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CEAPTER I

THE ROLE OF EXTERNAL RESOURCES IN ECONOMIC DEVELOFPMENT

There are several approaches in the literature of development economics
to studying the process of economic development, These approaches are both
desceriptive and suggestive. One can summarize these approaches in three
basic classifications: 1) The historical approach, 2) The empirical-struc-
tural approach, 3) The analytical approach. These are rather broad defini-

tions, and may overlap.

The historical approach. This approach looks at the process of economic
growth in currently industrialized countries of the European and North
American continents, breaking down the economic growth process into different
stages of growth. The major articulation of this view is that of W. Rostow
[32]. Rostow sees economic development traversing through the following
stages: 1) traditional society, 2) pre-conditions for take-off, 3) take-off,
i) self-sustained growth, 5) high mass consumption. The central stage is,
of course, the "take-off" stage. This stage is characterized by social
change, increased investment (5-10%), and the technical transformation of
the production process. This creates the growth of the leading sector,
which is usually the export-generating sector (e.g., cotton in the United
States, silk in Japan, etc.). These exports plus the capital imports from
abroad generate the supply of investment goods, enabling the econonmy to
move towards sustained growth.

This description is by no means accepted by all econormists. S. Kuznets
(18] devastatingly attacks it on empirical grounds. He argues that the stages
observed were not empirically similar and, indeed, the sequence was not so

1



rigid. Professor A. Gerschenkron [L0] has interesting observations on the
process of industrialization. He emphasizes the uvniqueness of the response
of each country to the process of development, and sees this uniqueness as
depending upon the degree of backwardness of the country. The more back-
ward the country, the higher the degree of technical change and the more
important are capital goods industries.

Professor Gerschenkron is much influenced by his study of the Russian
experience. But the limitations of such historical studies are obvious.
Even though they may be sufficiently descriptive of past experience, they
cannot be applied to present day underdeveloped countries. In fact, the
more useful analysis would be to answer the question of why the present
day underdeveloped countries are backward.

In our judgment the important work in this direction is that of
Professor Paul Baran [3 ]. Professor Baran stresses the importance of
the colonial nature of those countries which were exploited by the metro-
politan powers, with the result that economic growth was stifled. He
argues that even present day international economic relations between

developed and underdeveloped countries lead to the same'results.

The structural and empirical approach. This approach revolves around

the detailed empirical examination of the developed countries and then
deduces the similarities and the differences of the process of economic
growth. Professor S. Kuznets remarks that there are a variety of forces
at work. Essentially, he sees economic growth as the interacting process
between the demand for and the supply of productive forces. Population

growth, natural resources, and tecinical change affect the process of
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capital accumulation and the sectoral disiribution of the economy. The
development of exports increases the propensity to save and diffuses the
process of technical progress. International capital movements facilitate
this process of industrialization.

Professor Chenery [6] emphasizes the structural interdependence of the
economy. The developing economy has to increase the flow of investible
funds, with the balance of payments as the constraint. This external
balance constraint is more effective in the later stage. In the earlier
stage, the investment demand is larger than the supply of domestic savings.
This dynemic disequilibrium is replaced by equilibrium through the effective
use of external resources (e.g., foreign aid).

Professors Bruno and Chenery [7] exploit activity analysis techniques
to characterize the solution to the micro-dynamic problems of what to

produce and how much to produce suggested by the macro-dynamic analysis just

described.

The analytical approach. This approach constructs descriptive models
of underdeveloped economies and then suggests policy measures (controls) to
facilitate economic development. Professor Leibenstein [19] argues that
the underdeveloped economy is a low-level equilibrium system. The growth-
generating forces are counteracted by the growth-dampening forces (i.e.,
demographic forces). His analysis is essentially neo-Malthusian, and his
way out is through what he calls "ecritical minimum efforts"--"quantum jumps"
in investment. Such investments break the low-level equilibrium and put the
economy on the path of accelerated growth. The source of these large scale
investments are the external resources injected into the domestic economy.

Such an increase in investment, of course, requires a supply of complementary



factors like technically skilled manpower and organizational skills. In
fact, the paucity of complementary factors creates the problem of "absorptive
capacity''--there is a maximun level of investment that can be absorbed by
the donestic econony.

-Another analytic model ié the éélebrated modef of t;sle dual economy,
first suggested by Sir Arthur Lewis [2C]. He sees the underdeveloped economy
as consisting of two sectors: the traditional sector (égricultu;e) and the
modern sector (manufacturing). Another feature of’phe dual economy is the
existence of surplus labor. The copstraints on growtbiin;thgs model are
the supply of marketable surplus and the size of the investment goods sector.
The supply of external resources alleviates these constraints. External
resources can either increase the marketable surplus (e.g., the supply of
consuner goods), thus increasing employment in the manufacturing sector,
or it can increase the stock of capital goods in the manufacturing sector,

.which increases the capacity to generate investment goods.

Thus, in all the models two elements are important: 1) the process of
capital accumulation and 2) the supply and the use of external resources in
the fipancing of capital accumulation. To put it compactly, the problem
is one of transforming the internal resources into external resources to
achieve the desired level of capital stock. This transformation can be
achieved through the adjustment of flows (trade) or the adjustment of stocks
(international capital movements).

This transformation of resources is the crux of the matter. The tradi-
tional trade theorist emphasizes, Irom static equilibrium considerations,
the role of free trade and export industries. Iie argues that free trade was,

after all, the ¢éngine of growth in the 19th century. Fowever, this source



of transformation is not feasible today to the extent that it was a century
ago. In this age there are many factors in international economic relations
working against the underdeveloped economies.

The source of major export earnings of underdeveloped countries are
primary comwdities [i.e., raw materials, mineral ores, agricultural goods
and seni-manufactured goods (fibers, textiles, etc.)], while the imports
of these countries are essentially capital goods and industrial intermediate
goods. The following are the major difficulties in attempting to increase
the export earnings of the underdeveloped economies: 1) The demand for
these goods is income inelastic; as income in the developed countries goes
up, their demand for these goods does not increase at as high a rate as
income increases. 2) The demand for goods exported by underdeveloped
countries is a derived demand. As technology in the developed countries
changes, the technology develops synthetic substitutes for the primary
commodities it has traditionally imported. In this way, the total demand
for traditional imports is reduced. 3) There is a secular trend of falling
prices for primary commodities vis-a-vis the prices of investment goods
(i.e., there is deterioration of terms of trade). 4) Most importantly,
the trade policies of the developed countries are discriminatory in their
tariff structures. Tariffs are directed against semi-processed agricultural
goods and industrial raw materials. Effective tariff rates (computed in
the sense of value added in the corresponding rates of developed countries)

are quite high, as the following Table 1 shows.



Table 1%

Nominal and Effective Protection Rates
in the U,S. and EBEuropean Economic Community

U.S. Rates E.E.C. Rates

Processing industry
Nominal Effective Nominal Effective

Coconut oil 57 57.5 15,0 15.0
Fabrics 3.1 5.3 23.0 39.6
Cigarettes k7.1 89.0 N.A. N.A.
Hand fiber mfg. 15.1 38.0 N.A. N.A.

*Source: H. Johnson, "Trade Policies toward Less Developed
Countries,” p. 91, Table 2, The Brookings Institution, Washington, 1967.
The average effective tariff rate on intermediate and consumer goods

industries in the developed countries is 25%. The surplus disposal of
certain U.S. agricultural commodities has s similar adverse effect on the
possibilities of export expansion for the underdeveloped economies. The
United Nations Conference on Trade and Development (UNCTAD) has the following
estimates on the loss of export earnings of underdeveloped countries. The

following figures are quoted from Professor Johnson's [14] study.

agricultural protectionism in developed countries $2000 million
sugar protection $ 400 million
European duties and excise on coffee, tea, bananas, etc. $ 125 million
U.S. surplus disposal $ 685 million

There is a systematic non-tariff and tariff discrimination against
semi-manufactured goods by the developed economies.

In suwmary, the transformation of domestic resources into external
resources to finance needed capital and industrial goods for investment
through trade is increasingly difficult. This phenomenon is described by

Professor Nurkse [25],who points out that the export as an engine of growth



is now in "comparatively low gear." The case for the industrialization of
the primary commodity-producing countries which are oriented primarily
towards home markets has been recognized on these grounds.

The external resources generated by borrowing, compared with those
generated by trade, are different in one crucial way. Foreign borrowing
increases the total supply of resources for expenditure, along with the
supply of needed imports. Trade changes the composition of the expenditure,
but not necessarily the expenditure level. In this sense, the alternative
of borrowing or aid is more appealing to underdeveloped economies, especially
when their imports are essential for capital accumulation. This important
conceptual difference can best be illustrated by the following simple model.
Consider an economy which produces only one good, namely corn, and employs
tractors and corn as inputs in the production of the corn. The only way
the economy can sugment its capital stoek of tractors is through trade,
i.e., by buying tractors from abroad in exchange for its product, namely
corn. In this way the economy either reduces domestic consumption in order
to import tractors or it reduces the domestic investment. Or the economy
can borrow funds from abroad (which increases the production of corn) and
then repay the funds borrowed. This strategy is still more attractive if
the transformation of corn into tractors is increasingly more expensive
in terms of corn, i.e., domestic resources. The following diagram illustrates
the point.

Let @ be the initial stock mix of the domestic ecomomy (OC = consump-
tion goods and OI = investment goods). Let the economy be willing to save
QN for exports, which are transformed into RN, investment goods, where QRT

is the locus of transformation from consumption goods into investment goods.
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The above diagram shows such a transformation. If, on the other hand,

QM is external borrowing, the locus of transformation is shifted

uvpwards by the distance QM, and the economy may well choose borrowing in
preference t0 exports in the short run. In the long run it is not obvious
what should be the choice. Of course, if the exports are strictly con-
strained as to absolute level, then even if there are no declining terms

of trade (as shown in the following diagram), the effect is the same.
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Either the difficulty of extracting enough domestic resources or the
loss involved in transforming domestic resources into external resources,
or (generally) the two together may, and almost universally do, prevent
the country from achieving a growth rate adequate to its economic objectiVe.
From this situation is derived the potential macro-economic contributions,
respectively, of external resources and external trade.

Today most underdeveloped countries depend heavily on external resources
to increase their per capita income. A crude indicator of this dependence
is the net flow of about 10 billion dollars per year from advanced countries
to less developed countries, an amount vhich is equal to one quarter of
their gross investment and nearly one third of their imports [8 ]J. Thus,
these external resources both augment domestic savings and provide many
goods which are strategically important in efficient economic growth. These
goods mainly comprise heavy machinery and machine tools, some industrial
raw materials, and fuels.

The problem of allocation of foreign borrowing can be analyzed on two
levels. One level, which I call the‘aggregate level, involves deciding the
volume of this stock transaction'(either borrowing or repayment or lending)
and its timing. The other level involves the choice of the sectoral allo-
cation of resources, i.e., the decision whether to invest the resources in
machines that produce the machines or to invest them in machines that
produce consumer goods (e.g., textile machinery, such as manufacturing
tolls, etc.). I will discuss each of these problems in the following
chapters. It is obvious that the two levels are interdependent. However,
it is helpful for the planner to pose the guestion in terms of different

levels and to treat the two different aspects of the problem separately.
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The main work in the area of developmental planning on an aggregate
level is that of Professor Chenery and other AID economists [9 ], who work
with the Harrod-Domar type one-sector aggregate model, which generates the
flow of external resources needed by an underdeveloped economy. These
resources are in the nature of aid & the problems of repayment and debt
servicing are not considered. The role of external resources is to fill

the dual gaps of imports and exports and savings and investment.

A model of this sort is as follows:

1. Mt+vt=It+Et+Ct
2. Vy =C, + S¢
3. IvIt =F, +E
L, I, =8, + Ft
. &K =1,
6. I -1I ,8BI ,
T B = Eo(l + e)t
8. -S-t = (a.o - za.')V0 + a.'Vt
9. ﬁt = (u, - w Wy + u'Vt
10. K‘b = Vtk
Symbol Description
Vt G.N.P.
It investment
Kt capital stock
Et exports
Ft aid
§th1~. intended and realized savings
r ta.rgef. growth rate
k capital-output ratio
M

t’Mt intended and realized imports



The behavioral and technological assumptions are the following:

1. there is a maximum marginal savings rate (a');
2. a constant capital-output ratio (k);

3. & constant marginal import propensity (u');

Lk, an exogenous rate of export growth (e);

5. an absorptive capacity coefficient (3).
We note that the Equations (8) and (9) give the intended savings and imports.
The levels actually realized may be different than those intended. OFf course,
ex post, the value of Ft calculated froﬁ Equation (3) is the same as that
calculated from Equation (4); the ex ante values may be different.
The model generates the growth path shown in the following figure.
There are three phases in the growth pattern.

Phase I: skill-limited growth
Phase II: savings-limited growth
Phase III: trade-limited growth
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In Phase I the absorptive capacity (the skills formation required of
managers, skilled labor and civil servants in order to make productive
investments) is the limit and the investment meets this constraint, i.e.,
I, = 1+ B)It_1 . This phase continues until the growth rate becomes equal
to the target growth rate "r". In this phase the "aid" required is the gap
between savings and investment.

Tn Phase II the income growth rate is "r", i.e., the target growth
rate. Trom the constant capital-output ratio one can determine the
required investment rate and the difference between savings and investment
gives the needed "aid".

In Phase III the growth rate is r and the required imports are deter-

mined by Equation (9) while the exports are rising at the constant rate e.

The "aid" is equal to the trade gap. In sumary,

In Phase I aid = F° = (F + ML + 5)t) - M

G(Kb - IO/B)
k

* t
where M = (co - )VO +

S

In Phase IT F aid

i}
i

o, - o) - Vo + ) - (o e,

t

In Phase III TF° = aid o€t

0

Il

(u-u Wy + u'V, (1 + ) -

where F° denotes the sgvings gap and Ft the
trade gap.

In 21l the phases aid is determined by the maximum of the trade gap

and the savings gap. The ex post equality of these two gaps is obvious since

F = aid = max(Fs,Ft) for all times .,

The curve Fbtw in the diagram above is the aid path. The trade gap and

savings gap close eventually, provided the following assumptions are made
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about the parameters.

1
1. r<t<r(uvo>
TR

0
1

2, u >EO/VO

3. IO/KO<5

L, r<s>s

The ex post equality of the two gaps means that in Phase I and II the
reslized imports or exports are not the same as the ex ante ones, while in
Phase III actual savings are not the same as ex ante savings. This means
that in Phase I and II imports may indeed be more than what is needed or
exports less than the economy's ability to export, while in Phase III
potential savings are not realized. As Professors Ranis and Fei [30] point
out, this is the basic weakness of the AID.analysis. The point becomes
more vivid when we know that all these external resources have a "cost"
attached to them, i.e., they have to be repaid with interest in the futwre.
The analysis assumes that the country borrows a maximum of the two gaps.
With a borrowing cost introduced, the country should adjust its growth
rate so that the debt burden is optimal. The terms at which money for imports
can be borrowed crucially effect the level of borrowing. Professor Quayyam
[28 ] has done some calculations showing that if loans carry U4 per cent
interest and a specified repayment period, then under certain conditions
on productivity the costs of these exfternal loans will oubweigh the bLenefits
in the long run. In fact, he cauti;ns against indiscriminate acceptance
of external aid, In such instances myopic borrowing policies may become

non-optimal. For this reason the AID approach to determining the flow



14

of external resources is unsatisfactory from an underdeveloped country's
viewpoint.

The second class of models which have been suggested to study the
flow of external resources is of the neo-classical variety. Bardhan (3]
studies this problem in the single-sector growth model context. He assumes
that a country can borrow funds from abroad at increasing rates of interest.
Then he finds a golden-rule accumulation path which gives the optimal
borrovwing path. In his maximand, however, he has a curious assumption
about the disutility from the existing debt level. This assumption is not
convincing. But the main limitation in applying Bardham's model in the
underdeveloped economy is that it neglects the important role of the im-
ported capital goods.

Imported capital goods are gualitatively different from domestic capital
goods, and they are a sine-qua-non of efficient industrialization. Bardhan
also has in his model a closed economy, i.e., no exports are available to
finance these needs of the economy. Hamada [12] constructs a similar model.

The following points summarize the drawbacks of the models of alloca-
tion of external resources that have been suggested so far:

1. The AID model falls short of being truly dynamic¢ in the way it
handles optimal savings and investment allocation.

2. The AID model fails to recognize that external resources have
"costs" attached to them that must be repaid.

3. The neoclassical one-sector model misses the essential importance
of external capital goods because it assumes a closed econony.

In Chapter II we formulate the problem in the neoclassical growth
model framework. This is essentially a one-sector aggregate macro-model.

We will describe the structure of our model and study its simple
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dynamic properties. In Chapter III we will solve the optimization problem
in the context of our model. In that analysis we will study the qualitative
nature of the optimal controls, and in doing so we shall answer the question
of the level of external borrowing, its timing and its repayment. In
Chapter IV data on the Indian economy will be used to estimate the uncon-
trolled parameters of the model and a computer program will then be used to

study optimal paths when the uncontrolled parameters are set at these levels.



CHAPTER II

ANALYSIS OF THE MODEL WITHOUT OPTIMIZATION

Description of the model. The developing economy exhibits a distinct

qualitative difference from an economy which is mature in that the develop-
ing economy cannot produce all types of investment goods. This may be due
to lack of natural resources, technology and skilled manpower. To produce
machines one requires other machines and these machines have to be imported.
Similarly, the economy requires certain industrial rav materials and fuels
(gasoline, kerosene, etc.) which may not be locally available and therefore
have to be imported. This would not be a problem if conversion of domestic
resources into external resources was easy. This transformation is feasible
via international trade (i.e., exports-imports). Thus transformation or
conversion depends upon the exports, which may be either stagnant, as
Professors Raj and Sen hypothesize [29], or else the exports may be linked
to the level of industrialization of the underdeveloped economy, as Professor
R, MeKinnon [23] suggests.

I will make the assumption that the maximum possible export earnings
depend upon the level of industrialization. Export earnings present such
difficulties as these: 1) advanced countries' tariff barriers against the
industrial or semi-industrial goods which can be exported by the under-
developed countries (these barriers are lessened, however, if the goods
are technologically more sophisticated); 2) low income elasticity of demand
for underdeveloped countries' exports; 3) the increased use of synthetic
substitutes in the developed countries. Then the way out of these constraints
is to borroi the external resources. This borrowing makes available the
resources but in so doing it incurs costs, namely, interest payments and

16



the obligation to pay back the debt in the future.

Thus, there is trade-off between present gains and future costs or
obligations. This is an economic problem, and the development planner has
to address himself to the problem of the timing and the amount of borrowing.

In the model of the economy to be studied, I will assume that the
econonmy is centrally planned. The planner has the knowledge of society's
preference ordering (i.e., social welfare function) and production function.
The planner guarantees full employment. The economy produces one good which
is either consumed, invested or exported. The rule of imported goods is
two-fold. They furnish raw materials, spare parts and fuels 0 maintain
the current economic activity (i.e., maintenance imports) and they also
provide complementary capital goods in the accumulation of capital for
future economic activity (i.e., they increase the capital stock)., Full
utilization of the capital stock is also assumed. The planner controls
the savings as well as the exports in the economy. This presumably can be
done via appropriate fiscal and monetary means. The exports are constrained
from above. The economy can borrow the resources from abroad with a given
interest rate schedule and has to repay through its exports earnings. The
planner uses a constant discount rate to compare different streams of social
utility and chooses the program vhich maximizes the discounted sum of this
utility stream. The units are chosen so that one unit of domestic goods
can buy a unit of imported goods. The international prices are assumed to
remain constant. The growth of the population is exponential (the growth
rate is constant), and is exogeneously determined. The elements of the

model are as follows, where the variables are understood to be functions

of time.



(a)

(b)

Production function

Y = F(X,L)

where K = capital stock, L = labor, and Y = output.

The production function has constant returns to scale and exhibits

the usual neoclassical properties, i.e.,

(1) AY = FOAK,AL)

Using (1) we may write

y = % - % F(K/L,1) = £(k)

where k = = , the capital-labor ratio.

lad |

@) f£'(x) >0, £(k)>0, forallk, 0<k<m.

We assume the following end-point conditions of the Inada type:

(3) Lim (k) =e , lim f(x) =0
kK o k-0
lim £'(kx) =0 lim £'(k) = w
kK =300 k-0

Social utility function

The domain of this function is per capita consumption and is
assumed to be strictly concave.

Let ¢ = % s Where C = consumption and ¢ = per capita consumption
Then social utility function is denoted by ulc)

where

[ "
ufle)>0,uf{)<0 forall0O<c<ow

lim u'(c) = 0
¢ -0



(c)

(d)

(e)

19
Population growth

I = nL where n is a constant and is exogeneously given (a dot

over a variable denotes its derivative with respect to time).

Capital accumulation

The rate of change of net per capita capital stock is equal to
the total per capita output minus the interest payments, per capita

consumption and depreciation:
(4) k= [£(k)(1-v-0)-r@) - al(1+p) - (& +n)k
where B, o, B, v are defined below,

External sector

The change in the per capita debt is equal to the total per
capita imports minus total exports and minus or times debt per capita.

Imports per capita are

[f)Q - v - o) - r(a) -~ dlp + £(k),
exports per capita are

Uf(k):

d=[fx)Q -v-0) -r@) *dlp + of(k) - of(x) - nd,
where in (@) and (e)

B = number of imits of externally produced capital goods per unit
of gross domestic investment
pn = the depreciation rate

vi(k) = per capita consumption
of (k) = per capita exports

d = per capita debt
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r{d) + d = interest payments on the outstanding debt d

of (k) = current imports of rav materials and intermediate goods

We assume that both g and ¢ are constant and that:
o £ A, vhere A is the maximum propensity to export

v+ 0=l

(f) Debt repayment

Ve assume
r(d) > 0, r' (@) > o0, r(d) >0 ifd>o
r(d) > o, r'(a) < o, r(d) <0 if 4 < 0,

vhere R(d) = r(d) ¢« 4 is the per capite service charge on the debt.

(g) Objective function

The economy is to maximize the sum of the discounted utility
stream subject to all the above constraints.
o -5t
Maximize 0]°° e u(v + f£(k))at
Subject to d 2z 0 and (a)-(f)

In the optimization problem the planner treats 'v' and '¢g' as the
control variables; "8" is the discount rate reflecting the time pref-

erence of the planner in evaluating & progran.

Comparative dynamics of the model. In order to better understand

the working of this Model I will present some simple dynamic properties
of the model specified by (a)-(f) before studying the solution of the
optimization problem which is obtained when (g) is added. To do so I

shall assume for simplicity that control parameters are set so as to



achieve constant average propensity to consume and constant average pro-
pensity to export.

That is to say,

per capita consumption
per capita output

=v (i.e., for all points of time t,
v =V)

per capita exports
per capita output

=¢ (i.e., for all t, ¢ = 0)
vhere

Y+og=1l T A

HA

The permitted values of the control parameters are shown diagram-

matically in the figure below.

o 7\7 ‘ o= A
Ui

From () and (e) we have
k=[f(k)(Q -V -75)-7()al@+p)- (u+nk
d=[£k)-F-73) - r@) - a)p + af(k) - 5£(k) - nd.

The movement of X and d will be different in the different cases depending

upon the interest schedule and the values of parameters. We shall consider
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two possible interest schedules corresponding to the case of perfect
interna.tiqna.l capital market and the case of imperfect international
capita markets.

(1) Competitive international capital market

This occurs when the funds can be borrowed or lent at the market price

and the country is small enough so that it is a price-taker.

T Total
payment
r-)(-
-4 0 d ' -a d (
(a) ) x
Figure 2

The above figure describes the interest payments under (i); 4 > O means
debt and d € O means lending.

(ii) Imperfect capital market

This is characterized by the fact that borrowing is increasingly
more costly, i.e., the marginal interest payments exceed average interest
payments and lending is increasingly less renumerative, i.e., the marginal
return is less than the average return.

To be precise, we have

r{d) >0 d<d<w r(d) =0 d<d

r'@s>0 d>o0 r'@)<o d<o
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The marginal interest payments R'(d) thus depends upon r'(d). The follow-

~

ing figure (3) is illustrative.

r(d) R(4d)

'&'/

-d

() (b)
Figure 3

It is clear that the case of a perfectly competitive capital market
is & special case of an imperfect capital market such that r'(d) = O and

d =« . Now we have from Equation (4)
K 2) 0 =) -F-5) 1 +p) - (u+n)k ) r@) + a(L + p)

To simplify the algebra, assume that
l - v - -&. = 8.

Then
k (2) 0 = £(x)a(l + 8) - (u+ n)k (J) r(@)a( + p)

The situation is depicted in Figure 4. Let k demote the maximum capital/

output ratio sustainable without vorrowving. Then

flk)a(l + g) = (u + n)k



(p, + n)k

f(k)a(l + B)

P") -t whe aiw  Gme e e e G G e —

Figure 4

It is then obvious from the following diagram that if, at E, d >0

and k = 0, then ¥ will be less than k.

(L +p)r@)a + (u + n)k—~y
(u + n)k

f(k)a(l + )

- —— -

w'..-.-___-—-.-
W)---—»bn-‘--d——
Wz s ue e W AMES AT W ik e W G Gk e

S

Also, if, at X, d <d < 0 and k = 0, then k will be greater than k.

Figure 5

24



Then the following diagram gives the locus of thercurve k = O in

(k,d) space.
d
k=0
/l'/ !
i
|
1
\ ]
=1
k_\E
— i
d ————————————————————
~d

Figure 6

This Jocus is determined by the implicit differentiation of the
curve fi = 0, i.e., by the values taken by the expression
dd £ (Ka@ + 8) -+ n)
I = ’

e R'(d)

which determines the nature of the éurve fi = Q. Arrovws show the movement

of k in that region of the (k,d) space.

low let us consider the movement of debt. We have

d )0 =rk)(ap +a - o) ) [rd)p + nla.



Two cases need t0 be distinguished:
Case (i) ap+a-9>0

case (1) ep+a-5T<0

In Case (i) the imports always exceed the exports, which means that d=0
is possible if and only if d 1is negative, i.e., if the excess imports
are financed by the interest earnings from abroéd. In Case (ii) the
exports alwvays exceed the imports, which implies that 4 = 0 is feasible
if and only if d is positive, i.e., the excess exports are absorbed

in repaying the interest payments. Thus, in Case (i) there exists no
point in (k,d) space such that a = Ovand d > 0 and in Case (ii) there
exists mo point in (k,d) space such that d = 0 and d < O.

The following diagram summarizes the discussion,

T
-d -d

(a) (v)
Figure 7
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af _f&pro-7)
dk{i0  r'(a)pa + r(d)p + n

and again the arrovs depict the movement of d in the regions of (k,d)

space.

We will examine the motion of the system under the agsumption of

imperfect capital market, since, as we have remarked, the perfectly competi-

tive capital macket is a special case.

Movement of economy in Case (i). We have noticed that under Case (i)

ag + ¢ -G > 0, i.e., 4 < O on the locus d = 0. We are interested in the
stability of the system. In the economic sense we are interested in the
stationary state--the state in which i: = Q and 4 = 0--and we shall study
its properties.

The following diagram is illustrative.

P —
.———%
b
T iy\\ ::}—-p\:
/7(.'.’\\ ' i=o0
: L P
-d qjl\

| |

Figure 8 k=0



Clearly, the stationary point is the intersection of the cwrves K =0
and d = O. The following are the possibilities: i) there is no inter-
section, i.e., there is no stationary pédint; (ii) there may be only one
intersection which may be stable oxr unsta.blej (iii) there may be two
intersection points as shoun in Figure 8. In the latter case 'p' is a
stable point, i.e., the economy asymptotically grows towards p, vhile
‘q' is a saddle point, i.e., there exists a unique trajectory going
through ‘q', and if the ecomomy is initielly on this trajectory, then it
asymptotically grows towards 'q'.

Movement of the economy in Case (ii). We have noted that under

Case (ii) a3 + @ -~ 5 < 0, i.e., 4 > O on the locus & = 0. The stability
analysis shovs that if the stationary point exists in this case then it
is a saddle point g, l.e., 1f the economy is initially on the trajectory
passing through q, then the economy grows asymptotically to a stationary
state. If the economy is not initially on this trajectory then there

is no equilibrium point; the economy moves in such a way that the debt

level grows initially and then both (k and d) eventually go to the origin,

i.e.; the economy decays.

The following diagram is illustrative.

28
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The stability analysis just concluded can be presented in a compact
way if ve can study the two diffevential equations system around the
stationary point (k*,d*) if such a point exists. We linearize the system

around (¥,d") vy taking the linear terms of Taylor's expansion.

k = a.llk + alEd

4 = k+a22d.

%51

Let'%l and ), be the eigen-values of the matrix A = (aij)' These eigen-

values describe the nature of motion of the system. If

i) N N, < 0, the system is stable;
ii) As» N, > 0, the system is unstable;

iii) one of the pair Ays A, has a negative real part while the
other has a positive real part, then the stationary point

is a saddle point;

iv) N, and A, are imaginary, then the system has cycles.

Thus, ve get a variety of situations depending upon the initial state and
the contiol parameters. The nature of equilibrium depends on the interest
rate schedule.

lore interesting theoretically in this model is the analysis of the
golden rule path to vhich ve nov twrn. This is a sort of "Gedanken-
experiment". The question it answers, in the context of our model, is
the following: what would be the optimal-capital-output ratio and per-
capita consumption if the economy vere required to choose a pe:-capita

capital endovment and to maintain it indefinitely., We want to choose
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such a k that it maximizes the per-capita consumption. In the economic
grovth litevature this capital-labor ratio is called the 'golden-rule'

capital-output ratio. The problem is

Moximize ¢ = vf(k)

Subject to 0=k =[f(k)(L-v-o0g)-r(@da@+p)- (+n)k

i

0=a=[f&)@-v =~ o) - r(@dlp + af(k) - of(k)

il

"nd-

To study this contrained maximization problem we set up & suitable Lagrangean
function, nanmely,
L = vi(k) + M{UEL(K)Q - v - o) - x(@)a} (2 + 8) - (p + n)k)

+ xgﬁf(k)(l -v - g) - r(d)alp + af(k) - of (k) - nd]
The critical point of this Lagrangean gives the necessary conditions.

Ve get
Lo2 -0 @ +p) - MpIE(K) =0
%% = (A + 2@+ 8)EE) =0
Lo fve (0) + M@ B - v - o) () -k ]

#N\IL - v - o)pE' (k) + of' (k) ~ of (K)] =0,
which implies

vE (K)1 - AJ(1+ B) = ARl +of  (K)(1 + B)(A + 2,)
FIN@+B)+Ap - ff (k) - (u+n) =0,

cL _ oL L
But§\}~=-5-c-=0, %E=Oand hence

£ (k)1 - a) =y + n
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Since f£(k) is strictly concave there exists a ¥° such that

£ YL -0) =+ n.

Also
5-31’=«\-3L—-01mpn k}}‘i—l | =1and n, + A, =0

vhich implies

if theve exists a d° such that R' (@) = n; otherwise, ve have a corner
solution., Thus, after caleculating k ,d% we can find the values of v and g,
say v and cf'&, such that k = Ei = Q.

The optimal capital-output ratio is, then, such that net marginal
productivity is equal to the population grovth rate plus the depreciation
rate. The per capite debt is such that it eguates the marginal interest
to the rate of population grovth. The effect of the coefficient 8 is on
v* and ¢* rather than on k¥*. The effect of the coefficient ¢ is on K
ard, in turn, on all the variables. If ¢ = 0 we get the familiar value
of X' discussed by Koopmans {16 ].

This discussion naturally leads Lo our main problen. As ve have
shown, there is a variety of patterns of growth depending on the initial
conditions, the savings rate (1 - ¥), and the rate of exports (7). But
there 18 no reason why any economy should have constancy of savings and
exports ratio. Instead, especially for an underdeveloped economy the
planner should choose a path thich is optimal in some sense and this is

very unlikely to be a path with constant savings and exports ratios.



CHAPTER III

THE SOLUTION OF THE OPTIMAL PROGRAM

he criterion for optimality in our model is of the Ramsey-Fisher type.
This reduces the problem of optimal intertemporal allocation to the problem

of ordering different programs in an ordinal sense and choosing the one

which achieves an extremum.

The technique we shall use is that of Pontryagin's Meximum Principle

[26]. 1In addition, certain results of Arrov's related work [1 ] will be

used. Ve shall first state in general terms the necessary and sufficient

conditions for an extremum in Arrow's notation and shall then apply it to
our model., All variables are functions of time.
Let

X

il

& state vector

v

]

a control or decision vecto:xr

Let the state vector he required to satisfy the transition relations
x = T(x,v,t)

and the constraints
F(x,v,t) > 0.

The problem is to

Maximize Ofw e ® (t)u(x,v, t)at

subject to these conditions.

Define a real valued function, called the current-valued Hamiltonian,

as follows

m
fl
jasib]
)

i

u(x,v,t) + pT(x,v,t) + qF(x,v,t).

32
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The variable p is a "co-state vector" and is a continuwus function of

time; in a number of contexts it may he interpreted as a piice vector.

Define the Lagrangean expiession

L =H+ qf(x,v,t)

Assume that

the functions u(x,v,t), T(x,v,t), F(x,v,t) are

independent of time (stationarity);

the Hamiltonian is a concave function of x for

given p and t.

General. propositions. We shall use two propositions, which can

be established.

Proposition 1. Let v* be a choice of instrument vhich maximizes

the objective functional. Then there exists co-state variables, continuous

functions of time p(t), such that for each t

1.

0

v’ maximizes the lamiltonian H subject to the constraints

Flx,v) =z ¢
. e aL
by =op; axi and

the Dagrangean moltipliers g are such that

= =0 qz 0, qF(x,v) = 0
the pi satisfy the following transversality condition:

1im e

t p.(t) =0, for all i
t - *
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Poposition 1 gives necessary conditions for a maximum while the
followving proposition gives sufficient conditions.

Proposition 2. Let (x,v',p) be the Pontryagin path (the path vhich

fulfills the necessary conditions stated in Proposition 1l). Then if the
assumptions of stationarity and concavity of the Hamiltonian hold, and
if along this path x and p converge to a stationary state (i*,p%)~-values
of x and p for which X = p = O--and if p° = O, then the path is an

optimal path.

Applicetion to the model. Ve can now apply these propositions to

our model. In owr case we have

H

it

wfve(x)] + Pk + pd

and L

i

a+ q&

Then v and oF maximize the Hamiltonian and

. oL
Py = 0P " 3K
- 3L
Py =8P - 53

qQ =0, qd = 0, for all t;

lim oot pi(t) =0 i=1,2.

t o

The economic interpretation of the co-state vairiables is as follows:
they measure the marginal contribution of the corresponding state variables
to the utility functional. They are "dynamic" Lagrangean multipliers,
or social "shadow prices". This means that the Hamiltonian is the current

flow of utility from all sources (both the current utility and that
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anticipated in the future). Tae fubture contribution is given by the
inner product of 2 and X, . The negative sign of P, occurs because the
debt d is a burden on the econony so that its contribution is negative.
The equations concerning ﬁ say that iith perfect foresight the sum of

capital gains and the marginal productivity of the capital should be

equal to the interest payments.

Nov ve have for the Lagrangean expression

L = ulve)] + Py (LEE) (@ - v - o) - r@A] (@ + ) = (u + n)iO)

+ 0y + QUL - v - ) - r(a)als + ar(k) - of(k) - nd).

Maximization of I with respect to v, ¢ gives the following necessary

conditions. First,

oL . AL
%-'.V. =0 21Le€,y %‘,‘; = {u' - Pl(l + ﬁ) - (p2 + q)r}]f(k) < 0.

’

This implies

t

n o= Pl(l +B) + (92 + q)p and v is an interior point,
oxr | i.e., 0KV <1l

u' > p L+ p)+ (o, + adp, and v=1l
or

u' < p (1L +p)+ (py + als and v = 0.

. ¥ . .
Clearly, since u (c) »= as ¢ - 0, v will never become zero in an
optimal program.
Secondly,

SL oL
Se 505 5> =-(py +p, + Q) + p)E(k) = 0.



36

This implies

pl+p2+q=0, 0< o <A
ox

pl+p2+q<0, o =X
or

P+ P, + Q>0 c =0

and from Proposition 1

By =8y - 52 = (64w + n)py - o (VIE()]IVI£(R)]E ()
- (1 - v - o)L+ 8)T (k)
- (py + @ - v - 0)8 + - olf (k)
and
D, =8P, - %—;f‘ = (& + n)p, + [p, (L +p) + (p, +‘q)BHr' (@)d + r(d)].

hus, different modes of rotion ave possible for the econony,
depending upon the choice of r and g. The followving table sumarizes
the tvelve possible modes. They are divided into three "patterns” and
four "cases" and are derived from the above conditions on %{’; s g—-ﬁ' and
ond (i.e., the conditiond = 0 or 4 > 0O).

These tvelve distinct modes of motion are described fully by the
corresponding system of four autonomous differential equations. Ve will
look for the description of a stationa y state in each mode, that is, a
long-run equilibrium for the economy. TFrom Proposition 2 ve know that
the patih is an optimal path if the corresponding vector p is non-negative
and there is convergence to the stationary state. In the next section

wve study the modes of motion and investigate the fulfillment of these

conditions.
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Pattern I Pattern II Pattern III

c =0 o = A O0<o <A
Case (a)

- 1
v+o=1|u >p(248) + pp u' > p; (1+8) + DB w > Py
d>o0 Py + P, >0 Dy + P, < 0 p, +py, =0
case (b)
v+g=1] v > P, (3+6) + (pg* ) | u' > py (1) + (py*+ ) u' >py
d =0 Pyt P+ Q>0 pl+p2+q<0 Pyt P+ q=0
Case (c)

t t
0<v<ll u = pl(l+e) + peﬂ u = pl(l+e) + DB u =Py
d>0 Py + D, >0 P, + Py <O Py + Py =0
Case (d)

1
0<v<lf u =p () + (gt a)p|u' =py(2#p) + (ot a8 | W =P
d =0

G+ P + P, >0

q+ Py + Py <O
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Pattern I
case (a) k=-[(g+n)k+ r(@al+p)l
d = of(x) - r(d)ap - nd ,
Py = (& +u+n)p - we (K)py - of (K)p,
ﬁg = (8 + n)p2 + [pl(l +B) + pgﬁ]R' {d), rote:

R'@) =r'(a)a + r@@)

It

Case (b) k ~[(u + n)k + r(d)a(d + g)]

af(k) - r(d)dp - nd

Fue
fl

e
}.J
fl

(8 + p+ n)py - p'p £ (k) - of (k)(p, + q)

Py = (8 + n)p, + [py (1 +p) + (py + A)BIR'(Q)

case (¢) k= [f(x)( -v) - r(@)a] (1 + 8) - (u+ n)k
= [£(k)(1 - v) - r(a)ajs + af(k) -~ nd

P, = (8 + p + n)p, - f'(k)[Pl(l +B) + 3] - paaf' ()

p, = (& + n)p, + R'(a)[p; (1 + ) + pop)
case (d) k=£k)Q-v)Q@+p)- (p+n)k
a = £(k) (L - v)p + af(k)
Py = (6 +u+ n)p, - £ (K)py (1 + p) + pyp - Py

p, = (6 + n)p, - R'(Q)[p; (1 + B) + Pl

Cases (b) and (d) of the Pattern I economy can occw’ only for an
instant since d ;4 0, so that d = © only for an instant. In Cases (a) and
(c) the stationary state is feasible if k = d = 0, but then py and P,

fail to satisfy the transversality condition since Py = .



The following is the phase diagram for Pattern I.

a /

(0,6) k

So Pattern I cannot be the terminal phase of an optimal program.

Pattern II

Case (a)

Case (b)

Case {c)

case (d)

X = (o + n)k + r(d)d]

a

= (@ - A)Ff(k) -~ nd
= (5 +p+n)- £ &{E - - pl(l +p) - PR~ (o - %)92]

(8 + n)p, + [py (L + B) + ppIn’ (@)

1

= -(p + n)k

= (@ - A)f(k)

(®+u+mn)p - £(RQ - -p)E+8)- (p, + )
(e~ N, + @)l

(® + n)p, + [py (L + ) + (p, + q)BIR' (@)

ft

=[f(k)(X - v - A) - r(@)a](1 + 8) - (p + n)k

= [f(k)(X - v - A) - r(@)alp + of (k) - Af(k) - nd

L}

(6 + u o+ )y + A () (g + P,) (2 + p)(L = P - pyat’ (¥)

]

(6 + n)p, + [p (L +p) + ppIR' @)

£ - v - )L+ p) - (u+ n)k
TR (L - v - A)p + a = )

it

(® + u+n)p, + £ (k) A(p; + p, + @)L +p) - p; (2 +p)

+8(p, + a) ~ (v, + q)o]

(® + n)py + [py (1 + ) + 8(p, + Q)R (8)]
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It is obvious that in this pattern Cases (b) and (d) ave achieved
only momentarily. This is due to the faet that these modes have 4 = 0
but d # 0. 1In Case (a) the economy ill grow to the origin asymptotically
but the co-state variables violate the transversality condition while d

has no stationary state.

Thus, the Pattern II cannot be the terminal phase of an optimal program,

Pattern IIT

case (a) k= [ (u + n)k + »(@)d (L + p)]

L

d = af(k) - nd
by = (6 +u+np - £ (XA - ap,
p, = [6 +n - R (a)]p,
Case (b) k = -(p + n)k
d = of (k)

Qe
it

, = (®+p+np - £ ()Q - a)py

p, = [(& + ) - R'(d)]p,
Case (c) k = (£(x)(1 -v -0) - r(@)a]J@+p) - (p+n)k
d = [£(k)(L - v - 0) - (a)a]p - of(k) + af(k) - nd
Bp= (G +u+n) -2 @A -p
p, = (& + n) - ' (a)p,
Case (@) k= £(K)(L - v - o)(L+8) - (u+ n)k
a = TR -v - 06)p +a-~ o]
I‘)l = (5 + (53 + n)pl - f’ (k)(l - C:)pl
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In this pattern Case (a) has the stationary state at the ovigin but
violates the transversality conditions, vhile the system can stay in
Case (b) only for a moment., We are thevefore left with Cases (c) and (d)
in this pattern. Here a stabtionarity state is possible and the trajectory

is in the interior of the contiol set. We will call thic an "Euler

Trajectory".

The study of the Buler Trajecto:y. This is a possible candidate for

the terminal phase of an optimal trajectory. Its stationary point is of

interest, as with the nature of the motion of the system.

To stay in this pattern of motion for a finite period of time implies
P, +p, =0 and Py + P, = 0

The equations for ﬁl and 52 were given above. They are

Py = (5 +p+n)p - £ (A - )
P2 = (5 + n).p2 - R'(d)pa

Hence, Py + P, = 0 and Py +p, = 0 imply

(1) £ (1)@ - ) - p=Rr@)

The left-hand side of Equation (1) is the productivity of the capital
net of depreciation, while the right-hand side is the marginal interest
payment. On the Euler trajectory they are equal. This is precisely the
condition for efficient atemporal allocation (marginal benefits equal
marginal cost). So the level of debt satisfying (1) is the optimal level
of debt foi the economy. The left-hand side of (1) is a decreasing function

of k (since f(k) is strictly concave) and the »ight-hand side is an
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increasing function of d. Ecquation (1) gives us the implicit relation
betuveen the optimal level of debt and capital/la.bor ratio. To study the

properties of this relation we differentiate totally. This gives
£ ()2 - )i = " (@)a + 2r' (@)
and

dd _ £ Q- o)
dk "y (d)d + 2r'(d)

so if d = g(k) vhere d = optimal level of debt then

ad
ax <0

a:g(k)
since £ (k) < 0, " (d) > 0, v'(d) > 0 and (L - &) > O. This implies that
as the capital/labor ratio increases on the Euler trajectory, per capita

debt decreases.

The function g(k) is showvn in the following diagram.

]

Rewi
\;“/— egion C

N\

\
Region A \ Region B

\

\
i

Region D

e o e e ae e we g e e e

K
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The function g(k) creates four distinct regions in the (k,4) phase space.
1. BRegion A: f£' (k)L -a)>R' @)+
2. Region B: £ (kX)L -a) <R @)+
3. RegionC: £ (@)1 -~¢q)=RR'(a)+y
4. Region D: k > X*, vhere X¥* turns out to be the stationary-

state capital/labor ratio.
The value k satisfies £'(k)(1 - a) = R'(C) + p.
e now turn to the study of the stationary states on the Euler trajectory.
There are two distinct possible stationary states where the economy can grow,
To which stationary state the economy 1ill tend depends upon (1) the interest

rate schedule and (2) the planner's discount rate §. Doth these stationary

states have the same capital-labor ratio.

At the stationary state the motion of the system becomes zero, i.e.,
(2) P1=P2=k=d=oo

Let X', d*, pi*, pa* be the stationary state.

Then, solving (2) we obtain

£ )L -¢) =b+p+n
Since £(k) is & strictly concave function, k¥ is unique. Ve also obtain
g(x*) if r(0) <85 +n
’O ifr(0)>84+n

* 3* t, % 3
P, =-p, =ulviK)],
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N3

L
J

where v and ¢ satisfy

() -~ v - &) = =(@)a*1@ + B) = (p + n)X
[£(*)@ - v - ¢") = x(@)a*1p + of (&) - of(K") - nd" =0

and

Q

A
>
*

Now,
k-“- < » ) 'V‘* < l ’
which implies

0< u'{v*f(k’"")] <= .

That means pl* = u'[v*f(k*)} is finite and hence the transversality condition

pi* > 0 is satisfied. Therefore,

t 9

It follows from Proposition 2 that the Eulér trajectory, vhen it exists,
is the terminal phase of the optimum progran.

Nov we have a pair of non-linear, autonomous differential equations.
To study the existence of the trajectory we study the system in the
neighborhood of the stationary point. We take the Taylor's expansion
around the stationary point and linearize the system. Ve then study the
signs of the eigen-values of matrix of the resulting linear differential

equation system.

Because u' {v[f(k)]} = p, , vi(k) is a function of p, . Then since
exports of(k) are a function of vf(k), we can write

(v + 0)£(k) = Toy).
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an (p, ) ’

Ve note that p%_ < 0, We have

vd
1}

(@ + p£Q) - T(p))] - & + )k

Py

[8+p+n-7f (KA -a)lp

Expanding around the stationary po;nt ve have

i £ (K@ +p) - (w+n) T (py) k

]

-t

p|  |-£ Q- a)py S erpan - EQ -] in ]

The eigen-values of this matrix are kl and %2, wbgre kl and Ra are the

solutions of the quadratic equation

A - g (ko + 81N - [ (py)E (B) + £ (k) - (w+n)) =0

Let
e (k) + 8] =0
and
SE)E () + £ (k) - ()] =c
Then
N A b -d ¥R - e
1 ‘ 2 » N 2 !
But
£' (k) > 0 implies b > 0
and

t L1
I (pl) <0, f (k) <0 implies ¢ < O.

This means that A, > 0, %2 < 0.

1 Hence, the stationary point is a saddle

point. Therefore, there exists a unique trajectory passing through the
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stationary point and this is the natural candidate for the optimal

trajectoryler].

Synthesis of controls. Ve can nov qualitatively characterize the

optimal program. The aim of the optimal trajectory is to become an Euler
trajectory in its terminal phase. Ve can see what contirols the econony
ought to choose to achieve this aim when it is in any of the regions

A, B, C 0 D defined in the preceding diagram. For this purpose ve
prove several lemmas.,

Lerma l. If the economy is in the region C it stays in the region,
choosing the Euler trajectory, and asymptotically grows to
the stationary state.

Proof. We appeal to Proposition 2, since the Euler trajectory

satisfies the both necessary and sufficient conditions of

that proposition.

Now ve turn to regions A and B. Ve need the following lemmas to

qualitatively characterize the controls.

Lemma 2. Switching from Pattern I to Pattern III occurs only in
region A.
Proof. 1In Pattern I, 12 + P, > 0. So for switching from Pattern I
to Pattern III to occur (Pattern III is the terminal point),
in the neighborhood of the switching point

Py ¥ P, =0
and

P, P

b )

Py Py
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which means
(@ +p+n)-£E&Q-a)<@®+n)-R(Q)

£' (k) (1 - a) > R' (@) + p.

But this, by definition, is region A.

Svitching from Pattern II to Pattern III occurs only in

Leima 3.
region B.
Proof. The argument is similar to that used for the previous lemma.
In the neighborhood of the switching point ve must have
and
e
Py P
This implies
£ (k)L - a) <R (@) + y,
viilech, by definition, is region 3.
Lenma 4. Svitehing from Pattern I to II or fyom Pattern II to I
cannot occur.
Proof. If svitching from I to II vere to occur in the neighborhood

of the switching point the folloving would de true:
pl + pe = 0 and Pl < pg

This implies

£' (&)L -a) >R'(k) + ¢



T

)

2,

A8
vhich can only occur in region A. Similezly, if switching
from II to I vere to occur it would have to be in region 3.

The optimal trajectory has to switch to Pattern III eventually.
Pow let us suppose that swvitching from I to II occurs.
(in region A). Then to switch to the terminal phase of the
optimal program there must be a switch to Pattern III. From
Lemma 3 ume knov this can occur only in region B.
Mut once in Pattern IT (o = A) and in region A
[£' (k)@ - o) > R'(d)] the economy cannot enter region B (i.e.,
' (xX)(1 - a) < R'(d)), since debt (d) is decreasing. Hence,

we have a contradiction.

can synthesize the controls in the following swmary.
If the initial state of the economy is in region A, i.e.,
£' (k) (1 - o) > R'(@) + p, then the optimal policy is ¢ = 0, i.e.,
accurmulate debt and reach d = g(k) as fast as possible and then
suitch over to the Euler trajectory.
If the initial state of the economy is in region B, i.e.,
(1 - o)f' (k) < R'(Q) + o then the optimal policy is ¢* = A, i.e.,
deaccurulate debt as fast as possible and vhen 4 = g(k) switch over
to the Euler trajectory.
If the economy is in region D, i.e., k > K*, then deaccumulate

capital as fast as possible and go to the stationary state.

The following phase-space diagrams depict the optimal program.



k%

jd

k<X

Case I

1A

<k

s
] ey

Case II



50

Mucther remarks. Ve conclule the analysis with several remarks.

1. The 1hole analysis can he easily extended if e allor neutral
technical change in Harrod's sense (if the production function is
Cobb-Douglas then Hlcks' neut:rality is the same as Harrod's
neutrality). Such technical progress really neans that ve need a
ne measure of labovr supply, i.e., "efficiency”" units of labor.

To be precise we have a production function

T = T(k,L,t)
= Flk,A(t)1]
= [A(t)LIF(k,1), +there k = k/[A(t)L] .

Also,

sr

Y = T% - k),

.o o) . \ . . . 1
so if N b ve can define the effective rate of increase in labor n

it

as n =n+ b vhere n = tte population growth rate. The entire
preceding analysis can then be repeated.

2. If e allov the country to lend, then the only modification that
occurs is that e have to additionally assume that the marginal
interest earnings are a decrreasing function of credit. Ve may
then have in the Stationary state d < 0, i.e., the country may

hecome & creditor along the optimum path.

L9

. The terminal debt level depends upon r(0) and &. If & is quite
large then the country prefers to hold a debtor position rather
than a creditor position.

4. The optimal debt level has another policy implication in the mavket

econonty. At this level the marginal Productivity of capital is equal
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to the marginal interest payments. !Mow if the borroving is left
to an atomistic borrover the borrowing tends to be excessive.
The "myopic" private borrouving of such a borrover +ill fail to
take account of the fact that an increase in his per capita
borroving increases the cost of borrowved capital for the society
as a vhole. e will borrow until the marginal productivity is
equal to the average interest rate r{d) rather than to r' (d).
This yields an inefficient program for the economy. There is
then a clear case for an income tax on the earnings from the
borroved capital.' One has to find the optimal tax rate t --the

rate vhich will equate the private return to the social cost of

borroving.



CHAPTER IV

SOME NUMERICAL EXPERIMELTS I¥ THE COUTEXT OF THE IL.DIAW ECOLOMY

A. Introduction

Professor S. Chakravarty [ 5 ], in a review of optimel investment
planning models, notes that in these models the important question which is
left wexplored is the sensitivity of the policy variables to the paranmeters
of the model. Professor T. Koopmans [ 17 ], in his Irving Fisher Lecture to
the Econometric Society, remarks that to date there is only one study available
which explores the quantitative implications of the optimum growth models.

The important parameters which determine the policy in these models are the
time horizon, the terminal conditions, the utility function, and the discount
rate. Interest in the time horizon and the terminal conditions is obvious.

The planner would be naturally interested in the effect of "myopia" on the
policy variables. Because of uncertainty about the future and information
constraints, use of a shorter time horizon is appealing but may be sub-optimal.
Similarly, the question of terminal conditions is both a logical and an ethical
one. Any terminal condition is necessarily arbitrary and means specific
capital resources bequeathed to future generations. Professors A. Manne and

J. Barr [21}have explored these guestions in their study of the one-sector,
linear-technology growth model. They found that the policy variable
(investment) is very sensitive to both the time horizon and the terminal
conditions.

The utility function and the discount rates reflect the preferences of
the economy. The assumption we have made about utility functions in our
model (concavity) allows us to consider functions of the following type:

ule) = c” where 0 < 1< 1; nis the elasticity of utility and is assumed to

be constant.

52
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The utility function expresses tie valuation of clternative levels of
consumption. The marginal utility function u'(c) represents the distributional
weighting system for generations attaining different levels of consumption.

On the optimum path u'(c) is equated to the shadow price of capital (pk).
Thus with a concave ubtility function, u'(c) operates much like a progressive
tax system. DBut the weights implied by u'(c) ignore the time at which the
generation lives, and in the absence of any discount factor, the maximand,
being an integral, tends to favor future consumption over current consumption
in an economy satisfying our assumptions. Thus, due to the asymmetric

nature of trade-off between the present and future generations the question
of equity between generation arises., The discount rate § reflects a judgment
as to an equable distribution betueen generations.

Jie nov report on some experimental studies in which there was speciazl
interest in the sensitivity of the policy variables to the valuation
parameters (B,n). The time profiles of the control veriables generated in
these experiments are not offered here as the policies that should be followved
by the Indian Planners. Rather, the aim of the study is to make more explicit
the relationships betwveen the ethicel values of the society (reflected by
the parameters & and n) and the optimel policies implied by these values.

If the terminal conditions on the state variables in the finite horizon
model are the same as their stationary state values in the infinite-time
problen, and if the horizon is long enough (i.e., the final state is attain-
able), then the optimal program is similar in a finite-borizon
version to the optimal program in our original infinite-time
version. S0 in these experiments the time horizon vas fired and was taken

to be 57 years. The terninal conditiomson the state variables were the
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corresponding stationary state values (¥,d¥). The following values of &

and n vere studied
5 = 'U{S’ -l, 0125, -3-5 and n = cl, .2, .é:; -6, 08
Thus, there were 20 cases in all.

B. The Experimental Studies: Jlesults

The folloving are the conclusions that emerged from the numerical

experiments.

1. In all the cases the investment program (l.c) shows the turnpike
property. In the beginning three years the rate of capital formation is
quite high. The consumption in the beginning years in these programs turns
out to be quite low. This may not be politically feasible and indeed,
compared to present performance, the savings rate of .3 to .45 is quite
wrealistic. There should be a minimum per capita constraint in these
rodels,e.g. the utility function should be augmented with the constraint that
c(t) > ¢, all t, where ¢ is a lover bound on per capita consumption.

This conclusion is further strengthened by the fact that, in under-
developed economies, productive efficiency may be closely related to per
capita consumption. Under-consumption may reduce productivity because of

malnutrition, lack of public health services, etc.

2. The high capital formation rate in the first few years, even if the
economy is willing, may be infeasible because of the lack of complementary
inputs--skilled manpower, organizational skills, and so forth. To mve
realistic policy recommendations perhaps some ceiling on the investment rate

should be included to reflect these constraints.
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3. In the range of variation of & and n explored in these experiments
the values taken by the policy variables in the first few periods are much
more sensitive to changes in 1 (the elasticity of utility with respect to
consumption) than to changes in 8 + y + n. In fact, it turns out that if
the value of & + p + n is changed by x percent the initial values taken
by the policy variable exhibit a change of the order of .C5 x percent.
This information is quite useful for the planner.

The term & + y + n determines the terminal state to which the economy
is driving itself. Now the coefficients y and n are depreciation rate
and population growth rate. These are empirical constants and difficult
to measure. But suppose the planner has chosen & = ,10. Then even if
there is 50 percent error in the measurement of p and n the initial response
of the economy may be quite close to the true optimal policy had the
correct information been available.

As we remarked in the last chapter, we have not included technical
progress in ouwr model. It turns out that if Harrod-neutral (autonomous)
technical progress is present in the economy and if, say, its typical
value is 1 to 1.5 percent per year, the initial response of the economy
generated by our model would be close to the optimal response in a model
incorporating such technical progress. For, as remarked in the preceding
chapter, technical progress of 6 percent per year only modifies our model
by redefining the effective population growth rate at n' =n + 6. Then
5 + u + n' determines the terminal to vhich the economy is driven. But
as we have noted, the sensitivity of the initial values of the policy
variables to changes in 6 is small., This is important for the planner

as it is very difficult to measure the rate of technical progress.
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Of cowrge, ouwr comments will not be tiue if technical progress stems from
other sources, as, for example, from "learning by doing," as discussed by

Arrovs,

4., The exports required to keep the economy at the optimal debt level
(i.e., the level vhere marginal. interest payments equal marginal produc-
tivity of debt), given our estinated production function and interest rate
schedule for the Indian Economy, turn out to be above C percent in the
initial years, his is much above the present capacity of the Indian
Economy to export.

Presently exports are about .06-.065 times G.N.P. This means that
even if aid or borrowing is available, India should concentrate on exports
expansion ox else on import-substitution (i.e., on reducing § and ¢ in
our model). This also signals other underdeveloped economies that the
available borrowving should not render them any sense of security. In fact,
borroving in the short run may involve in the long run, a serious problem
of repayment. So it appears that expansion of trade and/or import-
substitution in the capital goods industry is essential for the Indian
econorly. Of course, we have not taken into consideration the problems
of worsening terms of trade, fluctuations in the exports earnings, the
uncertainty of borrowing or aid agreements, and tied aid (i.e., the aid
has to be used to purchase goods in the donor country). All these
considerations may perhaps strengthen the arguments in favor of import-

substitution and expansions of trade s:ill further.

5. The results of the computations are summarized in the accompanying
graphs. All the graphs depict the tine-profile of the followving variables:

k, the capital/labor ratio; ¢, the per capita consumption; v, the consumption
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coefficient; g, per capita exports. Xach graph depicts one of the tventy
cases stuwdied,

The horizontal axis is time and the vertical axis shovs all the
above-mentioned dependent variables. The number k(0) represents the
initial capital labor ratio. The base year (year 0) corresponds to the
year 1964; the value of k(0) is 170C Rs per capita. The number 4(0) is
the initial debt level if the debt is optimal (i.e., (1 - a)f'(k) - p = R'(d))-
Its value is determined, given the estimated production function and
interest-rate schedule; its value turns out to be 151.3 Rs per capita.
The actual value of per capita debt for the Indian economy in the year

1964 was 169 s per capita.

C. The Experimental Studies: Computational Techniques

The algorithm. The algorithm which was used to solve our problem

was developed by NASA Research scientists at the Ames Research Center.

We will briefly summarize it here. A fuller description is reported by

E. Stewart et.al. { 36 ]. The algoritim performs a global search for the
optimal solution by solving the differential equations derived from the
necessary conditions according to the Pontryagin Maximum Principle. In
solving these equations one inveriably encounters a mixed boundary-value
problenm. Usually initial conditions are known on the state variables and
the transversality conditions give the end point conditions on the co-state-
variables. So one has to find correct initial values of the co-state
variables (the pi's)—~values such that the necessary conditions are

satis{ied by the resulting differential equations and so are the terminal

conditions.
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The algorithm used is called the “The Adaptive Random Search Algorithm",
Its basic approach is o select the initial value of the vector of co-state
variables from a "noise" source which changes from one repetition to the
next, nanely, & Gaussian distridvution with the mean mk and standard
deviation gk vhere k is the number of the repetition. Thus, on the k-th
repetition the vector of co-state variables is pk = mk + zk vhere E(zk) = 0.
In the k-th repetition pk becomes p(C), the initial value of the co-state
vector. The values of p(0) and x(0) are sufficient to define a solution

to the differential equation system

x = £(x,u,t)

g(x,u, t)

Lo )
1

;:o
]

u(x,p, t),
where
x = gtate vector
p = co-state vector

u = control vector,

and u rmaximizes the Hamiltonian Ii.

The final state xk(T) actually achieved (vhere T is the time horizon)
will generally fail to satisfy the desired terminal conditions and similarly,
the final values of the co-state variables pk(T) will fail to satisfy the
transversality conditions., So a metric function is introduced to measure
the difference between the desired terminal conditions and the actual
boundary conditions.

The metric is the vector J© = (Jﬁk, ka) vhere Jvk is itself a vector

. . k
vith coordinates Jk corresponding to the state variables. Jk k takes
1 i
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e k k
one of two alternative forms, either J_ =~ = lxi(T) - % (T)| oxr
‘bi
c 2 i
I ko E[xi(T) - xik(T)] s Where xi(T) is the desired terminal value of
i

the state variable X, and xik(T) is the actual terminal value at the k-th
repetition. The vector ka has coordinates vhich take one of the two
analogous forms for each of the co-state variables. The correct value of
p(0) vill make the value of J equal t0 zero. But in the actual computer
similation the boundary conditions on the x and p will never be precisely
achieved. Hence, an arbitrary vector & is chosen such that the terminal set
is enlarged until the metric J is less than €.

he purely random search desciibed above has long convergence time
so an adaptive random search is performed by the algorithm., This improves

the convergence property by varying the mean m and the standard deviation ¢

as a function of the past performance,as measured by the metric J. To be

precise,
k+1 2 C <
m =m(Zl,Z ,.--,Zk Jq,Jl,n..’Jl)
k+ 2
o] l =U(zl,z ,.-.,Zk JO,JJ"...,Jk)
and pk+l - mk*l + zk+l .
Also,
E(zk+l) =0
/Q ifj =k

Cov(zj, zk)

#

0 if j £k
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Implementation. The kybrid computer (digitel-annlog) system was used
to implement the program, Each revetition can be divided into the two
steps 1) integration of the equations of the motion in the interval [0,T]
and 2) execution of the algoritim. The analog computer does integration
in Step 1 103 times faster than the digital computer vhile the second
step is done best by the digital computer.

The analog however, is not as accwrate as the digital. In solving our
problen ve found that the initial value of p has to be correct up to 5th
digit accuracy on each of the cooxdinates. This restricts the use of
the analog cormputer. But, in our problem we could implement the program
to investigate the trajectory, provided the economy hes optimal debt
level initially. Tor in this case on the optimum trajectory we have Py = Py
which implies that we have to guess only one value of p., This was then
within the accuracy of the analog computer.

The digital computer used in executing this program was an Electronic
Associates, Inc. (EAI) model 8400. It is a medium size high-speed computer
vith 15,000 vords of core memory with 32 bits per woxd.

The anclog hardware consisted of an EAI 231 R-V analog computer. The
state equations and co-state equations were programmed in standard fashion.
For continuous output a display console was connected to the analog
computer to provide visual read-out of the variables.

The folloving diagrams show the sequence of events during one repetition

and the hybrid system hardware.
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D. Estimation of the Parameters used in the Experimental Studies

1. The Production Function

A production function is a technological relationship. It specifies
the maximum possible output for given input combinations. If the outputs
are many, then we may have to use a set-theoretic concept of production
possibility set, i.e., & point-set mapping.

The aggregate production function is used extensively in modern economic
growth literature. The criticism against using such a concept is fierce.
Critics argue that there is no such thing as an aggregate capital stock
(i.e., capital "jelly") and, that, in fact, the economy has heterogeneous
capital goods and aggregation is almost impossible (unless there are extreme
restrictive conditions; see Green [ ]). Critics of the aggregate production
function recommend the use of activity analysis, vhich describes reality
better than the neo-classical production function.

The use of the aggregate production function can be defended on the
following grounds: 1) the enormous data and computational requirements of
handling the disaggregated capital goods model; 2) the use of the aggregate
production function in the "surrogate" sense. The argument here is that the
econony behaves as if it has such o production function on the macro-level
vhere there are homogeneous inputs; 3) in much of the development planning
literature, the simple fixed-proportion Harrod-Domar type p.oduction function
is used. Use of such a function completely ignores the substitution possibil-
ities foir underdeveloped economies. Professor B. Hansen has shown persuasively,
from enpirical findings, that such phenomena exist in the U.i.Re [ 1.

Professor Schultze has similar observations on many Ieotin American economies{ 1J.
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We will. argue that the neo-classical production function is 2 better approxi-

mation tiaan the ones chiefly used so foar in the development planning literature.

The assunptions. Ve will assume that there exists a relationship on the

macro-level between aggregate output and inputs. We will assume that the
production function is of Cobb-Douglas form with constant returns to scale.

We will assume that there is no technical progress, embodied or disembodied,

]

lee, Y =AK IX® yhere 0<a<13A>0

oy \'4 Al:a where y = k

Li}

1
=

Y
i >
There are cross-section studies available which estimate a production
function for India's industry and agriculture {4 ]. The production functions

estimated vere also of the Cobb-Douglas variety. The study showed that the
Sun of the capital and labor elasticities is very close to one for industry.
The agricultural studies were for individual crops and the sun of the
elasticities varied from crop to crop. For all crops, hovever, the values
°f the sun of the elasticities were close to 1 (between .% and .95). Iand
a5 included in the agricultural studies as a capital stock. It seems, then,
tat there is no significant indication of the presence of any sharp decreasing
Yeturns to scale or increasing returns to scale.

The assunption of the absence of autonomous technical change O Progress
's adiittedly a veakness., Hovever, there are many statistical and identifi-
tation provlems in estimating such a phenomenon. The deta is rather scanty
fnd in Hany cases, not available. A simple time trend estimate of autonomous

teohni
chnicgl Progress from time series data on aggregates creates the problem of

eolinea‘-.n' . .
“18y in the estimates. Towever, there is an argument in our favor.

The
Study done by Professors D. Jorgenson and Z. Gvilliches[15] shows that,
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at least for the U.S., there 1s no evidence of the existence of autonomou;
technical progress, i.e., they show that almost all the increase in the
output can be explained by the increase in the inputs. arguments on both
sides are being exchanged and the issue is far from settled.

The data that is used here are time series data for aggregate output,

capital stock and labor.

Qutput data. We will use the gross nationsal product (G.N.P.) as the
indicator of the total output. The time series is in constant prices. The
data are published by the Central Statistical Organization of the Government
of India. The published data are, however, for national income so we have
constructed G.N.P. data from the gross and net investments estimates published
by the Reserve Bank of India (G.N.P. equals national income + (gross - net)
investments). A methodological question that arises is how to treat the
output of the public enterprises. In India, this is quite a sizable sector,
especially in the manufacturing goods industries. Ve have aopted to include

the public enterprises output in the G.N.P. time series. The time series are

shown in Table 1.

Labor services. This variable should be measured in terms of a standard-
ized unit, e.g., equivalent man hours. There are two problems in generating
such data: one has to aggregate the different kinds of labor endowed with
different skills and having different demographic characteristicé (age, sex,
etc.); and the weights used in the aggregation may have to changé over time if
the aggregation is to be meaningful.

For India the data availability is rather scanty. The only data available
are those of the "economically active population" (i.e., the population between
age 15-50 years) from the census studies in 1951 and 1961. There are data

available on "labor par#icipation" which provide some estimates of under-



Table L

(Date are in billion s and constant 1843-4C prices)

;National 2 >

Year income 1088 It et It G.iL.P.
5L 83.50 10,06 7.21 0.3

52 QL.CD 11.57 3.77 04,20
57 4.6 10,92 7.24 9B.71
54 100.07 11.25 3.08 1.03.456
55 102,830 13.¢6 10,29 106.47
58 104.80 16.46 12.61 100.65
57 110.00 15.74 14.46 114.28
58 102.00 21.75 16.78 114.C0
5% 116.50 18.12 17.17 120.50
an 118.60 20.17 14.81 124.93
51 127.30 24.71 18.26 1332.70
&2 120.60 24.71 17.35 153.00
63 133.00 26,78 13.75 141.00
64 25.00 25.5¢ 16.92 147.50
65 150.00 26.00 16.46 15¢.00

lSource: "Statistical Abstract of the Indian Union,"

Central Statistical Organization, Government
of India, New Delhi, 1966,

Source: "Savings and Investment in India," T.C.A.E.R.,
New Delhi, 1966.
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employment and unemployment. Tor the estimates of labor inputs i.. non-census
years ve malle appropriate assumptions abvout the labor growth rates. Ve assune
the constancy of the demographic stiructure of the popwlation and the rate of
utilization of labor. In the post-census years ve assume the growth rate
of labor to be 2.25. This is the growth rate postulated by the planning

commission, The resulting estimates are shown in Table 2.

Table 2

*
Iabox Estimates
Economically active population (1961) (in millions)

Total Econ. Active Yea: Tabor
Male 226.29 129.17 51 134.4
Female 212.9 52.5 52 137.4
53 140.3
439.19 | 183.67 Totals 54 147
c J.
55 147.0
55 150.1
*Source: “Statistical Abstract of the o1 153.4
Indian Union, Central Statistical 593 157.0
Organization, Government of India,
New Delhi, 1966. 5% 162.3
60 163.0
61 172.0
62 175.6
63 179.4
64 133.0
65
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Copital-stock data. Capital stock is more difficult to nmeasure. In

an ideal vorld vhere all the machines axre alike at each instant of time, the
ideal meesure would be the number of homogeneous machines. Bub, in reality,
capital stock consists of various kinds of machines, buildings and lands,

and each may be of a different vintage. The only way one can aggregate then
is in value terms--i.e., in some constant Rupee value. The ideal price index
to use in obtalning constant-price estimates rould reflect the changing values
»f capital services. Since such an index wvas not available ve used the
investiient goods price index (shoim in Table 3) as a deflator. Because of

the paucity of data on the age structure of the capital stock ve also

approxinated capital services by using tie net capital stock instead.

Table 3

*
Price Index (1952-52-100)

General V Investment
Year price index price index
51 125.¢C 11%.0
56 102.7 104.9
57 et 108.0
58 111.0 108.0
59 115.5 110.0
60 130.0 121.0
61 125.8 127.2
62 127.5 128.1
63 132.5 120.0
64 148.7 35.0

*
Source: Reserve Bank of India Bulletin,
Bombay, 1965.
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There are no capital stock time series available from the government
publications. The only data available are the investment time series estimated
by the lleserve Bank of India./[gsjthe capital stock for at least one year
has to be constructed and then we can generate the capital stock series from
the investment time series.

The year 1060-6) was chosen as thie base yvear because data vere available
on agiricultwrallcapital stock in that year. This was due to a painstaking
study by Professor Tara Shukla [34]. The data were gathered by Perspective
Planning Division of the Planning Cormiission for the ronufacturing services,
transportation, communications, and other sectors for the yeax 1960-61.

There was a separate study by the Neserve Bank of India measuring the total
tangible wealth in India. Both the above studies were quite close to each
other., The agricultural and other capital stocks were aggregated for thnat
yvear. The resulting series is shown in Table 4.

Table 4

Capital Stock in Billion Rs and in Constant Prices (1942-49)

Year Capital stock
51 152.1

52 156.3

53 162.7

54 168.5

55 174.5

56 182.8

5T 192.3

58 205.9

59 220.7

6n 222,3

61 245.6

62 282.0

63 300.0

64 317.4

65 333.0 N




Bstinmction results. The totol nunber of observations available to

estimate the production function vas 15. Howvever, the observation for the
year 1950 vas dropped because of the unusual drought in that year, which

depressed the total oubput. he index of capacity uwtiliration used was .G,
estimated to be a reasonable approximation; there were evidences of excess

capacity in some sectors. The equation estimated was

log ¥ =a + b log k vhere ¥y = %
k=-L~

The regression gave the folloving estimates of a and b (standard errors in

parentheses):

"~

a

il

120 (.246109),

b

.2445 (.034084)

2 = 0071

The estimated production function is
Y = 12053445 L-6555

If the markets ave perfectly competitive and there is profit maximization
then the shares of wages and profits equal their respective output elasticities.
The capital markets in the Indian economy are far fron being perfect and in
many sectoi's there is monopoly. So we cannot expect the available Qata on
the shares of income to be consistent with the output elasticity of owr

estimate. IHowever, in Table 5 we reproduce the availabdle data to conmpare

these figuwres,
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Teble SW

Distribution of Income (the Whole Economy)
(in current prices and in billion 2s)

Wages and Profit + went Income from Total
Year salaries + interest self-employment income
49 24.33 18.29 44.05 86.66
5 £5.06 19.08 46,04 90.27
5L 26.08 20.76 48.56 95.40
52 27.50 22.14 50.08 ' ‘ 99.72
53 27.81 21.68 48.79 98.275
54 29.23 23.35 52,12 104.76
55 29.24 22.52 44,32 96.08
55 30,32 23.40 46.00 99.80
5T 33.00 27.00 53,00 113.00
53 24.80 27.90 51.20 114.00

*Source: Balbir, Sahem,"Savings and Ecodnomic Development," Calcutta, 1967,
Table V.2, p. 63.

The "income from self-employment” comes from the services sectors and
some of the agriculbural sectors. It is possible that in these sectors the
wage share may be higher as a percentage of total product thnan in the
remaining sectors because of its laboir-intensive nature., Taking account of
this possibility, a reasonable guess is that the aggregate income share of
capitol is between .2 and .4. This is close to the elasticity of capital in
our estimated production function. This is not a proof that the true function
has the form assumed, or that our estimated coefficients are reliable. But

it gives some additional confidence in the estimates.

2. Rate of Depreciation

The nature of depreciation is assumed to be radioactive (i.e., expo-
nential). Several types of capital goods have different rates of depreciation.

The study of Professor A. Manné [22] of the 4th five-year plan gives estimates
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of these rates. Similarly, Tendulkar's work [37] gives some esuimatesz. we

VA
A

chose the average of all these estimates. This comes out to be ,035 (i.e.,

u = .035, in the terminology of owr model).

3. Mkaintenance Imports

Thaese imports are related to the goods imported to sustain current
ccononic activities. The imports are of several types: industrial raw
materials, Tuels, spare parts, etc. he study made by HCAER (Vational Council
for Applied Economics Research) on "maintenance imports" vas the basis for

the estimation of our study [24]. The time series is shown in Table 6.

*
Table 6

(In billion Rs)

The average value of « turns out to De equal to .02 where maintenance imports

oY and whe;e Y = total output.

linintenance Total
Year imports ] imports
52 4.59 9.70
53 2.00 6.67
54 2.91 5.67
55 3.7 6.56
56 3.60 6.83
57 4.62 8.58
58 5.0L 10.35
59 3.68 8.59
60 4,49 9.60
61 5.11¢ 11.21
62 5.00 10.38
63 4.91 11.31 "Source: W.C.A.E.R.,
o | st Loz | ipioRnes ot
65 N.A. H.A.



4. Invesiment Imports

These imports are of the nature of externally produced investment goods,
e.g., machine tools, fertilizer plant, etc. They are complenentary to the
donmestic investments. The planning cormission's draft outline of the 3rd
five-year plan (1961-66) and the 4th five-year plan (1967-72) were used as

the basis for the estimation of the coefficient £, as shovn in Teble 7.

Table T

Investment and Foreign Exchange liequirements (in billion 2s)

Foreign exchange
Total oubtlay recuirenent
- l 2 - '
3rd plan 4th plan *rd plan | 4th plan
Public sector 61,50 IT.A, 15.20 d.A.
Private sectox 42,00 H.A. 5.10 A,
Totals J 124,00 277 .50 20.30 58.50

Estimate: 9 = .2

1 . . . Y s .
Sowrce: Third Five-yea: Plen, Plenning Commission, Government of India.

2
Souvwce: Fourth Five-year Plan, Planning Commission, Table II and
Table V, Goverament of India.
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5. Exnorts

| The data we have are the observed levels of the exports and what we
reaily vant to estimate is A, the maximum propensity to export. In bur
judgment, the economy, vhose planners have shovn considerable attention to
the scarcity of foreign exchange, il export ag much as possible. This may
especially be true vhen an important criterion used hy foreign-aid donors in
providing external lending is the perfo:mance of the exports of the domestic

econony. The observed exporis will give a reasonable estimate of A.

Table 8*
Lxports
Exports (percentage
Yeax (billion 2s) of G.MN.P.)
55-56 6.09 6.0
5(-59 6.20 5.0
60-61 6.57 4.5
61-62 6.70 4.5
62-63 5.85 4.7
63-64 T.90 4.7
64-65 8.10 4.8

*Source: "Statistical Ab i ion," i
Noo Délh%?alQ%YFtraCt of the Indian Union," Government of Indis,

This table indicates that A is in the range .05 to .075.

6. Debt

The HMinistry of France of the Government of India publishes data on
external assistance. These figwres give the data for the years 1951-1964
on the amount of resources allotted, the donor, the teins of loans. The
data are first tronsformed into Ilupees from the different currencies (dollars,

pounds, narks, etc.) using the official exchange rates. Some loans were not



T4
fully utilized. Unfortunately, the data do not give exactliy by hww wucnr ony
particular loan vas utilized. So, to construct the interest rate schedule
the following assumption was made: the actual composition of the utilization
of the loans bearing different interest rates is the same as their composition

in the totel loans allotted. The fplloving table summarizes the data.

Table 9
Interest rate Million Rs Cunmlative
4.0% 11457 1457
5.0 2725 4lo2
5.5 640 10690
5.0 TS50 13640
6.5 1725 20765

The numbeyr of observatbtions are rather few. The following interest rate
schedule function was used. he independent variable is the per cepita debt

(d) and the dependent variable is the interest rate r(d).

r(d) = .05 + .N008 d.
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