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Optimal Technique in Multi-Sector Economy

TE:E criterfon of surpina’ has been
widely advocated in recent dls-
cusslons concernlng th optimal

Ajit K Biswas

newly employed labour in the pro-
duction of {nvestment good. The new
investment good.q produced (meglect-

cholce of 1 nt for
economic development In moab
cases?, arguments relate to macro-
economic BggTegates ltke national

ing rep), ) may be
used in the next PerIod to augment
the production of consumption good,
leading to a process of growth,

{ncome, investment, , eto,
ar else to individurl economic entitles
{n isolation from the rest of the eco-
nomy. Both of these fafl ta reveal
the (nter-gectoral relationshipg fn the
economic system. Ii seems there i3
8 gap hers which badly needg being
flled.

Optimal Technlque iz & Shuple
Economy!

Let us conglder the case of & closed
ecanomy producing one consumption
good with the ald of primary tactors
of productlon and gn investment
good. The investment good in its
turn 1g suppased to be producible by
means of only primary factors of
production. We shall also assume
that a uplt of inveatment good pro-
duced during the current perlod i

avallable for use fn the production:

of consumption good only in the next
period. Evidently investment good
which i3 being produced today can-
not slmultaneoualy be used for the
production of consumption good;
hence this unit period time-lag. The
crucal factor for economic develop-
ment in guch an economy {3 the
maximum amount of surplus avail-
able from the production of con-
sumption good (Le, the excess of

production of consumpton good over.

consumption of those epgaged In ta
production) which in a plabned eco-

¢l ly what {s essen-

tial to get the economy growing is

that thera must be a positive surplus

of consumption good over the con-

sumption of those who are responsi-

ble for its production. It can ba

ghown rigorously that (n our postu-

lated economy, the grawth of output

of consumption good will be given by

Oc(t) = 0¢(0) [1+pi (pe—w)/w]t

........ e ()

where

Oc(t) = output of corsumption good
In perfod t

0Oc{0) = output of consumption good
in initial perlod ‘O’

pe = productlvity per unit of labour
ot the consumption good

pI = productivity per unit of labour
of the nvestment good (whers
the investment good unit s so
defined 83 to make investment
good/labour ratio in the produc-
tion of consumption good 1:1)

W = real wage Tate per unit of labour
measured in consumption good
unity (assumed to be the same
for both the sectora), &ll ot
‘which s supposed here to be
copaumed in the current period

Evidently pc and pi are parameters
which are fixed for any given tech-
nique relating to tha production of
and investment goods,

nomy s ideally 11 to teed

1. The preclse meanlog of the word
surplus ag used here will be clarified
in the following discussion.

% See, for instance, M. Dobb, “A
Note on the Bo-calied Degree of
Caplta) Intenslty of Investment in
Under-developed Countries”, in  On
Economle Theory and I

It is geen that if pc=w (no surplus
condltion) then Oc(t) =Oc(o), te.
thers is no change in the output of
consumption goods over time and
that agrees with what we should in-
tuitively expect, Further, it may be
verified that in our simple system,
the production of {nvestment good,
labour employed {n the production of

London, by the author.

Also, Galenson and Lefbenstetn,®

“Investment Criterla, Productivity
and Economic Development,” ths
Quarterly Journal of Econormles,
Vol. 69, 1955,

1, The assumptions and line of argu-
menta leadlng to thg results (n this
secton constitute part of a more
comprehensive papar by the author,

and t goods
—all grow at the rate given by
T = 14pi(p—W)/W.

Corresponding to each of any ﬂnuo
number of techniques, 1, 2,.
we get a palr, pc and pi. Denoung
by pe and pij the productivities per
unit of labour of consumption good

and Investment good respectively

assoclated with fib technique and re-
garding for the moment thaf real
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wage rate 1 the same for all technl-
ques, we ¢an write =pi] (P—Ww)/W
to denote the rate of growth result-
iog from the jii, technique. Now
the r’'s can bs arranged on & gcale
glven by Iy B Cuvnnannnnnn ra.
If the equality relatlonship holds for
apy pair of r's, then it 1s evidently
a matter of indifference from the
polnt of view of maximising the rats
of growth which techrique we choose.
On the other band, if on looking
across the acale of rs, there fg found
a last rj which {s higher thanp ita
predecessors, we chooge the technl-
que §. The above may be summed
up In one sentence—among the
array of r's corresponding to & finite
number of techniques, choose the
maximum for that maximises the
rate of growth of output.

There 18 no pecessity that the real
wage rate w must be regarded aa the
same for all techajques, nor is thers
any need to assume that real wage
rate is the same fn both consumption
and {nvestment good sectors. It s
necessary, however, to regard real
wage rate ag functionally (ndepen-
dent of output. Since fixed coefclents
of productfon are assumed, any in-
teresting observation regarding real
wage rate should be based on the
conditions of lavour supply in the
economy. I do pot intend to go into
those details here,

We Introduce two additional nota-
tions we¢j and Wi to indlcate real
wage rate in consumption and invest-
ment goods corresponding to the jth
technique. The rate of growth of
output corresponding to the jtb tech-
pique {s now given by rj = pij (pe—
wei)/wij.  Again, maximisation of
the rate of output implies the choice
of maximum r and heace the corres-
ponding technigue,

Coming back again to the case
where real wage rate {g conaidered
the same for all techniques and for
both the sectorg of consumption and
investment goods, we find that !n
case of two techniques 1 and 2 such
that pi,>Pi, 2&od Pe,>Pe, it neces-
sarily follows that r;>r. This i3
rathor a singularly uninteresting
case. Evidently 8 techn!qus which
implies increased productivity tn both
the sectors ls decldedly a better one,
Question of real cholce arises when
Pl,<Pi, apd Pe,>Pe. Thus tech-
nique 2 ensures increased labour pro-
ductivity -in the consumption good
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ssctor at ths cost of lower producti-
vity In the Investment good sector.

The magnitude of real wage rate*

here I8 crucial; which rate of growih
18 higher will depend decisively on
the real wage rate. It may be verl-
fled, however, that if real wage rate
exceeds a certain critical magnitude,
technique 2 (which ensures increased
productlvity of consumption good)
will attain superiority over techniqus
1. An economy which Is continually
facing pressures in favour of a levell-
|og up of the rea] wage rata will find
at some point advisable to awitch
from technlique 1 (if it was Initielly
superior) to technique 2,

Relation with Harrod-Domar System

There 18 a strikiog formal slmi.
larity between the system presented
above and the Harrod-Domsgr model
which has become the stock-in-trade
of growth theorists. In the Barrod-
Domar model, the optimal or equi-
librium rate of growth fs given by
y(t) =ylo) [1+s/g1t
where
y(t) = income in period t
y{0o) = income In (nitial period ‘0"

8 = marginal propensity to save

g = acceleration coefficient (1o be

interpreted here as the marginal
capital-output ratio or the fin-
verse of Domar's s, namely the
productivity of inveatment,

It follows from {U) that any in-
crease in the marginal propensity to
save s or & lowering of the capital-
output ratio g (l.e. increase ln the
productivity of investment) wil] in-
creage the optimal rate of growth,

We shall now interpret our syatem
in terms of the familiar categoriea of
marginal capital-output ratlo and
marginal propensity to save. Pro-
ductlvity of consumption good per
unlt of labour is pe and the real wage
rate is held fixed at w (all of which
18 consumed) so that marginal pro-
pensity to save is given by (pew)/pe.
One unit of labour (whose remunera-
tlon s w) produces pi units of invest-
ment good which in ita turn producea
Ppi Pc units of consumption good. Thus
an investment of w results in pi pc
unfts of consumption gpods, auch
that the marginal ecapital-outpuy
ratio Ig given by w/pi pe. The rate
of growth of output r can now be
written as

_p.,——w w__ 8
"T/W 8

dievesconaa (D

While this formal slmilarity be-
iween the Harrod-Domar model and
our aystem s revealing, thers ls an

tmportant difference. In the former
model, 8 and g are capable of inde-
pendent véariation and they are not
functionally related. In our system,
however, s and g are functionally
related for both of them involve pc
and w. For two techniques 1 apd 2
8, <8, (Le, marginal capital-output
ratio of techniqus 1 Is lower than
that of technlque 2), the Harrod-
Domar model implies an incresse in
the equilibrium rate of growth for
technique 1. In our system, g,<8,
Implles  Pe,pi,>Pe,piy 8o  that
It pe,>P;, We have 8,8,
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M(t) = output of means of produc-
tion In period ¢

H(t) = output of households (mes-
sured In man-hours or pome
other convenisnt unit) fn period
t

Ch(t) = consumption goods allocatad
to households in perfod t

Me(t) = means of production allo-
cated to consumption gooda in
period t

Mm(t) = means of production atlo-
cated to {self {n perfod ¢

He(t) = services

Thus a d in the
capltal-output ratio under technique
1 Ig to some extent offset by a lower
marginal propensity to save and as
we have seen before, in case of real
wage rate exceeding a certain critical
level, technique 2 will ensure a high-
er rate of growth In apite of |ts high-
er capital-output ratio,

Optimal Technique ln & More
Complex Economy
Now 1 shall copsider a somewhat
more complex economy. Let ug sup-
pose that there are three sectora
engaged in productive activity con-
sisting of

to the consumption goods sector
fn perfod t
Hm(t) = household services used for
the production of meana of pro-
duction In period t.
Now the relations ({dentities) stated
below must hold:
C(t) = Ch(t)
M(t) = Me(t) + Mm(t)
H(t) = Re(t) + Hm(t)
To bring our system to manageabla
dimensions we Introduce structural
coetliclents based on fixed coefliclents
of production (the  procedure
followed fn Leontief's input-output
We  assume rea-

. (t0)

1) goods, supplying
households with consumption goods,
(2) means of production, supplying
raw materialg (or intermediate goods
or current inputs) and finished in-
vestment goods to other gectors, and
(3) housebolds, which supply other
sectors with labour services. Each
of these three sectors requires for its
current production materials or ser-
vices drawn from one or more (at
least one) of the three sectors, toge-
ther with non-produced means of
production (which are exogenous to
the system). These non-produced
means of production are avallable in
any required quantity for continued
expansion of the economy.

In view of the nature of our
sectors, it will be poatulated that
gl of consumption goods production
in any period Ig allocated to house-
holds. Means of production are allo-
cated to consumption goods and to
Jtself both ag inputs to be currently
used up in course of production and
for capital formation, ylelding return
in the next perlod and thereafter,
Household services are used for the
production of consumption goods and
means 0of production, providing re-
quired labour {nputas,

The following notations will ba
used :

C(t) = output of consumption goods
in perod t
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).

sonably that the input of interme-
diate goods or services used per unlt
of production In any sector ls & fixed
proportlon of total output of that
sector, and input for capltal forma-
tion in any sector ig a fixed propor-
tion of the increment of output of
that sector. Thus we have,
Ch(t) =a H(t)
Me(t) =b C(t) + c[C(t+1) —C(t))
Mm(t)=d M(t)+e(M(t+1)—M(t)]

. —ety)

He(t) —1 C(t)
Mm(t) =g M(t)
where &, b, ¢, 4, e, {, g are constants;
c and d are evidently capital coef-
clents and therefore that part of the
requirements of means of production
which |s used for capltal formation
15 expressed as the relevant capital
coefficlent tlmes the increment in
output. The rest of the structural
coeficients relate to the current in-
put of intermediate goods which are
proportional to output of the sector
where they are used. Substltuting
the values (v) In ({iv) we obtain
Ct) = H(t)
M(t) =b C(t)+c [C(t+1)—OM)]
+d M(t)+e [M(t+1)—M(1)]
ESTTTOrTY)
H(ty =2 C(t)+g M(1)
The solution of tha difference squa-
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tion system (vi) is given by
Ctt) =
(1—af) (1—d)—abg |t
cw| 1+ s(—af) F<ag
(vih)

1t is not possible here to go into
the detalled interpretation of ths
expression for r given by (vill), We
have already incorporated in Lhia
stlll very simple aystem some inter-
sectoral which compli-

C(0} being the output of

tlon goods in the initlal period. M(t)

and H(t) are obtalned from the

following identities :

M(t) = e(t)[ (1—af)/ag] and

H(t) = C(t)/a

For each of the three sectors of the

economy, there is a unique growth

rate given by the second term of the

bracketed expression in (vil), name-

ly

r=[(1-af) (1—d)—abg)/

(e(1—af) +cag) wann (VD
Corresponding to any set of tech-

niques encompassing the three sec-

tors of our economy, we get a partl-

cular configuration of the structural

constants &, b, ... g, and again the

optimal set of technique is one which

maximises the rate of growth r,

cate the picture. It may be easly
seen, however, that our system (1)
is & speclal case of system (vli), In
gystem (1) investment good which
corresponds here to sector 2 s pro-
duclple by means of only primary
factors of production (including
labour) which ymplles that d=e=0.
Also the consumption good (sector
1 here) {a produced with the ald of
only investment good and primary
factors of production, so that b=0.
Betting, then, b, d and e equal to O,
we obtaln

r=(1-af)/cag
This, we shall see, !5 equivalent to
{i). Thusa In order to produce & unit
Increment of consumption good,
1 unity of labour are required which
consume af units of consumption
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goods. Per unit increment of
output of econmsumption  goods
leaves, therefore, a surplus given
by 1—af, the term in the nume-
rator of (ix). Again In order
to produce an increment of consump-
tion good, is required o units of in-
vestment good which in its turn use
g ubits of labour. Since one unlt of
labour consumes a units of consump-
tlon good, cg unita of labour con.
sume cga unlts of consumption good,
which {8 the term In the denomlna-
tor of (Ix).

A clue to the generalisation of the
systems considered here to take care
of any finite number of sectors fs
provided by Professor Leontlet's
dynamic input-output system. Whe-
ther simple interpretations as above
of more complicated expressions for
the rate of growth (difference equa-
tlons providing more than one raot)
are possible require Investigation,
This I3 however beyond the scope of
thig paper,
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