macmillan,London. 1987. 

Input-Output Framework and 
Economic Analysis. 
K.B. Publications, New Delhi 
1976. 

Input-Output· Economics. 
Oxford University Press, 
New York. 19 6 6. 

Industry and Trade In Some 
Developing·Countries . 
A Comparative Study. 
O.U.P. ,London.1970 . 

.. !05" 



28. 

29. 
v 

30. 

,Heier P. 

Ministry of 
Finance,G.O.I. 

Parikh J.K. 

Energy Systems Analysis. 
T.E.R.I.New Delhi.1987. 

Economic Survey. 
1987-88,1988-89,1989-90. 

Energy Systems & Development 
Oxford University Press, 
Delhi. 1980 

Perspective Technical Notes on the Sixth 
Plannine Div., and Seventh Five Year Plans. 
Planning 
Commission,G.O.I. 

3~Reserve Bank of India. Report on Currency and 
Finance (1986-87). 

33. Shankar U. 

34. Singer H. 

35. Sodersten B. 

Industrial Policy of India 
The Nature and Growth of the 
Public Sector in J.S. Uppal 
(ed.) India's Economic Problems 
McGraw Hill,New Delhi. 1978. 

Deficit Financing of Public 
Capital Formation' in Agarwala 
& Singh (ed.) Acceleratine 
Investment ~n Developing 
Economies.O.U.P., London. 1979. 

International Economics. 
Macmillan,London.1972. 

36. Surrey H. (ed.) Macroeconomic Themes. 

37. Thirlwall A.P. 

38. Todaro M. 

Oxford,O.U.P.1977. 

Growth and Development 
special reference to 
Economies (Third Edn.) 
London.1983. 

with 
Developing 
Macmillan, 

Struggle for Economic Development. 
Longman,New York.1983. 

106 


