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PREFACE

This paper is a revised and expanded version of the
seventh in a series of discussion papers issued by the
Office of Program Coordination of the Agency for International
Development. The discussion papers are intended primarily
for circulation within A.I.D. to those persons concerned with
the formulation and review of assistance programs. The
papers (a) summarize recent theoretical and empirical work
on particular subjects which are significant for the program-
ming of foreign assistance, (b) present the results of orig-
inal research and analysis sponsored by A.I.D., or (c) provide
background for discussions of foreign assistance policy. The
ideas which are expressed in these papers are those of the
individual authors and do not necessarily represent approved

A.I.D. policy.
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FOREIGN ASSISTANCE AND ECONOMIC DEVELOPMENT*

Hollis B. Chenery and Alan M, Strout

In most of the underdeveloped world significant
increases in per capita income depend largely on the
avallability of external resources. A crude measure of
this dependence is the net flow of some nine billion
dollars per year from advanced to less developed countries,
which 1s equal to a quarter of their gross investment and
nearly a third of their importsol/ Equally important 1is
the provision of skilled manpower and transfer of technical

skills,

*The research on which tlhis article is based was carried
out bv the Office of Program Coordination of the U,S. Agency
for International Development, The analysis and judgments
expressed are the sole responsibility of the authors,

The authors are respectively Professor of Economics at
Harvard University and Senior Economist, Policy Planning
Division, A.I.D. We are indebted to Jaroslav Vanek,

Joel Bergsman, Lorene Yap, Paula Tosini, and Carmel Ullman
of A,1.D, in carrying out the analysis and to Irma Adelman,
Francis Bator, David Cole and Robert Dorfman four helpful
comments, A preliminary version of the paper was presented
by Chenery to the Boston meeting of the Econometric Soclety
in December 1963,

l/ The OECD countries! compouent of this flow in 1963 was
composed as follows ( Zﬁ}_ p.of.)

(billions of dollars)

Public Private Total

6.0 2.5 8.5



The institutional framework for this resource
transfer has changed profoundly over the past ten years.
Programs of foreign assistance have replaced colonial
relations, and donors and recipients now agree that economic
and social development is their primary objective. Private
investment, which comprises only a quarter of the total
resource flow, 1s increasingly screened ftor its contri-
bution to the recipient country's development. The effect
of these changes is to make the total resource transfer--
which can loosely be called '"foreign assistance“l/——virtually
a separate factor of production, whose productivity and
allocation provide one of the central problems for a modern
theory of development.

The possibilities of rapid growth with a high
degree of reliance on foreign assistance have been shown
in dramatic fashion in the past decade by the experience of
Greece, Israel, Taliwan and the Philippines. 1In each case,

a substantial increase in investment financed largely by
external resources led to rapid growth of GNP accompanied

by a steady decline in the dependence on evternal %inancing.

L/ The Development Assistance Committee of the OECD defines
‘agsistance” to include public grantz and loans of more than
5 vears duration; it also uses a broader definition which in-
cludes private investment, The latter is more convenient tor
our pur~oses, although obviously only part of the total is
"assigtance’” in the sense of an unrequited transtfer of resources.



Not only was the growth rate accelerated by foreign
assistance, but the period required for growth to become
self-sustaining was probably shortened.

This paper examines the process by which a tran-
sition to self-sustaining growth can be achieved and its
implications for aid and development policies. To study
these questiong, the scope of the conventional analvsis
of growth will be extended to include the net resource
transfer as a central policy variable. The growth model
which results shows the interrelations among internal
development policies and the amounts and uses of external
assistance.

The theoretical analysis i¢ designed to permit
an evaluation of the experience of the less developed coun-
tries which have received significant amounts of external
assistance. This evaluation suggests the range of practical
possibilities for accelerating growth through foreign
assistance as well as the conditions which may frustrate
this process. The analysis also suggests international
standards of performance which may facilitate the carrying
out of foreign assistance programs by both -donors and

recipients,



I. THE TRANSITION TO SELF-SUSTAINING GROWTH

The central problem of economic development is
the transformation of a poor and stagnant economy into one
whose normal condition is continuing growth. There is a
broad consensus as to the principal changes that must take
place in the course of this transformation--an increase in
human skills, a rise in the level of Iinvestment, adoption
ot more productive technology, a change in the composition
of output, the development of new institutions, etc,--
but there is considerable controvers, as to the sequence
of events comprising this process. In Rostow's view /I77,
the transition can be usefully broken down into a period
In which "preconditions' of growth are established,
followed by a relatively short period of 'takeoff" in which
there s an acceleration in the rate of growth triggered
by a combination of critical changes in the -~conomic and
social structure. Although the concept of a critical set
of changes taking place in a limited transitional perind
ls also basic to the theories of Lewis £T£7, Ranis and
Fel ZT&7 and a number of other economists, none of them
glves a great deal of attention to the subsvantial dif-
terences in the transitional process made posgible by

foreign assistance.



The usual analysis of a country setting out to
transform its economy without external assistance assumes
that it must provide for all oZ the requirements of
accelerated growth from its own resources or from imports
paid for by exports. Success thus requires a simultaneous
increase in skills, organizational ability, domestic saving
and export production as well as an allocation of the
increased resources in such a way as to satisfy the changing
demands resulting from rising levels of income. The attempt
to increase output can be frustrated by failure in any one
of these attempts--a shortage of skills in one case, a lack
of savings in another, or inadequate export earnings in a
third. When growth is limited in this way by a few bottle-
necks, there is likely to be underutilization of other factors
such as labor, natural resources, and specitic types of pro-
ductive capacity.

The availability of foreign assistance makes
possible a less balanced form of accelerated growth which
can make fuller use of domestic resources. Some of the
potential bottlenecks--of skills, savingz or foreign exchange--
can be temporarily relaxed by adding external resources for

which current payment is not required. 1In this way fuller



use can be made of other resources, and the overall growth
of output may be substantially higher than would be per-
mitted by the rate of increase of the most restrictive
domestic factor.

This alternative sequence recognizes the existence
of a set of requisites for continued growth, but it makes
the timing of their appearance much more flexible. The
full set of requirements for sustained growth need only
become available from domestic sources as the inflow of
foreign resources is reduced, During the course of the
transitional period, however, the additional regources pro-
duced through more rapid growth must be allocated to making
good the deficiencies which are temporarily being supplied
from outside assistance.l/

Two basic questions may be raised as to the
feasibility of such a sequence of events. The first is the
extent to which foreign resources can substitute for missing
lecal factors and actually permit an increase in total out-
put. The second is whether countries which have achieved
an initial success through ewternal assistance Ww1ll take

tie further steps needed to redice their dependence on it

1/ In criticizing the notion of "prerequisites' to
industrialization, Gerschenkron /7, p.355/ suggests other
possibilities of substitution for the missing requirements
which stimulate their subsequent development,



in the future. The simple model proposed in the next two
sections states the conditions for successful performance
in quantitative terms which can be used in assessing the
available evidence. Several less restrictive forms of
the basic model are analyzed in section C to test the
efficiency of alternative growth paths.

A. The Limits to Growth

The local resources that can be augmented
through foreign assistance fall into three general cate-

gories:

(i) the supply of skills and organizational

ability;
(ii) the supply of investable resources;

(iii) the supply of imported commodities and
services,

Aggregate growth models for less developed countries usually

concentrate on the savings-investment limitation. In

analyzing Israel's development alternatives, Chenery and

Bruno {é] extended the Harrod-Domar type of model to include

both a skill limitation and a balance of payments limitation.

A simplified version of this model will be used here to
analyze the effects of external assistance on thas develop-
ment process.

The basic assumption underlying this model is

that at any moment in time there is little possibility of



substitution among the scarce factors: skills, capital
goods, and imported commodities. Over longer periods,
investment can be devoted to augmenting skills through
training and increasing the supply of currently imported
commodities, either through raising exports or import sub-
stitution. These changes require other inputs besides
capital, however, and can only take place at a limited
time rate.

Assuming that minimum quantities of skills,
capital goods, and imported commodities are required to
achieve a specified level of GNP gives three separate
restrictions on the growth process, any one of which may
be controlling at a given moment in time. This type of
production function leads to the description of the tran-
sitional process in terms of three phases, each associated
vith a single limiting factor. The Harrod-Domar growth
>ath will be iden*tified as "savings-limited growth', or
’hase II in our terminology. The relation among the three
>hases over time will be taken up after they have been
mnalyced separately.

Our mcdel is also designed to illuminate the

\Lternative development policies available to governments.i/

l/ The factors stressed in this model are based on more
etailed analyses of development policies and external
ssistance in Israel 1—6—7, Greece 1—1_7, Pakistan ZT97,

lolombia 1—2047, Turkey Zﬁ21_/, and other countries.



Thz effects of government actions are reflected in the

values taken by the variables subject to significant policy
control, denoted liere by Greek letters.i/ The more important
variables used are as follows:

Endogenous (Uncontrolled) Variables

Vi Gross national product in year t

I Gross investment

St Gross demestic savings

Et Exports of goods and services

Mt Imports of goods and services

F¢ Net inflow of foreign capital (foreign

assistance)

Principal Policy Variables

A Ratio of foreign capital inflow to GNP (;E
o Marginal savings rateg/(%€) ‘
k Marginal capital-output ratio (%v)

we Marginal ratio of imports to GNPg/(é%

€ Rate of growth of exports

i Rate of growth of investment

1/ Since government actions only affect the variables
in"an aggregate model indirectly--as savings rates are
altered by changes in tax structure--it is not possible to
make a sharp distinction between controlled and uncentrolled
variables. Qur six policy variables indicate the principal
focus of development policy as it affects aid requirements,
but each of them requires a less aggregated f[ormulation
to gulde government policy.

2/ The average values of these paraméters in year t are
indicated by @ and Ht
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The Skill Limit - The limit to growth that is

inherent in the available human skills can be defined by
asking the question: how rapidly could the national pro-
duct be increased if investment resources (domestic and
Loreign) and imported commodities were freely available

at constant prices? The relevant skills are those of the
labor force on the one hand and the managerial abilities
of government and private entrepreneurs on thne other.

In the case of Israel the skill limit was stated in terms
of tle maximum annual increase that could be achieved

in labor productivity /=, p.87/. However, for most under-
leveloped countries the managerial aspect is probably more
rignificant and the model should contain some limit to
be possible increace in entrepreneurial activity.

While it is not possible to sum up the effective-
less of management in a simple ratio like the productivity
f labor, the management function which is of most concern
0 the early part of the growth process is the ability of
‘he society as a whole to increase productive capacity.

'he measure of this capability to be used here is the rate
)l increase in investment that can be carried out at an
cceptable minimum level of productivity. The training of

killed labor is one cf the requirements for an increase
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in productive investment, but other aspects of skill
acquisition are neglected in this formulation.l/

While it 1s not currently possible to determine
the skill limit on a priori grounds, the rates of increase
in investment that have been achieved without large reduc-
tions in productivity can be measured with reasonable
accuracy. Table A-1 (Annex A) gives such measurements for
31 less developed countries over the past decade or so.
There are several cases of growth in investment of the order
of 20% per annum for a five year period, but none much
greater than 10% for a period as long as ten years. The
upper bound for this aspect of the skill limit would appear
to be 10-15% annual growth save in exceptional cases. This
limit will be called j

The following equations (1) to (7) describe the
growth of GNP and the need for external assistance under
the assumptions that the ability to increase investment
exceeds the initial ability to raise savings. Assuming for

the time being a constant marginal capital-output ratio ( k 2/

1/ This definition of the skill limit is closely related
to the notion of absorptive capacity which is commonly used
to specify the ability of a country tc utilize external re-
sources.

'/ A constart marginal capital-output ratio is of course
only a rough approximation, but there is little evidence of
a consigtent rise or fall in capital required per unit of out-
put in the recent experience of the underdeveloped countries.
The analysis assumes that there is a minimum amount of invest-
m.nt needed to increase output, but the assumption of a
constant ratio over time is purcly a na!ler of convenience.
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and a constant growth of investment ( i )l/ gives:

(1) I,
k I~ V t"lv
T
(2)
o= ot
T
t-1

If investment grows at its maximum rate ( i ),

the amount of investment in any year is given by:

(3) I, =1 (1+ Ot

The upper limit to GNP at time t 1is therefore:

=t

4 = 1
(4) Vi vO +—k—T§O IT

If investment can be increased more rapidly than savings,
foreign assistance will be needed to support this maximum
increase in GNP. The maximum savings that can be obtained

from a given set of government policies are indicated by:

1/ An alternative formulation of the investment policy
variable would express the increase in jnvestment as a ratio
to the increase in GNP:

I -
we - _L__I.t"'_l. = ki
S - \/v - ‘J - lc
t t-1

1f the warginal capital- output ratio remains cors tant, a
steady rate of growth of investment 1mp11es a con<tant ratio
of the increase 1i1n investment Lo the increase in GNP. The
incremental investment ratio ¥' may be used as an
alternative--and sometimes imore convenient--measure of the
skill limit.
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(5) F=8,+ o (Vp - V)

fhe effects of tax and other policies affecting savings
are summed up in the incremental savings ratio, «' ,
which is one of the main policy variables.

The minimum net inflow of foreign capital is

determined by the difference between investment and savings:l/

(6) F. =1, -§

C t
t-1
Since g It - IO [(1+.§)t - 1] therefore,
1
from (4), I (1+ DY = k3w, - v )+ I . The latter
o] t o o)

plus (3) and (5) can be substituted into (6), giving F. as

a function of Vi
(7) Fp = Fy + (ki - «")(Vp - Vg)
where F, = I, ~ S,
This formulation can be interpreted in terms of
Harrod's original idea /9 7 of different growth rates
corresponding to the growth of population and skills (the

"'matural' rate) and the growth of savings (the "warranted"

rate). When the skill-determined rate is higher, foreign

1/ As explained below, when the trade limit is more restric-
tive than the savings limit, domestic savings fall short of the
maximum given by (5); equations (5) and (7) are then replaced
by (16) and (15) below. The model may be said to be in phase
IA or 1B according to which limit (savings or trade respectively)
is more restrictive,
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assistance can fill the gap between investment and savings,
thus peruitting the savings-deterwined rate to be exceeded.

The Savings Limit - A country which continues to

increase its level of per capita income will eventually
reach a point at which management skills are no longer the
primary limitation to the rate of growth., While external
assistance may have been provided largely on a grant basis
in the earlier phase, it will norwally be shifted to long-
teru loans when a country's prospects tor Luture growth
become more promising.k/ Furthermore, foreign lenders are
not Llikely to be willing to finance more thar a given pro-
portion of a country's tctal investment on a continuing
basis, which is likely to be less than 40% apart from
exceptional circumstances.g/ Under these circumstances
the rate of investment will be determined primarily by the
country's willingness and ability to mobilize current

avings to tinance current investment and prospective future

r

€7

avings to scrvice its mounting external debt.

1/ For exauple, the great bulk of foreign assistance to
Africa south of the Sahara is in the form of grants;
asslstance to most of Asia and all of Latin America is
mainly in the form of loans. Averadge terms for all free
world assistance in 1963 were 3.2%. /137

2/ 0f the 31 countries analyzed in table A-2,only Israel,
the U.A.R., Tunisia, Chile, Bolivia, Jordan, Liberia,
Mauritius and Korea have recently received a higher inflow
of external resources.
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A procedure commonly adopted to reach a political
Jjudgment on desirable levels of investment and savings is
to establish a target rate of growth in GNP after desbate
over the fiscal and other implications of alternative pos-
sibilities. In a very high proportion of developing countries
the target rate ch/ sen is between 5% and 7%. Lower targets
reflect a realistic estimate of the skill limitation (as
in the early plans of Pakistan and Nigeria). Higher
targets have only turned out to be feasible in a few
exceptionally well organized countries like Israel and Yugo-
slavia.

In this first approximation, we shall characterize
the savings-limited phase by a constant growth rate which
reflects both the willingness of the country to mobilize
domestic savings and the willingness of foreign countries
to provide assistance. In determining the need for external
assistance, the assumption of a constant growth of GNP
replaces the assumed constant growth of investment that
characterized the previous phase. Models with variable
growth rates are discussed in section 1.C.

With these additional assumptions the savings-
limited phase of growth can be described as follows. The
need for foreign assistance is measured by the difference

between investment and maximum domestic savings (6) as before.
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GNP in year t 1s determined by constant growth
at the target rate T, starting from the level of GNP in
the year m , when the savings-limited phase is assumed to

begin:

(8) V. = Vp(1+ 5"

The investment level required for this rate of growth is

determined from (l) as:

(9) It = kth

The rate of growth can be stated as a function
of the amount of aid provided by substituting (9) in (6)

and solving for F:

o ®
+ t
(10) F = —t
k
St
where o =
Vi
and Pp = Fe
Vi

Equation (l0) differs from the Harrod-Domar model
of savings-limited growth in two respects: the addition
of foreign investment and the assumption that the marginal
savings rate in underdeveloped countries can be raised
above the average rate.l/ Without the second assumption,

external assistance will have no enduring effect on the

l/ This model is essentially the same as that used by
Rosenstein-Rodan ZT5,1§7 to determine aid requirements.
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rate of growth, which will fall back to its former level
as soon as aid is withdrawn,

The expression for the ratio of the aid required
to GNP ( ﬂ;) 1s of some interest, since it determines
whether the country will approach self-sustaining growth
with its present policies. It is derived by substituting

(5) into (10):

F v
) - -
(].]-) ‘t ___t - (kr _ O") + (O" - (yo)-—v-c—)

t t,
The assistance ratio @t will decline and eventu-

ally reach zero 1f the marginal savings rate &' 1is greater
than the required investment rate kr since the magnitude
of the second term declines steadily as V, increases. If w'< kr,
a constantly rising level of aid will be needed to sustain
the target growth rate,.

Savings-limited growth will persist so long as
the required external assistance 1s forthcoming unless:
(i) the skill limit--including the needed increase in labor
skills--becomes more restrictive; or (1i) the falling level
of external assistance implied by equation (ll) fails to

provide for the minimum import requirements. 1In the latter

case, the trade limit will become the dominant factor.
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The Trade Limit - The trade limit arises largely

from the limited flexibility in the productive structure

of less developed countries.l/ Many manufactured goods are
not produced at all; their imports can only be replaced

by domestic production through substantial investment over
a considerable pericd of time, Exports are mainly primary
products, for which income and price elasticities are
generally low, Development of new export products requires
investment as well as quality improvements and expanded
sales efforts, all of which take time.

The trade limit need not become a bottleneck to
srowth 1f countries would follow policies designed to
anticipate the changes in their productive structure required
to meet the changing pattern of domestic demand and external
narkets, However, the experience of many developing coun-
cries in trying to avoid structural disequilibria suggests
hat these required changes are at least as difficult to
>ring about as the required increase in savings., The
:rade limit therefore seems to have as much practical sig-
11ficance as the skill limit or the savings limit.

A model of trade~limited growth may be formulated
1s follows, As before, we assume that foreign assistance is

‘orthcoming in sufficient quantity to maintain a constant

1/ The nature of the trade limit is explored further in
‘hénery and Bruno / 6 7 and McKinnon /I27.
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rate of growth, but in this case the amount of foreign
capital needed is determined by the balance of payments gap.
Assuming that this phase of growth starts in year 3 ,

.

the GNP in year t 1is:
(12) Vg = vi(l + )t

The import level required to sustain this level of GNP is

given by:

M = ! -
(13) M, Mj + B (Vt Vj)

where the minimum marginal import ratio k' may be determined
as the average oi the incremental ratios for different com-
ponents of demand_l/ 1t 1is assumed to be an instrument
variable since the government has a choice--within limits--
as to how far to pugh import substitution,

The country's ecarnings of forecign exchange depend
on how fast exports of goods and services can be increased
by various means., These are reflected in the instrument

variable, ¢ , in the following equation:

(1) B = B0 +e)F

1/ Where an input-output model is available, as in Israel,
the UAR, Pakistan, India and a few other developing coun-
tries, it can be used to determine the import requirements
with varying assumptiocns about the composition of demand
and import-substitution on a sector basis. This procedure
was followed in Z_b 7. The possibility of varying the degree
of import substitution is considered in section 1.C.
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The need for foreign assistance is determined
in this phase by the difference between minimum import

requirements and export earnings:

i

(15) Fp = My - Eg

t-]
. ' - V. - .(1+e J
MJ""“‘ (Vt VJ) EJ\ )

In the other two phases, the foreign capital
inflow was assumed to be greater than the minimum trade
gap determined bv (15), which would permit either a rise
in foreign exchange reserves, an excess of imports over
the minimum requ.rement or some relaxzation in the effort
to increase exports. In the trade-limited pbase, however,
1t 1s potential savings which are excess to investment
needs. Investment 1s determined by (9); the savings needed
are given by the difference between investment and foreign

capital inflow:

(16) St = It - Fy = 1{th - Ft

The larger potential savings determined by (5)
may be reduced to this level in various ways, such as lower
taxes or higher consumption., Alternatively, reserves may
be drawn down to reduce F or investmenlk may take less pro-
ductive forms because of the Import shortage or use up
the available savings in the creation of excess capacity

with less increase in GNP.
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If the marginal import ratio is equal to the
average ratio, the need for external capital will only be
eliminated if exports rise more rapidly than GNP. The
conditions under which the trade gap will be eliminated

under other assumptions are stated in equation (24) below.

B. Phases of the Transition

Three possible growth paths, each correspond-
ing to a separate limitation, have now been descvibed, but
their duration and relation to each other remain to be
established. The sequence in which one phase follows
another is not necessarily the same in all countries, since
the limiting factor at a particular time depends both on
the country's historical development and the success of
different types of government policy. Despite the possi-
bilities for variation, however, there is a considerable
likelihood that if growth is accelerated from a low initial
income level the phases will succeed each other in the order
in which they have been presented: (I) Skill-limited Growth;
(II) Savings-limited Growth; (III) Trade-limited Growth.
Formulae for the length of each phase and the total aid re-
quired will be developed on the assumption of this sequence.

The discussion of the phases of the transition

will be illustrated by the case of Pakistan, one of the
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bLest examples to date of progress being made by a very poor
country receiving substantial foreign assistance. In 1956,
when substantial aid was initiated, Pakistan had a rate of
gross investment of 7-8% of GNP and a domestic savings rate
of 4-5%. From 1956-1962 investment grew at 13% per year and
the marginal savings rate was over 20%. By 1962, which is
the starting point for our projections of alternative growth
paths, investment had reached 12% of GNP and savings 8-9%%.
The inflow of foreign capital--primarily public assistance--
incre 'sed from 2% to 3-4% of GNP. These and the other aggre-
gate variables in the model are shown in Table 1 and plotted
in Figure l.l/

The alternative projections of future growth possi-
bilities for Pakistan will also illustrate the method of
analysis that is applied to each of 50 countries in the
following sections_g/ The parameters in the model are esti-
mated first from historical experience and then on two other
sets ol assumptions--generally more optimistic--about future

development policies. 1In Table 1 and Figure 1 we show the

1/ The most recent revision of the Pakistan national accounts
gives higher initial values of savings, a 1964/65 savings-to-
GNP ratio of .09, and a 1964/65 investment-to-GNP ratio of .15
in 1959/60 prices. /8. pp.7, 63; GNP measured at market prices./
These ratios are close to those derived from the 1964-65 'upper
Limit" projections in Table 1, but they imply a foreign resource
ratio of .06 (1959/60 prices) instead of the ratio of .043
implicit in Table 1.

2/ As explained in section II, the parameter estimates and
starting point for the projections are based on normalized
values of the variables rather than the actual magnitudes in

1962.
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two extreme sets of assumptions for Pakistan-- the'historical"
and the '"upper iimit''--and the growth paths and requirements
for external capital that follow from each. These two examples
illustrate the effects of changes in parameters on the
duration of the three phases of the transition in a fairly
typical case. A comparison of the Pakistan data to that for

30 other countries is given ir Table A-1 of Annex A.

Phase I: Skill-limited Growth. Phase I assumes that the

ability to increase and utilize productive investment is
more restrictive to growth than either the total supply of
investment resources or of foreign exchange. The phase ends
when one of the other two limits--presumed here to be the
savings limit--becomes more restrictive. The length of
Phase I is therefore determined by the target rate of growth
and the time required to increase the investment ratio from
its initial starting point to that required to sustain the
target growth rate.

Thus the terminal year t=m is reached when:

(17) Iy = kEVg

Remembering that I, = I, + ki(vy - V) gives

an expression for GNP in the terminal year:
i-r,

(18) Vg = Vg (———=)
i-7
where r, = I,/kV,
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The length of time required by Phase I is
determined by setting eq.(3) equal to (17), rearranging

and substituting (18):

I =1 (1 +1)" =k
O "

m

I kr V o
) 00

AT e oy =
(1+ 1) = KBV KTV 51:_ (2

7 L =71
log (;’) + log (-
o

)
19) mo =

log (1 + i)

For the Pakistan examples, the increase is from
an initial investment rate of .06 in 1956 to a required
rate kr of ,135 to sustain 4.5% growth or .18 tn sustain

% growth. Phase I will end in 1963 on the first assumption
and 1966 on the second.

Since we assume a constant rate of growth in
investment, the ratio of foreign capital to GNP increases
steadily throughout Phase I. Furthermore, the better the
country's performance in increasing investment, the larger
becomes the gap between investment and savings and the more
aid is required per year. In the case of '"upper limit"
performance, the share of investment financed by foreign
capital stays fairly constant at about 307 while the absolute

level of capital inflow rises to a peak of about 6% of GNP.
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Phase II: Savings-limited Growth. Phase II starts at

the end of Phase I when investment reaches the level
required to sustain the target growth rate. It ends when
either (a) savings are equal to investment and the net
inflow of capitel is reduced to zero or (b) when the trade
limit becomes more restrictive. We can solve for the
terminal year in the first case by setting savings equal
to investment in equations (5) and (9), giving the follow-

ing expression for the level of GNP in year p

&' %n
(20) Vp =V (37—:_E?

The length of time fto complete Phase II if the
trade limit does not intervene is given by substituting
(8) into (20) and solving for (p - m):

(21) (p = m) = log(w' - %) ~ log (o' ~ kT)
log (1 + 1)

In the Pakistan examples, the year p 1is reached
in 1985 on the 4.5% growth assumption and in 1979 on the
assumption of a 6% growth targetlJ/This is the year at
which self-sustaining growth could be maintained at these

growth rates if exports could be increased fast enough--

l/ The new perspective plan for Pakistan Z~8 / sets a
growth target of 7.5%, starting in 1975. It estimates that
the inflow of external resources can be reduced from 8% of
GNP in 1964/65 (1964/65 prices) to 1% of GNP in 1985 on the
basis of values of #' = .25, k = 2.9, ¢ = 7.9%, ur _ us .

Ko



26

or import requirements sufficiently reduced--to avoid the
trade limit. On our assumptions this is not the case,
however, and the growth path shifts to Phase III in 1968
on historical assumptions (or 1971 in the upper limit

case) .

Phase III: Trade-limited Growth. Phase III starts in

year j whenever the foreign assistance nceded to meet
minimum import requirements exceeds the amount needed

under the assumptions of Phase II.L/ With constant

values of the growth target and the other parameters,

Phase III will continue until the year g when the need

for a net inflow of foreign capital is eliminated. Assuming
Eq = Mq » equations (13) and (1l4) give the following ex-

pression for the GNP at the end of Phase III:

B (1+e)%J L M, + uwv,
j i j

q !

The effect of import substitution and export

growth on the length of Phase III can be shown by substitut-

ing (12) in (22): 2 :
. ﬁ(l_‘_e)q-\] - K, + u
(23)  @ET) = M J
ul

1/ Phase III may also start at the end of Phase I if the
trade gap is the limiting factor at the time when the target
growth rate is reached.
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This equation can be solved for the length of Phase Ill.l/
In order rfor the trade gap to be eliminated,

either export growth must exceed the target growth of

GNP or the marginal import ratio must be substantially

less than the average. From equations (13) and (14) we

can derive the following condition for the elimination

of the trade gap over a given period (gq-n):

T
e q...j U _q_j [
(21) 'ﬁf(l+€) -~%;(1+r) 2 (1 - EE)

In the case of Pakistan, this equation is satisfied by the
parameter values in the historical case providing that the
1957-62 export growth rate of 5.8% could ve maintained. If
this could be achieved and if GNP growth averages 4,.5%, the
trade gap would be eliminated in 1994. The values of ¢ and
L' would not lead to convergence at the % growth rate, bhow-
ever, even with the 5.8% export rate. To eliminate the trade
gap by 1990, either ¢ would have to be increased to 7.5% or

@' would bhave to be reduced to .56. (With the export growth
0
J . . . ,
rate of 4.9% assumed in Figure 1, ' would have to fall to .35.)
W
~ J :
1/ Equation (23) can be stated 1n a simpler form by
specifying the average import ratio at the end of the
period, K, . The following expression can then be used
to determine the length of Phase II1 for any given value

of € :

- Q=1 ™ 1

l+r R s PN |
(23a) (57 SR ()
q
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Total Requirements for External Capital. The total

capital required to complete the transition to self-
sustaining growth can be determined ag the sum of the
capital requirements for each phase that the economy
goes through. 1In Phases IA and 11, extermnal capital is
determined by the difference between investment and
savings. 1In Phases IB and ITI, it is the difference
between import requirements and exports,

The equations for capital inflow in each phase
are given in a symmetrical form in Table 2. All variables
are expressed as a ratio to the initial level of GNP (Vo).
Summing these equations over time gives the total capital
inflow during any period that the economy remains in
that phase., Table 2 also gives formulae for cumulative
capital inflow which are used in subsequent comparisons

of growth paths and capital requirements,

The Productivity of External Capital

One of the important results of the preceding
analysis is to provide a measure of the productivity of
external capital over a specified period of time. Equation
(30) enables us to compute the total external capital re-

quired to sustain any given rate of growth in GNP so long
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as the investment-savings gap is the controlling factor.
This result for the Pakistan case and the period 1962-
1975 is shown as the curve T F°in Figure 2. Eguation

(32) provides a similar solution for the cumulative gap
between imports and exports, which is given by the curve
=" For simplicity, we defer consideration of the effects
of absorptive capacity and variable growth rates until

the next section.

Figure 2 shows that the trade limit requires
more external capital than the savings limit to support
any growth rate below 5.8%, while the converse is true
for higher rates of growth. In the absence of an absorp-
tive capacity limit, the productivity of external capital
would be represented by the curve ABGC, composed of seg-
ments of the Phase 1I1I solution for lower values of GNP
in 1975 and the pPhase II solution for higher values.

The introduction of the absorptive capacity
limitation limits the initial growth rate of GNP to
about 4%. This increases to 8.5% by 1975 for an average

of 6.3% over the period. No increases in capital could
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raise GNP growth above the limit shown in Figure 2, line B'
cr.L/

One csignificant result of t}is analysis for the
Pakistan case is that the marginal productivity of external
capital is very much higher in Phase I1II than in phase II.
To determine the generality of this result, we can derive
expressions for the derivative of V., with respect to total

capital inflow from equations (30) and (32) in Table 2:

Phase I1:

(33) 9 (Veyp) o 1
d @Ft%) k - o'

Phase II1:

(34) 4 (Vi)

d (zF™ u' 8

r 1-(1+g)"C

where B = | t T '
| .
F (t+l) .

The value of f varies as follows with the growth rate

and the time period:

l/ A lower skill limit of .08 would reduce the attain-
able growth rate to 5%. In this case, capital requirements
would be determined by the Phase IB formulae.
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Values of B
r t = 4 t =9 t = 14
.03 1.8 4.1 5.9
.05 1.8 3.8 5.5
.07 1.7 3.5 4.9
.10 1.7 3.4 L. b

Substituting the values of the parameters in
equations (33) and (34) for Pakistan and for the median

ye
0

of all countries in Table = gives the following values

of the marginal productivity of external capital for a

9-year period:l/

Pakistan Median Values
Phase II: 47 .34
Phase II1I1: 1.70 1.32

There is therefore a pronounced tendency for external

assistance to be more productive in Phase III, where the

2/

balance of payments limitation is binding. Over longer

periods, however, the productivity of assistance in

Phase 1I rises because of the additional savings that

1L/ Pakistan values used are: r = .06, o' = .24, p' =
k = 3.0. Median values from Table 5 are: f = ,045, ' =
W' = .20, k = 3.7,

.16,
.20,

2/ Similar results were derived by Chenery and Bruno /67

and McKinnon 1_12_7 for particular sets of assumptions.
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are generated and thus the slope of the $F3 curve pecomes
[latter. Conversely the TFT curve becomes steeper as
the length of the period is increased, since export growth
ls assumed constant.

The welfare aspects of different growth paths --
>f which the productivity of external capital is only
ne -- are analyzed more fully in the next section. The
subsequent projections for 50 countries suggest that the

1igh productivity of external capital for countries in

hase 111 isewmpirically quite significant,

C. More Efficient Growth Paths

The precedin; analysis has been designed to
xplore in very simple terms the characteristics of a
rocess which uses external assistance first to accelerate
he growth of an econom, and later to eliminate the need
or further assistance., Having established a feasible
rowth sequence corresponding roughly to what we observe
n several developing countries, we shall now examine ways
n which this growth path might be modified to wake it
ore efficient. To do so, it will be necessary to relax
ome of the simplifying assumptions that have been made

o far, which produce a single process of transition for
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any set of initial assumptions. We shall, however,
retain our basic view of an underdeveloped economy as
characterized by structural limitations which can be
modified only gradually through government policy.

We define a more efficient growth path as one
which increases the welfare of either recipient or donor
countries subject to limitations as to the allowable
welfare reduction of the other. In our aggregate model,
welfare can most conveniently be measured as a function of:

(1) The level of GNP attained at the end of

a given period relative toc the initial GNP;

(2) The discounted sum of consumption in

the economy during the given period;

(3) The discounted sum of the external resources

required during the period.

(4) The degree of dependence on external resources

at the end of the period.

In the subsequent discussion we assume cpecified values
for the terminal GNP and analyze variations in total con-
sumption and external resources. An optimal path from
the donors' point of view might be one which minimized

the external resources needed to attain a given GNP target

or a condition of self-sustaining growth. The recipilent,
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however, c<hould explicitly weligh the value of increased
consumption against the cost of the additional resource
inflow it requires.

The model used so far--model l--is characterized
by structural rigidities which usually cause either con-
sumption or imports to be above their structurally
determined minima. While excess consumption contributes
to the recipient's welfare, its value may be less than the
cost of the extra aid needed to secure it. Similarly,
excess imports will increase the neced for assistance above
what would be desirable on other assumptions. We chall
therefore modify model 1 to permit the differences between
the structurally determined resource gaps to be reduced
or eliminated.

The two principal methods of reducing the dif-
ferences between the two resource gaps are (i) to allow
the growth rate to vary and (ii) to plan for substitution
between the two scarce factors, capital and foreign ex-
change. 1In addition, we shall allow foreign exchange
reserves to vary and concern ourselves only with the cumu-
lative values of all variables. over a planning period of

ten years or more.
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In this framework, we define the cumulative
structurally determined savings gap as:

35 _
(35) ZFS=$;C- TS

t t

where all summations apply to any planning period of n vears.

2fined

c.

Similarly, the structurally determined import gap is

as:

(36) o

The barred values M and S are determined from the structural
relations in equations (13) and (5) and represent the minimum
import needs and the maximum savings potential for a given
sequence of values of Vt

The appropriate adjustment policies depend on which
of the two gaps is larger under the assumptions of model 1.

We shall say that the economy is predominantly in Phase II

when the savings gap is the larger of the two and predomi-
nantly in Phase I1I when the import gap is larger. (Pakistan,
in Figure 2, would thus be predominantly in Phase II at an
average GNP growth rate of greater than .058 between 1962-
1975, and predominantly in Phase III at a lower growth rate.)

Model 2: Variable Growth Rates. Although we assume a con-

stant target GNP at the end of the period, the cumulative
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production TV; over the period will be increased by more rapid
growth at the beginning of the period or reduced by start-
ing slowly and accelerating at the end. Since saviigs and
imports both depend on the cumulative GNP, they can be
varied upward or downward from the levels of model 1 by such
variations in the growth path. The other two totals are
unaffected by the growth path: total investment depends
only on the target GNP while exports are exogenously
determined.

The conditions for eliminating the difference
between the two cumulative resource gaps are
shown by setting them equal and rearranging terms so that
the constant terms are grouped together on the left side:

= _T— = M -
¥ Ft ¥ It Y St T Mt b} Et

37 + ¥ = M 4
(37) ¢ It "Et YM + 28

Since the terms on the right-hand side are functions only
of the total GNP, we can substitute for S, and M. from
equations (5) and (13) and sum over time.L/ Solving for the

total GNP gives:

n
6t = B+ (nm1)(at-a urou )
vo a'+u!
SI+ v
where B = t t
\'
)

l] In Model 2 we assume that: My © ﬁj+u'(vt_vj) = Mot W' (Vie-Vg)
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In this formulation we assume that short-term
differences between the two gaps can be offset by increasing
or decreasing foreign exchange reserves so long as the net
difference over the planning period is zero. The net capital
inflow can then be determined as the difference between total

required imports and total exports:

5 = 5:'_ . )
,43; ,.Mt TEt
urT v TE
5
(39) ZF, . (1) (s -b)  + t t
v v v
o) 1% o]

The second welfare measure--the total consunr:.tion
over the period (£ ¢ )--is determined as the difference
between the total GNP and savings, or:

Vv

(40) Vot = (n+1)(a._ao) + (1-a7) Vot

™
(@]

A comparison of the results of model 2 to those
/
of model 1 is given in Table 3 and Figurc 3.1’ At a constant
growth rate of 5.8%, the two resource gaps would be equal

in model 1 and there would be no difference between the two

models. At higher growth rates, model 1 is dominated by the

1/ To isolate the effects of the variable growth rate, the
limitation on the increase of investment in model 1 has been
removed, so that only Phase II and Phase III are shown. Further-
more, foreign exchange reserve changes are assumed for model 1
which would permit cuapital requirements to be set by the cumula-
tive needs for the dominant phase. For model 2, no restrictions
have been placed on the *ime path of GNP or investment. The
"single dominant phase' equations for model 1, as well as those
used for the rest of Table 3 and for the efficiency measures
discussed later in this section, are developed in Annex B.
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savings gap--i.e., 1s predominantly in Phase II. Here
model 2, by raising cumulative GNP and savings, produces a
reduction in external capital requirements equal to about
70% of the excess ‘mports required by model 1. At rates
of growth below 5.8%, where the economy is predominantly
in Phase III, model 2 is less effective. The difference
between the two gaps is eliminated by a slower initial
growth rate, which reduces potential savings as well as
import requirements. At 4% growth, for example, Table 3
shows that the net reduction in external capital (.18) is
about 30% of the excess consumption (.59) in model 1.

The relative efficiency of model 2 in the two
phases can be determined in general terms by solving for
the change in cumulative GNP required to eliminate the
difference between the two gaps.L/ The excess of con-
sumption or imports of wodel 1 is eliminated in wmodel 2
through variation in two components: imports and savings.
In Phase II the capital inflow is reduced by raising GNP
and savings with an offsetting rise in imports. In Phase
111, where the import restriction is dominant, the required
capital inflow is reduced by lowering GNP and imports with
an offsetting iail in saviugs.

The following equations express the efficiency

of the variable growth rate mechanism as ratios of the

1/ Relative efficiency measures are derived in Annex B.
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total capital saved to the initial cumulative gap

difference:

2L R LY
(4la) Phase II: yps _ v Wt o+ p 3
(41b) phase TIT: —AL o B . 210

O M NURFST .3

where ¥ o i is the difference in cumulative
foreign capital between model 1 and model 2.
The greater efficiency in Phase Il in the Pakistan case
is due to the fact that the marginal savings ratec is greater
than the marginal import ratio. For other countries the
median values of those two parameters are abouc the same, SO
that typically the ratio ig about .5 in both phases.

When realistic limits are imposed on the variation
in growth rates, the potential savings in assistance due to
the variable growth mechanism may be severely reduced. 1f
GNP must grow at lcast as fast as population but the rate
cannot excecd 8% or so, the savings due to variable growth
will be small when average desired GNP growth 1s close to
either limit. At intermediate growth targets, however,
there can be more flexibility in varying the path of GNPj;
savings may run to 200 of the ftoreign capital requircments

determined by model 1.

.71
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Figure 4 illustrates alternative growth paths
which would equalize the two cumulative gaps. The constant
growth rate paths of model 1 are shown for two different GNP
targets by the lines abc and ab'c'. When Phase 1T predominates
under model 1, faster initial growth (path ab'''c, for example)
may permit gap equalization. On the other hand, if Phase II1I
predominates, a slower initial growth rate (path ab''c', for
2xample) would be indicated. 1In either case the desired
umulative GNP must be equal to the area under the curve,.

Structural or other constraints may make it impractical
r undesirable to equite the two gaps 1n this way. These
onstraints are represented in Figure 4 by absorptive capacity
.imits (ae and fc") and by minimum growth rate limits (af and
). The range of feasible growth paths lies within the shaded
Tea aecc'f. Complete equalization of the two gaps could
herefore not be obtained for the extreme growth rates of
% or 7% shown in the figure. The larger gap would be
educed as much as possible within the assumed limits by
ollowing the feasible paths aec or afc',

odel 3: Import Substitution. A more important modification

n the criginal model consists in allowing for additional
hanges in the productive structure of the economy over time.

hese changes are designed to prevent a cumilative difference
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between the two resource gaps from emerging during a planning
period of 10 years or more. The implications of such a
policy can only be worked out in detail in a sectoral model
in which the capital costs of increased production are com-
pared to the value of the foreign exchange saved or earned
through import substitution or additional exports. A
mathematical programming analysis of this sort is given in
Chenery 157. which shows the possibility of varying the ratio
of imports to GNP with a constant level and composition of
total demand. We utilize these results to formulate an
aggregate import substitution function.l/

In model 3 we assume that additional production
in replacement of imported goods can only be achieved by a greater

investment per unit of cutput than the value of k that applies

to the average increment of GNP. We define the capital require-
ment for import substitution as: k= bk where b is

m

greater than 1. We also allow for the possibility that
investment goods will have a higher import content than the
average, which will reduce thenet import substitution. With

these two assumptions, we write the following production

1/ The analysis applies equally well to export variation,

- but for simplicity it is assumed that the variation will
take place entirely in the imports required for a given
level ¢f GNP.



L2
equation describing the possibilities of changing import

requirements in year t by an amount Im, :

= — z -
(42) --Mmt ok 2 Imt alm

where 1luiy is investment in import substitution

and a 1is the additional import content of Imy.

Adding the import substitution element to tihe orjiginal Import

equation of model 1 gives:

I = - .
(43) M My w(vJC vo) + Mm

t t

In addition to the modified import equation, we
must specify the amount of investment that is devoted to
import substitution in each period. For the present illustra-
tion, we assume (1) sufficient import substitution to eliminate
the difference beiween the two gaps over a planning period
of 13 years and (2) that the amount of investment in import
substitution will increase linearly throughout the period.
These assumptions enable us to compute the gap equalization
solutions given for model 3 in Table 3, which are plotted

1
in figure 5._/

1/ We assume equal annual increments in Im, as given by:

T qp = Im (1) . The value of b in e&ﬁation (42) 1is taken
ad 1.5, Shich is the aggregate ratio derived in the study
of Southern Italy /57 The additional import content of
investment, a , 1s assumed to be .25,
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Figure 5 shows that the import-substitution model
is considerably more effective in reducing requirements
for external assistance in Phase III than is model 2, but
it is less effective iu Phase II. In Phace III, the potential
excess of savings existing in wmodel 1 is utilized to increase
investment and therebv reduce the requirement for imports.
At a growth rate of 4%, for example, the excess consumption
(difference between actual and potential savings) of .59
in model 1 is converted in model 3 into an increase in
cumulative investment of .19 and a reduction of cumulative
imports of .40. The efficiency of the import substitution
mechanism is thus about .68 in this erample, or in general
terms:l/

—

(4l4) oY - -7 my

M W TAL - Ty
where SAF is the reduction in ¥ F from model 1
to model 3, -Mmg is the additional import-
substituting production for the period, and
T ALt (l- é) wIm. represents the extra cost

of the additional import-substituting invest-

ment made during the period.

In Phase II, the process is reversed and excess

imports are used to replace investment that would otherwise

l/ An explicit solution for this ratio depends on the
form of import substitution path assumed; the example used
here (see note p. 42) is given in Annex B.
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be needed. The efficiency of this process 1s only 329
of the excess imports, or much less than that of odel 2
in the Pakistan example.

The recalism of the import substitution model can
be judged by the portica of total investment going into
additional replacement of imports. This share is shown
in line 21 of Table 3. Values in excess of 15% of total
investment are quite implausible, which suggests that
below growth rates of 4.5% or so it would not be feasible
to close the two gaps completely and reduce the capital

inflow to the extent indicated.

Wellare Aspececs

Some of the welfare measures derivable from the
three growth models are set out in Table 4 for the Pakistan
example. For any given frowth rate we can compare the cost
in reduced consumption of saving on external capital through
varying the growth rate (model 2) or import substitution
(model 3).

In Phase 1I1, the saving of extecrnal capital through
slower growth in model 2 reduced consumption by $11 for ecach
dollar saved (lines 17 and 20). Mode]l 3 i¢ not only more

efficient in reducing the capital inflow through import
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Table 4

Welfare Effects of Alternative Growth Model s,
Pakistan, 1962-1975

(A11 values expressed as relative to initial GNP)

Line 'Alternative Qrowth Targets
W () () @ (5)
1. Target GNP, 1975 1.468 1.665 1.886 2.133 2.410
2. (Implicit Growth Rate) (.07) (.ob) (.05) (.06) (.07)
Cumulative Values, 1962-1975, Undiscounted
Net Capital Inflows
] 3 1/ .
3. Model 1 2, 38 .50 .63 .84 L.z
4, Model 2 (minimun) A5 .32 .5l .79 1.07
5, HModel 3 ‘minimum) -.20C .09 A3 82 1.26
Consumption
6. Model 1 15.93 16.60 17.29 18.07 19.24
7. Model 2 13.21 168 16.3% 18.23 20.36
8. Model 3 15.09 16.00 16.99 18.07 19.z4
Cumulative Present Values, Discounted at 8%
Net Capital Inflows
9. Model 1 .25 .31 37 .59 els?
10. Model 2 11 22 30 A9 .65
11. Model 3 -.08 ,10 .31 .5 .81
Consumption
12. HModel 1 9.78 10.07 10.3% 10.79 1l.42
13. Model 2 8.21 9.08 10.0% 11.11 12.33
14. Model 3 9.30 9.76 10.25 10.79 11.42
Differences in Consumption and Foreign Capital among Alternative Models
Model 1 vs. Model 2
15. Consumption (line 7 =i 6) 2277 =1.91 -7 4.6 41012
16. Capital inflow (line 0 mimug 3) .25 =17 =209 =05 =35
17. (Ratio, line 19 + 1b) 11.0  11.0 11.0 -3.17 =3.17
8. Consumption, discounted (1ine 13 minus 12) -1.57 =-.99 -.31 +,32 +.91
19. Capital inflow, discounted (line 10 mins 3) Qb =09 =003 =100 =.29
20. (Ratio, line 18 +19) 11.0 1.0 11.0 -3.17 =5.17
Mode:1 1 vs. Model &
51, Consumption (line ' =m0 -8 .59 ~.29 0 0
27, Capital inflow (line -~ :inus 3) -.57 =40 =00 ~.02  -.16
23, {Ratio, lin. 1 % 2%) 147 1.47 0 1.0 0 0
2it.  Consumrtinn, discounted (line 14 minue 12) -.48  -.31  -.0G 0 0
pe, Capital I[nflow, discounted (ine 11 mimus 9)  -.33 =21 =06 .05 -.13
26. (Ratio, line 2+ 25) 147 L7 147 0 0

Source: lable 3 and underlying worksheet
1/ Model assumes flexible reserves; therefore dominant phase is used throughout

time period.
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substitution, but the loss in consumption is only $1.47

per dollar of saving in external capital (lines 23 and 26).
Model 3 is clearly the preferred alternative at growth
rates below 5.8%.

In Phase II, model 2 is more efficient than ihe
other alternatives with respect to both external capital
requirements and the effect on consumption. Reduction in
external capital is achieved by accelerating growth, which
adds to consumption as well as savings. In this situation,
unlike Phase III, there is no conflict between the donor's
objective of maximizing total aid and the recipiunt's

objective of maximizing consumption,

The choice of an optimum growth rate is likely to
yresent a conflict between the interests of aid donors and
\id recipients. For example, it is in Pakistan's interest
‘0 Increase its rate of growth so long as the productivity
'f the additional external capital required is greater
han the cost of servicing additional external debt.

able 3 shows that the marginal productivity of aid in

AV
YAF -3
n model 1 to 1.0 in model 2. Under the model 2 assumptions,

alsing the growth rate from 6% to 7% varies from

wo-thirds of the increased investment over ihe period would

e financed out of increased savings.
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While, from Pakistan's point of view, this
prospective gain would be well worth the additional cost
under current assistance terms, the donor countries must
also consider the productivity of aid elsewhere and other
welfare objectives in relation to the resources avaiiable
for assistance over time., These broader aspects of aid

strategy are taken up in Part ITI.



%ch

I1I. PROSPECTS FOR THE TRANSITION

Although many countries are now attempting to
achieve more rapid growth through increased use of
external assistance, 1t is too soon to reach any firm
conclusions as to their prospects for success. We can,
however, usc the models developed in the preceding
szotion to evaluate current performance and to .de-
termine the needs for future assistance under various
assumptions,

A survey of the performance of a large number
of underdeveloped countries has been undertaken for this
purpose. Sin ¢ experience with efforts to accelerate
growth through foreign assistance is concentrated in the
past Lew years, we focus on the period 1957-1962. For
this period, rough estimates of the basic relations in
model 1 can be made for 50 countries accounting for 90%
of the GNP of the nmon-communist underdeveloped world.
This maximum sample will be used for a general assesswment
of future aid requirecments. The past performance of 31
of these countries for which the data for our model are

more reliable will be studied in more detail.l/

l/ The only large countries omitted from the 31 country
sample are Ceylon, UAR, Ethiopia, Sudan, Indonesia and
South Vietnam,
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The analysis highlights the quantitative sig-

nificance of the central concept in our models: the

notion that the need for external resources is determined
by several structural limitations whose rclative importance
varies over time and among countries. We attempt to
identify some of the countries that are currently in

each of our three phases of growth and algo to determine
the future importance of the threce phases if present

development policies are maintained.

A. FEstimates of Current Performance

Our estimates of current performance are intended
primarily to establish representative values for the key
parameters am to indicate the extent to which developing
countries have established the structural conditions re-
quired to carry out the transition. For this survey we
have adopted a uniform statistical procedure for all coun-
tries, supplemented by detailed studies of some of the
significant aid recipients.k/ The additional knowledge

gained from the more detailed country studies is utilized

1/ Preiiminary results of the more detailed studies are
availlable for Greece /7, Turkey /71 7, and Colombia /70 7.
Other countrics for which more detalled models have been
constructed by A.1.D. in order to test the "two gap"

analysis of aid requirem nts and performance include India,
Pakistan, Argentina, Brazil, Korea, Jordan, Nigeria and
Chile,
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in making projections of future performance and aid
requirements.

Our statistical procedures are outlined in
Annex A. To start with, all time series were
smoothed by fitting a linear trend for the period 1957-
1962. Marginal savings and import rates and marginal
capital-outpuc ratios were then determined from the
fitted trends for the variables involved.i/ The annual
growth of exports was determined without correction for
nrice changrs; it thus measures the growth of foreign
exchange earnings,

An indication of absorptive capacity has been
obtained by taking the highest compound growth rate for
inve ‘rment observed over any five-year period in the past
decade. The upper range of these values suggests the
limit which can be attained. The observed rate does not
necessarily indicate the absorptive capacity for a given
country, however, since growth may have been constrained
by other factors.

The initial average values of the parameters

for 31 countries and marginal values for the period 1957-

1/ The marginal capital-output ratio for the period is
measured with a one-year lag:

k= iy /(75 - Vo)
t=o
where subscript o = 1957, 4 = 1961, 5 = 1962
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1962 are given in Table A-1 of Annex A. The median
values and extent of variation in the principal parameters
are shown in Table 5. The median values for this sample
are quite close to the mean values of savings, investment and
growth rates for the underdeveloped world as a whole.l/

These estimates can be used to determine the
extent to which recent performance conforms to the criteria
derived in section I for a successful transition to self-
sustaining growth. While six years is too short a period
to establish reliable estimates for any single country, a
comparative asscssment for the whole group of countries
is quite suggestive.

We have proposed three sets of criteria for a
successful transition to a given rate of self-sustaining
growth:

(i) Investment criteria. In Phase I, the rate

of growth of investment must be greater than the target
growth rate (3 >%). Therealter, the investment rate must
be adequate to sustain the target growth rate(% < &),

(ii) Savings criteria., The marginal savings

rate must be grecater than the target investment rate

1/ U.N. calculations for 1960 show investment at 16%
of TGNP and a growth rate of 4 .4% of GNP for the previous
decade. Sce United Nations, World Economic Survey, 1963,
Part 1. Trade and Development: Trends, Needs, and Policles,

United Nations, New York, 1964, pp. 19 and 37.




raramster Values, Fl-Counirv Sample

] lprer ‘ Lower
Juartile Median ! Quartile

|
‘ | |
|

.87 L1k | .103

Parameter Symb.cl

poed

i .1 .06 i 01
K B0 3.71 2.93
r 066 L0Lsg .032

I .20 ‘ .10 A4

JA7Z .05

5 .
¥Yarginal national savings ratio
(change in savings and changs in GNP) ar .32 .20 -.01
Ratio ¢f gross imporis of goods and services to :
GNP in 1%¢Z (after time-trand fitiing) ? Mo .37 .21 .17
| Marginal imp ; , gross imports i
! of goods and servicss ¥ change in GNP) i ur TS .20 .02
! - i
T

Compound growth ra<ts of axportz of goods !

convertible foreign ~irrency
r r

|
reserves cemper 193¢ to December 1962
{after tinmz-trend fitting) + change in GNP
1957-1%62, GNP first converted to 1962 US ;
dollarsf{a)/ p* .13 0 l -.07

Source: Table A-1

(a) / Bxcludes Trinidad-Tobago, Liberia, and Mauritius becauss of lack of data.

eh-11
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(#'>kT) unless the average rate of savings is already
above this level.

(iii) Trade criteria. To close the trade gap,

either the growth rate of exports must exceed the target
growth of GNP (e>r ) or the marginal import ratio must be
very low.l/

To have a common basis for the comparison, we
have adopted a uniform target rate r of 5% for all
countries. Since the identification of countries in
Phase I depends on their actual target rate and cannot
be adequately based on aggregate data, we shall apply only
the tests for the approach to self-sustalning growth
which are appropriate to Phases II and lll.i/

Table 6 classifies 26 of the 31 countries in
our 31 countrv sample into four groups according to

thelr savings-investment performance and their trade

1/ To achieve self-sustaining growth in year p ,
a solution to eq.(24) gives the condition:

E"\ LT e n
woe o T (L e -t
‘e e
" (v )P =0 - :
where E,/Mp is the ratio of exports to lmports at the
beginning of Phase I11. For example, when r=.05. £=.03,
B /*w =.75. and (p-n)=30. the marginal impor: ratio (u')

must be less than 257 ot the average import ratio at the
beginning of the phase (u_ ).

e
2/ In Phase | the main test of performance 1s the
achicvement of a high rate of growth ol investment. This
is clearly met by Liberia, tor cxample, which falls far
short of the savings and trade criteria.

. //)' Z
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performance.l/ The 12 countries which satisfy both tests
are in group A.g/ The 5 countries in group D satisfy neither,
while the other 9 meet one or the other criterion.

One of the most suggestive features of this grouping
of countries is the predominant role played by exports. Nine
of the 12 countries in group A have export growth rates of
5% or more and hence would satisfy the trade criterion even
if their import ratios remained constant. Conversely, one of
the most important aspects of the unsatisfactory periormance
of countries in group D is the stagnation of their exports,
which bhas typically led to increased requirements for external
assistance and falling savings rates. There is almost no
example of a country which has sustained a growth rate sub-
stantially higher than its growth of exports through continu-
ing import substitution. Brazil, Colombia and India have done
so for considerable periods, but each has run into severe
balance of payments difficulties in recent years,

This comparative assessment also tends to dispel
the notion that performance as measured here 1s necessarily
associated with the initial income level. In this period, at

least, there is no apparent correlation between initial income

1/ Where the classification based on data for 1952-1962
conflicted with that based on 1957-62, the former estimates
were used in place of the latter. This test changed the
classification of Brazil and Mexico, of the 5 countries to
which it was applied.

g/ Four of these 12 have unsatisfactory growfh rates dur-
ing this period, however, f;?
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PROVISIONAL*
Table & Revised 3/12/65
Indicators of Progress in Attaining Self-Sustaining Growth l/
) Investment Savings Trade Growth
Perfornance Periornance Performance in GNP
Ident. KT IN] i o | ar [E/M | e |u/u r
No. o' O 0 o' o o)
A, Countries meeting both sabings and trade criteriaz/

21. Honduras .195 .14 .06 .19 | .51 | 1.05 % .028| -.05| .034
6. Israel 155 1,30 | .09 .11 | .16 L5191 1.12f .101

45, Korea 187 .14 ) Lo Lob | b2 Ay po L1651 <boha ,038

L9, Malaya 257 0.8 k| .22 | W43 1.08 0561 2.721 .027

|

23. Mexico 1957-62 {.102 .15 | .06 { .13 | .09 .83 1 .038 .581 .050

1953-63*4.120 .15 | .06 | .14 | .14 | .94 051} 8| .062

25. Panama 121 .19 | J1b g .12 | .28 .81 | .063 .78 .066

27. Peru 170 .20 | LOW | .21 | .35 | 1.04 | .1hb 871 .066

46. Philippines 130 .13 [eow| .11 | .26 | 90| Loms| 33| .050

43, Taiwan 132 .22 .11 .15 | W31 .65 1 .083 .90 .075

47. Thailand 096 .16 1 .09 J14 | .19 .90 | .077 .80} .081

28. Trinidad-Tobago 82 .32 .09 .21 .20 .86 107, 1.21 .088

29. Venezuela 371 .19 -.08 | .32 | .56 | 1.45 ] -.005] -5.72] .037

B. Countries meeting savings criterion onlyg

11. Argentina .502 .2k .08 | .22 ¢ .70 86| .oh3p 2.281 .021
3. Greece 2155 .20 .10 b .23 .70 .051| 1.05§ .059
L, India 1957-62 |.140 | .k 1,061 .12 | .21 71| .030 .29 .045

1953-63*4.165 .15 | .07 | .13 | .19 68| L0271 1.07| .037

3. Nigeria ooh 16 .10l a1 | uer 16| 007 2.28] .03
8., Pakistan L150 .12 P13y .09 | L3l 681 .0581 1.60| .070

13. Brazil 1957-62 |.146 | .14 |-.02| .11 (-.08 77| o021 ~.08| .058

1953-63%*.140 | .18 | .07 | .15 | .16 .77 -.013 .091  .062
C. Countries meeting 'trade Eriteﬁion ohlyz/

20. Guatemala .233 .10 |-.05] .08 }|-.07 871 L009| -.u0] .029
5. Iran 188 1,15 | .00 | .14 | .11 .96 | .080 .79 .0L6
7. Jordan .060 ;.15 | .18 (-.13 | .02 .33 1,083 671 .117

D. Countries ueeting neither critlerion within 50 yelars

12. Bolivia 234 0 .13 [ .01 L0k |-.11 . .59 -.011| 4.721 .029

9. Turkey 1957-62 |.2u6 | .16 | .06 | .13 , -08 L7510 .050] 2.66) L0
1953-63**.,170 | .15 i 06| L1l \ J1h 681 .030| 1.06) .042

15. Chile 57 4. 12| .07 -l12 671 L0601 2.151 .032

6. Colombia 1957-62 |.215 | .21 | .06 { .18 |-.01 82| -.025] 1.18| .048

1953-63*4.220 |.20 |.03 | .17 | .11 .80 .013 .56 | JOW7

N17. Costa Rica 228 | .16 .01 111 ]-.11 .82 .016 .57 .ouo

L | I
(Continued)
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Table ¢ (Continued)
Sources  Tabhle A=l

Symbolss kT = ratio of investment to GNP needed for 5% GNP growth,
rate (F = .09)
Io/Vy = investment /GNP ratio in 1067
i1 = annual growth rate of investment
@y, = 1902 ratio of savings to GNP

AR

@' = marginal savings/GRE ratio

H

EO/MO 1962 ratio of exporis Lo imports
€ = e¢xport growth rat:.
u'/uo = ratio of marginal to average import/GNP coefficients

r = annual GNF growth rats

L/ Unless otherwise indicated, refers to 1957-1962
Savings criterion: o' 2 kP, where T = .05

50 years

e . : . o
‘rade criterion: W' _ Eo/My {(1+€)"_1, ror some
.05

I where
° (1+ PP -

=13
|

1

*I'his table and classification arc to be reworked using revised national
iccount data available through February 1965 and perhaps using estimates
I marcinal luport and savings coefficients more nearly reflecting
strictural Timitations on savings and imports. A determination that the
vien marsinal import ratios for Pakistan and Chile, for example, reflect
g

S T T S
{oeadt 1

slacknass in the forcizn brade constraint, mighi mean that

‘akistan should b moved from Group o to 4 and Shile from Group D to C.

*Based on revised time series available in March 1965 and not necessarily

omparable with 1957-62 data shown.
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levels and either marginal savings rates or balance of

"payments performance.

B. The Limits to Growth

1t is important for both development policies and
assistance policies to identify the factors which effectively
limit more rapid growth. In a well organized economy,
domestic and external resources would be allocated in
such a way that no single restriction would be controlling;
the balance of payments and the capital requircwments would
be equaily restrictive. There is considerable evidence
that thisg is not the typical case, however, and that in
many underdeveloped countries growth 1is better described by
the digequilibrium paths of model 1 than by models in which
the two gaps arc equalized.

The conparative analysis of the preceding section
pointed out some of the syaptoms of countries in Phase I1
and Phase 111. Our diagnosis can be pushed somewhat further
by looking for additional cvidence of the effects of
shortages or surpluses of savings and foreign cxchange.

There are a variety of shorl-run adjustments,
planned and unplanned, that combine to bring about the

necessary ex post equalization of the two resource gaps.

O
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Short-run adjustments through varying the rate of growth
and the level of reserves bhave already been discussed.
Other planned adjustments include policies of reducing
less productive investment and measures to alter the
import content of final demand without affecting the level
of income--by exchange rationing, taxes, elbc. Ex post
equilibrium in the two gaps is achieved by further
(unplanned) adjustments, such as rationing o! imported
raw ma.:rials and spare parts and market responses to
shortages of imports.

Some of these symptoms of disequilibrium can
be observed fairly readily. Others requirc more detailed
and qualitative piecing together of market information on
individual sectors. Some of the more noticeable symptoms
of the predominance of one or tie other major limit to
growth are the following:

Restrictive
Savings Limit

Restrictive

Indicator Import Limit

Foreign exchange Low or falling High or rising

reserves

352038cEBA Tty Shgnifigane excess
Marginal capital Higher than normal Normal or low
output ratio
Capital markets Slack Active demand
Marginal savings Lower than initial
ratio average
Supply orf imports Raticned supply Normal or surplus
supply
Marginal import Substantially Normal or high

ratio

lower than iuitial
average ratio
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While none of these indicators taken alone can be con-

clusive, several in combination may be strongly suggestive

of the predominance of one or the other limitinc factor.l/
To allow for these effects in combination, we

define the observed value of each variable as the sum of

its structurally determined value and a deviation from it.g/

Allowing for changes in reserves, the ex post identity

between the two gaps may be written as:

45) Ft = (IJC

%) - (S _ sx) = (WM w) _
+ It) (St st) (Mt + Mt) Et + ARt

The deviations have the following interpretations:

I* is investment above that required to main-
tain the current rate of growth

S* is the shortfall in savings from its potential
level

M#* is excess imports

AR 1s the change in foreign exchange reserves
In linear programming terminology, they have the character
of slack variables, indicating that the constraint is not

binding.

L/ This categorization excludes the pussibility of in-
sufficient aggregate demand, which would prevent the economy
from pushing against either limit. While not typical of
underdeveloped countries, this situation may be produced
by excessive stabilization policies. 1In Table 7, Iran sug-
gests this condition,

2/ There is no structurally determined value for exports.



I1-10

When the economy 1is constrained by the savings-

investment limit, the following inequalities hold:

(L6)

I¥ + Si v ME 4+ R

t t

The converse conditions hold for the import-export limit:

= L aT T
M- B >TI -5
47)

L3 < TH *
Mt + ARt It + St

If we have estimates of the structurally determined values
from analysis of an earlier period, these relations can

be used tc identify the dominant limit.l/ Since there are
few countries in our samnle for which this kind of analysis
is possible, we have based tentative judgments on the
departures from the 1nitial average savings ratio or--in

the case of capital and import ratios--from normg established

, _ . . . 2
by statilstical comparilsons of a large number of countrles.—/

1/ This kind of analysis was carried out for Greece for
the pariod 1950-61 in /7 7/, from which it can be determined

that py 1961 the two ex ante gaps were approaslmately equal.

g/ See footnote to Table 7.
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Table 7

Tentative Identification of Growth Limits, 1957-1962

Phase Indicators
Reserve Excess Excess Savings
Increase mports  Investment Shortfall

Country (/3008 (i) (k) (o ~o)
Savings Limited (Phase IA or II) — —————
Israel .19 .09 -.60 .07
Jordan A5 .06 -2.51 -15
Korea .03 10 .03 -.38
Malaya .38 26 1.44 -.21
Peru Ok .02 -.32 - 14
Thailand .08 .03 -1.78 -.05

Import Limited (Phasd IB or IIT)

, 07 .93 .15

Bolivia ~.01 - 5
Bragzil .00 -.01 -.78 12
Chile -.02 -.01 -.56 .19
Colombia -.02 -.03 .59 .19
Costa Rica -.01 -.11 .85 W22
Guatemzla -.06 _— .96 .15
Turkey 02 -.05 1.22 .05

Clos=ly Balanced

Greece .03 -0k -.61 -.09
India ~.06 I 0 -.91 -.09
Iran .02 .06 .06 .03
Merico -.01 -0k -.66 SOl
Pakistan .00 -.03 ~.71 .22
Philippines -.03 .04 -1.10 -15
Taiwan .03 -.01 -1.07 -6

—

Source: Table A-1l, except as indicated. All ratios bascd on
I8

"adjusted" data derived by fitting linear time trend
to observed values.

(Continusd)

/

b\)
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Table 7 (Continued)

Symbols:

1

pt

1

marginal foreign reserve/GNP ratio = AR T AV,
average import/GNP ratio in 1962,
average import ratio for a country of a particular size and income, 1962.
MO/VO
log My = = 23305 + .9779 log VO - 2h36 log NO
(.2721) (.1029) (.0835)
Where the standard errors are shown in parentheses, §2 = ,869,
VO = 1962 GUP (3 millions), NO = 1902 population (mililions) and
data for 37 less developed countries were used in the computing
of this average relationship.
incremental capital-output ratio, assuming l-year lag.
median incremental capital-output ratio, 3l-country sample (Table A-1).
marginal national savings ratio.

average national savings ratio, 1962.

1/ A weight of /3 has been applied to the marginal reserve change

coefficient. This permits direct comparison with the measure shown for

excess imports on the assumption that execess foreign currency can be

used either for additional imports or increased reserves. This is

because (uo - ) must be rmltiplied by the sum of the annual GNP

+
inereases over the base year rﬁ (Vt - YO)J to give exceoss imports while
0

reserve increases are found by multiplying o' hy the total increasc
-

! N
in GNP (Vt - VO). The ratio of (Vt - VO) to !§ (Vt - »ﬁ)J for a six-year

period (t = 3) is approximately 1/2 for compound GNP growth rates in

4 A

Uiits

normal range of .03 to .07.
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If we assume no slack in the limiting factors,
the normal pattern of deviations corresponding to the

two growth limits would be as follows:

Import Savings
Indicator Limit Limit
Change in reserves (AR) - +
Excess imports (M%) o) +
Excess Investment (I%*) + o
Savings shorttall (S*) + o

Examples of countries in which these two patterns appear
and are corroborated by other indicators are shown in

table 73ﬂ/A third group is also shown in which there is

little cvidence of slack for either constraint, indicating

that the two structural gaps have been fairly equal over
this period.

The five countries in Group D of table 6 show
the clearest evidence of the disequilibrium effects of
foreign exchange shortages. The successful cases of
group A in table 6 are either in Phase Il or show little

evidence of a difterence between the two gaps.

1/ Excess investment is che least significant of the
four indicators, since variations in k are caused by
a number of other factors. Large positive deviations
in k are probably significant indicators of excess
capacuity.

e
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C. Projections of Future Growth

Since less developed countries vary widely
in their ability to mobilize their own resources and to
utilize external resources, estimates of future assistance
requirements based on aggregate models are not very ugetul,
We shall therefore make a series of projections tor each
of fifty countries in order to explore the range ol future
growth possibilities and corresponding assistance require-
ments. While the projection tor any single country is
fairly crude, this approach has the great advantage of
taking account o/ absorptive capecity, import requirements,
and other limitations which can only be Jjudged on a country
basis.

Oour analysis is designed to explore the possi-
bilities for accelerating growth through a combination of
improved country performance and additional external resources.
We therefore specify a considerable range of pertformance
possibilities, based on the preceding survey ol current per-
formance. The range of values chosen for cach paraumeter
is designed to show the extent to which the performance
variables affect the country's growth and its aid requirements.

Methodolopy. The methodology to be followed has

already been indicated in our discussior of Pakistan in
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section I. A similar range of variation in performance
has been specified tor cach of the fifty countries in the
sample. Principal attention has been given to the 25
countries having the largest eotfcct on assistance require-
ments,

As a starting point for the analysis, we made
estimates of the six parameters in model 1, based mainly
on the historical pertormance in cach country but modified
in gome cases by the esxperience of similar countries. The
average ol the target ¢growth rates for all countries (pro-
Jjected to 1975) is 4.4°% ftor the historical elements,
approximatelyv the same as the recent past.

These historically based estimates for all six
paramcters are shown in Table A-2 of Annex A, They
differ trom the estimates in Table A-1 for 1957-1962 pri-
marily in the elimination of abnormal or biased values
that are not ewpected to persist--e.g., falling export and
savings rates, abnormally high capital coetficients, etc.
In large part, these abnormal values represent the effects
of digsequilibrium conditions rather than being measures of
underlving structural relationships.

To evaluate the possibilities for accelerated

growth, we divided the six policy parameters into three

W
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groups: the growth limits for investment and GNP ( i and T );
internal performance factors ( k, o' , and u' ); and export
growth ( . ). Starting from the historical estimates, we
then made two sets of more optimistic assumptions for growth
targets and internal performance factors and one alternative
set of export projections.i/ These alternative sets of
parameters values are shown in Table A-2. The possible
combinations of the sets of values for the parameters provide
a basis for 18 projections for each of the 50 countries.

In judging the range of possible performance for
each country, we took into account its historical performance,
its development plan, the observed performance of other
countries and some aspects of political performance. We
relied heavily on the development programs of the major
countries in making the intermediate or 'plan" estimates
of both growth targets and internal pertformance. Plan tar-
gets and performance are detined here as those achievable
with moderate improvements in development policies in rela-
tion to past experience. The most optimistic ("upper lLimit')
estimates ascuied that almost all countries could attain
the median observed value of the marginal savings rate (.20)
and could limit the marginal import coecfficient to the

normal value derived from inter-country comparisons.

1/ Details are given i. 1nex A.
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Our notion of the "upper limit" implies a
probability of about 20% that the given target growth and
perforrance could be attained. For all countries, the
average ol the plan growth targets through 1975 turns out
to be 5.2% and the average ol the upper limit targets is
about 6%. The country estimates range froan 3-4% in
Mauritius, Indonesia and S.Vietnam to 10 in lsracl, with
a heavy concentration bei.cen 5% and 73,1/

In order to cxoplore the range of growth possi-
bilitics systematicnlly, we have assumed the same degree
cf optimism for all countries in cach trial calculation,
Projections on this basis arce designed to reveal the range
of possibilitics that is interesting for policy purposes
rather than to torccast the most probable course of develop-
ment in cach country. The projections were made trom year

to year according to the formulae of the appropriate phase

1/ Whatecver the validity of our subjective judgments as

to the possibility of improved performance, this procedure
has scecmed preterable to A more mechanical approach to
testing the sensitivity of the results to various types

of change., Our principal conclusions are not greatly
alfected by ditferences in judginent as to the possibilities
for individual countriecs, however.
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in model l.i/ Cumulative results for the 18 combinations
of growth targets, country performance and export growth
arc given iun Table A-4 of Annex A.

The projections based on model 1 Include measures
ol excess consumption and excess imports, which show the
extent to which aid requirements could he reduced through
policics designed to equalize the two resource gaps. Since
the empirical possibilities for such policics cannot be
ascertained without detailed studies of cach country, we
have arplied the overall factors derived in scction 1 to
cstimate the reduction in capital intlow that might be
achicved in this way. For model 2 a detailed 30 country
test was also run to ascertain the effect ol plausible maxi-
mum and minimum limits to growth rates in each country on

the total capital requirements.

The Phasces of Growth. The projection of growth piths under

alternative assumptions provides a more general cvaluation
of the relative importance of the two resource limitations
than does our identification of these limits In current

situations.

l/ Machine computationg for models 1 and 2 involve a test
in cach vear to determine the appropriate growth phase and
set of equations to apply for the next year.
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Table 8 shows the proportion of the 50 countries in

which the savings-investment gap was the limiting factor--
and hence the determinant of capi*.:l inflow--in each of the
18 trial projections. The most striking result of this
tabulation is the predominance of the trade limit; 1t is
more important than the savings Limit in 1975 in 15 of

the 18 sets of alternatives.

This breakdown shows the quantitative significance
of three factors that have been discussed previously in
general termg.

(1) At higher growth rates the savings limit tends
to become more important, for reasons analyzed in section I.
Under most assumptions as to the other parameters, a rise
in the growth rate Lrom the historical average of 4.4% to
the upper limit average of about 6% increases by 50% or more
the number of countries in which the savings limit is con-
trolling.

(2) The savings limit is increasingly dominated
by the trade limit over time under historical conditions
of internal performance. This points to the need fLor more
import substitution unless export prospects can be drastically

improved.
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(3) A 40% increase in the assumed rates of growth
of exports (from the low to the high assumptions) removes
the trade limit in only 4-6 of the 50 countries uunder most
assumptions. Unrealistically large increases in exportls
would be required to greatly reduce the importance of the
balance of payments limitation by 1975.

The effects of the separate growth limits on
requirements for external capital are taken up in the next

section.

Development Performance and Assistance Requirements. Require-

ments for external capital in the 18 solutions to the model
are shown in Table A-4 and graphically in Figure 6. This
figure shows the increase in total capital inflow over the
period 1962-1975 as average rates of growth increase [from

4 4% to 5.9%. Two curves are shown for each of tte three

sets of performance assumptions, the upper one corresponding
to the low export projection and the lower ore to the high
export projection. Along the 'plan' performance curve with
high exports, for example, cumulative foreign capital require-
ments rise from $100 billion to $173 billion as the 1975

GNP rises from $297 billion to $356 billion.
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FIGURE 6

FOREIGN CAPITAL REQUIREMENTS OF 50 DEVELOPING COUNTRIES,
ALTERNATIVE DEVELOPMENT PATTERNS, MODELS 1 AND 2, 1962-1975

(All values in billions of 1962 U.S. dollars; Source: Table A-4
for Model 1 and special machine computations for Model 2.)
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The effects of individual elemente can be
isolared in Table A-4. Starting from the central estimate
of $131 billion in capital imports for plan growth and
plan performance, we can identify the foliowing effects of
changes in different groups of policy variables:

(i) A decrease in export growth from 5 2% to

3.8% causes a reduction of exports of $39 billion and an

increase of total capital inflow of $21 billion.

(ii) An increase in internal performance to the

upper limit (with a constant growth rate) causes a reductio

of capital inflow by $32 billion.

(iii) A fall in the growth rate to 4.4% (with no

change in internal performance) causes a reduction 1in
external capital requirements of $31 billion and of con-
sumption by $98 billion.

The relative importance of these changes varies
with the starting point and depends largely on which of
the growth limits predominates. AT the upper Llimit gZrowth
rates, where the savings constraint is more important,
the cffcct of increasing exports on aid requirements is

1
less.—/ At plan growth rates, abcut half of any increace

1/ This eifect is more pronounced at low growth rates 1t
we do not exclude countries having capital exports.
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in exports is reflected in a reduced need for external
rescurces in the model 1 solutions, since the external
tequirements of countries in Phase II are not affected.
(Under the less rigid assumptions of models 2 and 3, the
saving in external capital would be greater,)

Perhape the most notable feature of the analysis
is the sensitivity of aid requirements to variations in
internal performance. The maximum reduction due to im-
proved performance is about 20% at historical growth rates,
but at the 6% growth rate upper limit performan~e would
reduce external capital needs by 40%. Put in other terms,
the capital inflow required to sustain 4.'.% growth with
historical p_rformance would sustain 5.4% growth if all
countries could achieve the upper limit standards. The
main cause of the greater sensitivity at higher growth
rates is the greater importance of savinge out of increased
income as GNP grows. This sensitivity wcald be even more
pronounced if we assume that savings depend on per capita
rather than total income levels,

To compare our results tc other estimates, they
may be stated in terms of the net capital inflow in 1970

and the implied increase in external assistance between 1962
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and 1970. Omitting the less likely combinations of
assumptions, the indicated range of capital requirements
in 1970 is from perhaps $10-17 billion, corresponding to
a rate of growth of external capital of 5% to 12% from

its $6.6 billion value in l962.l/ This range compares to
the UN estimate for 1970 of $20 billion and to Balassa's
range of $9-12 billion. /4 /7 Our estimates have the
advantage of making explicit assumptions as to country
performance and of showing how the total depends on them.

The possibility of further reduction in assistanc
needs is indicated by the magnitude of the excess imports
for countries in Phase II and unrealized savings for coun-
tries in Phase III. With the moderate improvement in per-
formance that is represented by the plan growth targets and
plan performance, there would be $98 billion of unrealized
savings and $20 billion of excess imports. The predominant
need is to convert the unrealized savings into additional
investment which will substitute for imports or increase
exports.

The theoretical possibilities for reducing aid

requi cements in this way are shown in Tables 9 and 10. As

1/ Wn have used a factor of 1.3 to convert our sample
results to the requirements of all less-developed countries
The 1962 figure of $6.6 billion is based on balance of pay-
ments figures in 1—18, Table 1 7 and is lower than the OECD
estimate of $8.5 billion of capital inflow In the same year
The discrepancies between the U.N. and OECD estimatcs are
discussed in / 13, pp. 28-29_/ and /719, Annex pp. 6-7 7.
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explained in section I.C, the efficiency of the liport
substitution mechanism in converting surplus savings into
a reduction in capital requirements may be on the order of
50-65% under plausible assumptions. More massive import
substitution would raise the marginal capital coefilicient
for the additional production and lower the possibilities
for efficient saving on external capital.

To illustrate the extent to which further import
substitution or additional exports might reduce assistance
requirements by 1975, we huave made a set of projections
with model 3 on the assumption that not more than 10% of
total investment in each country could be devoted to this
purpose. The results are given in Table 9. They suggest
that better planning might reduce requirements for external
capital by a third or more at plan growth rates.

The realistic possibilities for reducing assistance
requirements through varying the growth rate are more diffi-
cult to estimate. To determine the order of magnitude of
possible savings, we have made two projections to 1975 in
which the variable growth paths indicated by model 2 were

. c . .. . . 1
followed within minimum and maximum limits set for each country.—/

=i porovin ratos was dotermined by ominimim and maximur 1imits on
the inereas. of rrocs investmoent.  noomavim investmont inereas: for
acroconrnry val b by the collmat.d ancorniive capacity meoasure, 1,
for that comiry ) toee, Iy 7 B_a U ) 0 Ao mindoam imit, the invest-
oninoons sy nad Lo pe conal Lo oor sreat o than thee country's
Lresosteent in ihe previousn yeary 1., ;t - IL—I'

A\~
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Table 9

—————.

Effect of Performance on External Capital Reguirements,

50-Country Sample, 19?51/

(billions of 1962 U.S. dollars)

Internal Performance Characteristics

Historic Plan Upper Limit
GNP Growth Low High Low High Low High
Targets __ Excorts Exvorts Exports BExports Exports Exports
Model 1
Historical 11.8 9.7 11.5 8.7 9.1 6.8
Plan 1234 15.9 17.1 13.7 11.7 8.9
Upper Limit 25.8 25.9 22.2 19.3 15.6 12.6
2
Model 3 (Approximate”/)
Historical 7.6 5.8 7.4 5.1 5.2 3.2
Plan 10.8 10.0 10.0 6.6 5.2 2.6
Upper Limit 20.5 20.5 13.8 1.4 7.3 5.7

Source: A.I.C., Office of Program Coordinativun, "23_.Year Projections,"
machine listings of September 16, 1904,

i/ External capital requirements exclude negative flows (capital outflows)
from countrics estimated to be net potential capital exporters by 1975,

g/ Estimated by assuming conversion of "excess imports" (Table A-4) to
additional import substituting investment in amounts not axcesding 107

of total investment estimated for equivalent Model 1 development alternati
1975 external capital "savings" under this assumption range trom $5.4 to
$9.5 billions.
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These results are shown by the arrows in Figure 6, They
suggest maximum savings on the order of 15% -- half the
estimate from the unrestricted application oi model 2 --
with upper limit performance and a high growth rate. At
lower growth rates, a higher proportion of the theoretical
savings indicated in Table 10  line 5) might be realized
and the capital inflow reduced by 20-25% from model 1.

OL the two adjustment mechanisms suggested,
import substitution is a much more realistic possibility.
The most important conclusion from this set of projections
Ls the need for iurther adjustments in balance of payments
variables beyond those realized in the recent past or

envisioned in current plans.

Welfare Aspects. Since the desirability of any given

policy cannot be Jjudged by the savings Iin foreign capital
alone, we have computed the three welfare measu:es already
suggested in Table 10. For the 50 countries as a whole,

the iaxplications are much tue same as in the Pakistan
example, When capital is saved by retarding initial growth,
as would often be the case under model 2 at low terminal
GNP targets (see Figure 4, lines aB), it is very coscly in
terms of lost consumption. This is shown by the ratio of

5.5:1 in column I of Table 10, line 14. When model 2
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calls for accelerating initial growth, however, the con-
sumption cost relative to capital savings is lower (line 14,
column 4). The consumption cost of model 3's import sub-
stitution (line 17) is also moderate under the assumptions

made here, although it would increase if pushed too rapidly.
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III. INTERNATIONAL ASSISTANCE POLICIES

Our analvsis has shown the conditiong under
which external assistance may make possible a substantial
acceleration in the process of economic development. It
has focussed on the interrelations among external resource
requirements and the development policies of recipient coun-
trics. Analvsis of these interrelations leads to scveral
principles of general applicability to international
agsistance policy,

The central questions for assistance policy are
the measurement of the effectiveness of external assistance,
the policies which recipient countries should follow to
make best use of external resources, and the basis for
allocating assistance among countries, This concluding
section summarizes the main implications of our analysis
Lor each of these questions and adds some qualitative
2lements which have been omitted from the formal analysis,

A. The Effectiveness of Assistance

In the short run the effectiveness of external
‘esources depends on their use to reliove shortages of
rkills, savings and imported commodities. The productivity
I additional amounts of assistalce over short periods
an be measured by the increase in output that results from
he fuller use of domestic resources which they make pos-

ible.
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Over longer periods, the use that is made of
the initial increase in output becomes more important.
Even if the short-run productivity of aid is high, the
economy mayv continue to be dependent on external
assistance indefinitely unless the additional output is
allocated so as to satisty the savings conditions and
trade conditions that were set out in the preceding
section. Over the whole period ol the transition to
self-sustaining growth, the use that is made ol the suc-
cessive increments in GNP is likely to be more important
than the elficiency with which external assistance was
utilized in the tirst instance.

The quantitative significance of the allocation
of the incremental resources 1s shown by the eflect on
total aid requircments of a variation in marginal savings
rates and the ctticicency of use of additional capital.
These two variables determine the aid requirements and
length of the transitional period in Phasec 11, Their
combined effect on aid requircments sand the time to com-
plete the transition is shown In Figure 7.

Two points arce plotted on the chart to illustra

the difference between average periormance and very good



TOTAL FOREIGN CAPITAL REQUIREMENTS (Cumulative as ratio to initial GNP, ZF/V,)

FIGURE 7

TOTAL. CAPITAL INFLOW REQUIRED TO REACH
SELF-SUSTAINING GROWTH

(Assumes 5% GNP growth rate, initial savings /GNP ratio of .08,
and Phase II throughout )
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performance. Point H corresponds to median values of
the paramotersl/ and Point U to upper quartile values.
The median values -- ~' of .20 and k of 3.7 -- require
total capital inflow of 3.0 times the initial GNP and
a period of 43 years to complete the transition to self-
sustaining growth,g/ The upper quartile values -- 2' of
.32 and k of 2.9 -- require a capital intlow of only 25%
of the initial GNP over a period of 6 years to reach self-
sustaining growth at the same rate. Between these two
extremes, we might distinguish as "good performance” com-
binations of k and ~' which would achieve the transition
wit' a total capital inflow of not more than the initial
GNP.E/

These calculations bear out our assertion that

the use that 1s made of successive increments in GNP is

L/ Taken trom the 31 country sample in Table 5.

2/ This calculation is based upon rhe lower-than-median
inTtial savings ratio ot .08 usced In cowmputing figure
If the median savings ratio of 12 {rom 7Vable 5 were uzsed
instead. the transition period woeuld be 35 vears and the
ratio ot total capitai inflow te initial GNP would be

L.4.

3/ The addition of an absorptive capacity Limit would
increase the requirements, but allowance tor a variable
growth rate would reduce them.
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more important than the efficiency with which aid was
used in achieving the initial increments. To emhhasize
this point, let us assume that the productivity of invest-
ment in the first f ive years of the "upper limit" develop-
ment sequence outlined above ftor Pakistan had been one-third
lower, requiring a correspondingly larger amount of invest-
ment and external aid to achieve the same increase in GNP,
The effect would be to increase the total aid requiived
over the 17 vesr period to Phase 11 self-suificiency by
some 45%. This, however, ig less than the effect of a
reduct:on in the marginal savings rate from .24 to .22.
The critical elements in the sequence are getting the
initial increase in the rate of growth, channeling the
increments into increased savings and al lncating investment
g0 as to avoid balance of payments bottlenccks. These long-
run aspects are likely to be considerably more important
than the efficiency with which external capital is used
in the short run.

The effectiveriess of assistance is also likely
to be increased in the long run by supporting as high a
growth rate as the economy can achieve without a substantial
deterioration in the efficiency of use ol capital. This
conclusion was derived from our models in section 1. There
are several factors omitted from the formal model which

also argue for more rapid growth:
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(1) The fact that a smaller portion of the
increase in GNP is offset by population growth;
(2) The gain in political stability and
governmental effectiveness that is likely to result:
(3) The greater litelihond of being able to
raise marginal savings rates and export growth
after GNP is growing;

(4) The greater likelihood of attracting
foreign private investment to finance the needs for

external capital.

While the last three factors cannot be measured
with any accuracy, they appear to have been important in
most countries that are successfully completing the transi-
tion, such as Israel, Greece, Taiwan, Mexico, Pcru and
the Philippines. These examples support the theoretical
conclusion that the achievement of a high rate of growth,
even if it has to be initially supported by large amounts
of external capital, is likely to be the most important
element in the long-term effactiveness of assistance.

The substantial increases In internal savings rat’os that
have been achieved in a decade of strong growth -- from

7% to 12% in the Philippines, ll% to 16% in Taiwan,

[
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6% to 14% in Greece, and -9% to 12% in Israel --
demonstrate the rapidity with which aid-sustained growth
can be transtormed into self-sustained growth once rapid

development has taken hold,.

B. Policies for Recipient Countries

While the receipt of external assistance

may greatly reduce the time required for a country to
achieve a satisfactory rate of growth. dependence on sub-
stantial amounts of external resources creates some special
policy problems. The principal lesson from the nreceding
analysis is that the focus of policy should vary according
to the principal growth limitations. Just as optimal
counter-cyclical pclicy dictates different responses in
different phases of the business cycle, optimal growth
policy requires different "self-help' measures in dif-
ferent phases of the transition.

In Phase I, where the growth rate is below a

reasonable target rate, the focus of policy should be on
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increasing output, implying an increase in the quality

and quantity of both investment and human resource inputs.
Our statistical comparisons criggest that a ra*e of growth
of investment of 10-12% is a reasonable target for coun-
tries whose initial investment level is substantially
below the required level. Phasce 1 can be comnleted by
most countries in a decade 1f this rate can be maintained
with sufficient improvement in skills and organization

to make effective use of the additional capit.l that
becomes available. Although it is probably more important
in this phase to focus on securing increases in production
and income, a start must also be made on raising taxes

and savings 1f international financing is to be justified
by performance.

In the transition from Phase I to Phase 11, the
rate of increase in investment can bhe allowed to fall
toward a feasible target rate of GNP growth, which is
unlikely to be more than 6-7%. The focus of development
policy should then be increasingly on (a) bringing about
the changes in the productive structure needed to prevent

a further increase in the balance of payments deficit, and
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(b) channeling an adequate fraction of increased income
into savings. Although theoretical discussion has tended

to stre

2]

¢ the gccond requirement, the tirst appecars to
have been more difficult in practice tor many countries.
Since substantial import substitution is required to pre-
vent the ratio of importse to GNP from rising, cxport
growth at least equal to the target growth of GNP ig
likely to be necesgsary in order to reduce external aid.
As the focus of development policy changes, the
instruments of policy must change accordingly. Somewhat
paradoxically, succegsful performance in Phase 1, which
would justify a substantial and rising flow of foreign
asslstance, may make the transition to Phase 1[I more
difficult. If investment and other allocation decisions
are based on the exchange rate that is appropriate for
a stbstantial flow oi aid, they are not likely to induce
suftficient import substitution or increased exports to
make possible a future reduction in the capital inflow.
Planning nceds to be based on the higher equilibrium exchange
rate that would be appropriate to the reduced Llow of aid
in the future in order for the necessary changes in the

productive structure to be brought about in time.
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It is this need for rapid structural change
which probably sets the lower limit to the time required
to complete the transition. Even though the simplified
model underlying Figure 7 suggests the possibility of
completing the transition in less than 20 years starting
frém typical Asian or African conditions, it is unlikely
that any such country can meet all the requirements of
skill formation, Institution building, investment alloca-

tion, etc., in less than one generation.

C. Policies for Donor Countries

The problems of particular concern to donors
are the allocation of aid among recipients, the standards
against which it is to bc provided, and the mecans Lor con-
trolling its use. Allocation among countries is complicated
by the mixture of objectives that motivate international
assistance, the most important of which are the economic
and social development of the recipient, maintenance of
political stability in countriesg having special ties to the
donor, and export promotion. This mixture of motives has
led to a complex system of aid administration in all coun-

tries.
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The predominant basis for capital assistance
1e the individual investment project, for which external
financing is provided to procure capital goods from the
conor country. Substantial but declining amounts ot
grants arce algo furnished for budgetary support ol ex-
colonies and other dependent arcas., In a few countries
loans rot lLimited to equipment for specific projects are
provided against the balance of payments nceds of develop-
ment programs.k/

Our analysis suggests some directions in which
improvements can be sought in the present system while
recognizing the probtems resulting from mixed motivation
and lack of contfidence in recipient performancce. We con-
sider first donor policies toward individual countries and

then the allocation of assistance among countries,

The Transfer of Assistance. Any system for transferring

resources must include: (i) a basis for determining the
anount of the transfer, (ii) specifications of the form
of resources to be furnished, and (iii) a basis for con-

trolling their use. On all these counts the project system

1/ In the terminology of A.I.D. 127 the latter arc called
program loans. About half of U.S. development lending is
on a pr gram basis, but only a small portion of that of
other D.A.C. members or the World Bank.
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has the virtue of simplicity. It also provides for
detailed evaluation of the investments that are directly
financed from external aid--which may be 10% or so of
total investment--and for increasing their productivity
through technical review.

While the project system has much to commend it
when the main fccus is on increasing the country's
ability to invest, it becomes increasingly inappropriate
as the development process gets under way. As the rate
of growth increases, we have shown that the effectiveness
of aid depends more on the use that is made of the additional
output than on the efficiency with which a limited fraction
of investment ig carried out. Furthermore, an attempt to
finance the amount of external resources needed during
the peak period of an optimal growth path--which may imply
aid equal to 30-407 of total investment--by the project
mechanism alone may greatly lower the efficiency of use
of the external resources. Limiting the Lorm of assistance
to the machinery and equipment nceded by substantial in-
vestment projects 1s likely to distort the pattern of
investment and prevent the development of local production
of investment goods if the offer of asgsistance is accepted, or

to lower the rate of investment if it is not.
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In these circumstances, it is clear that the
assistance will be more usecful to the recipient if the
range of comnodities that can be procurcd is broadened
so that the recipicent's pattern ot investment and pro-
duction can evolve In accordance with the principle of
comparative advantage. While domestic supply can--and
indeed must--lag behind demand In some sectors to accommo-
datce the needed resource transter, the country should also
be preparing to balance its international accounts by the
end of a limited transitional period. This observation
applics to aid in the form of apricultural commoditics
as well as aid in the form of machinery or any other
fraction of total imperts. A restriction as to form lowers
the preductivity of assistance wheon (a) it inhibits the
operation of comparative advantage on the allocation of
investment over time; or (b) it reduces the total assistance
received below the amount needed to complete the transition
ag cefficiently as possible.

A shift to non-project--i.e., program--assistance
ralsez questions of how to control the amount of aid supplied and
to  evaluate iks effcctivenecss. Donors fear that uncon-

trolled imports may be wasted in increased consumption
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rather than producing growth. 1In principle, the answer

is to relate the amount of 1id supplied to the recipient's
effectiveness in increasing the rate of domestic saving,
so that the added aid will actually increase savings as
income grows. As development planning and statistics on
overall performance improve, this "prograwm approach' is
becoming increasingly feasible both from the point of

view of determining the amounts of assistance needed and
of assessing the results.l/

The strongest argument for the program approach
arises for countries in Phase I1I, where the balance of
payments is the factor limiting growth and there is typi-
cally excess capacity in a number of productive sectors.
In this situation, the highest priority use of imports
is for raw matcrials and spare parts to make more cffective
use of existing capacity; project priorities should give
primary weight to import subscitution and increased cox-
ports. Control of the effectiveness of aid should be

primarily concerned with the cfficient use of total foreigr

1/The U.S. governient currently uses the program approact
in India, Pakistan, Turkey, Tunisia, Chile, Colombia, and

Brazil. See A.1.D. /77, and 1;7.
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exchange resources, which can only be assessed adequately

in the framework of a development program,

Allocation amony Countries. If the objectives of the

donor countries could be expressed as some function of

the growth of the recipients, it would be possible to
allocate aid primarily on the basis of expected develop-
ment performance. The varying political objectives of the
donors complicate the problem because each would give some-
what different weights to a unit of increase in income
among recipients. FEven with this limitation, however,
there may be considerable scope for reallocating the exist-
ing amount of aid so as to increase its effectiveness, or
for selective increases in individual country totals in
accordance with criteria of self-help.

The predominant project approach now in use
biases the allocation of aid toward countries whose project
preparation is more efficient and away from countries
whose overall performance may be better. The total demand
{or assistance tends to be equated with the direct imports
weeded to carry out projects that are approved by the lend-
ing agencies. This approach assumes that the ability to

prepare and -xecute fairly substantial units of investment
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must be achieved before an underdeveloped country is
eligible for other than technical assistance or politically
motivated grants. Other qualities that are equally im-
portant to successful development--tax collection, private
thriftiness, small-scale investment activity, export
promotion--are ignored in focussing on only one of the
many aspects of better resource use. 1t ig perhaps more
than coincidence that most of the striking successes in
development through aid--Greece, 1lsraecl, Taiwan, etc.,--
were financed largely ou a non-project basis.

While it is easy to point out the inefficiency
of the present system of allocation, an acceptable alterna-
tive to the project system of allocation and control 1is
needed to improve it. Where fairly reliable siatistics
are available, an alternative would be to set minimum
performance standards according to the country's point

of departure and to share the aid burden among interested

donors through a consortium or other coordinating mechanism.

For example, a country starting in Phase I might have as

its principal performance criteria: (i) growth of invest-
ment at 10% per year at a minimum standard of productivity,
and (ii) the maintenance of a wmarginal savings rate of .20

(or alternatively a marginal tax rate). There would be

\
(o
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little possibility to waste aid on these terms, since the
raquired increase in savings would finance a large and
increasing proportion of total investment. Appropriate
overall standards for savings rates and balance of pay-
nents policies for countries in Phase I1 and Phase III
could also be established witnout great difficulty. A
country maintaining high standards--say a marginal savings
ate ol .25 and a capital-output ratio of less than 3.3--
could safely be allotted whatever amount of aid it requested
in the knowledge that the larger the amount of aid utilized
-he higher would be the growth rate and the more rapid

e approach to seli-sufficiency.
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Annex A

The 50-Country Projections

f This section presents results of the model 1
projections described in the text and discusses the data
on whiéh the projections are based. The model was applied
to each of 50 countries and the estimates then aggregated.
The results for 1962-1975 are given here,

Most of the basic data are from United Nations
or country publications of national accounts and from the

IMF Balance of Payments Yearbook. Alternative and contra-

dictory sources frequently exist, and most of the data are
estimates that tend to be revised often and radically.
Data for the 50-country projections were the "best obtain-
able' during the first half c¢f 1964 and include many of
the more substantial revisions appearing in the United

Nationg' Yearbook of National Accounts, 1963 (available in

July 1964). Seclection of data sources were made by A.I.D.'s

Statistics and Reports Division and Office of Program Coor-
dination. Computations for the projections were made by

electronic computor and were completed in September 1964,



Table A-1 shows the observed 1957-1962 values
of the various structural parameters described in the
text, and Table A-2 shows the three alternative sets of
values that were used for these parameters in the pro-
Jections, The first set of the Table A-2 cstimates is
"historical” in that it represents a continuation of past
trends subject to certain adjustments leading to a slightly
optimistic bias (sce below)., The third set, "upper limit"
values., represents conditions likely to be achieved no
more frequently than in one of five cases and cnly when
accompanied by structural changes in the economy. The
sccond set, "realistic” or '"realistic plan" values, reflects
intermediate possibilities.

The values of the parameters are based on studies
(including country plans and planning documents) available
to A.T.D. as well as detailed country studies made by A.I1.D.
A considerable degree of judgment was nevertheless needed
in chosing the various growth characteristics, and beavy
reliance was placed upon the informed judgments of country
experts within the Agency.

Some considerations taken into account in these

Jjudgments are:



GNP growth rates

Maximum rate of growth
of Investment

Capital-output ratio

Marginal savings rate
(potential)

Export growth rates
and potential marginal

"Historical"

"Upper limit"

import ratilos

at least as high

as population
growth

at least 5-6%

less than 5.0 (ex-
cept for Argentina

non-negative

non-negative

highest target
is 10% (Israel

no greater tha
15-16%

no lower than

generally abou
20-25%; these

estimates usua
were sct g0 as
permit evcntue
self-sustainir
growth (i.e.,

nt > KkF) .

(See below)

The marginal import coefficients conceptually repre-

sent the minimum import requirements which are technologically

necessary for the production of gross national product and

for satisfying a minimum level of consumer demand. Historical

rates were largely based upon past actual imports and thus

may be higher than the structurally defined minimum level.

The upper limits for these coefficients were chosen, except

when detailed country projections were available, by estimat-

ing the relationship of past imports for a large number of
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less developed countries to country measures of 7NP and
population. The theory was that countries with substantial
internal markots would be able to produce more of their

own goods and would have to import smaller quantities and
that countries with higher per capita incomes will wish

to ilmport more than countries with smaller incomes. The
theory explains much of past country-to-country differences
In imports of goods and services. Where average values
obtained from this theory were less than actual import co-
ellicients cxperienced by a particular country, the average
values were taken ag the upper limit to that country's
ability to reduce its import requirements. ‘Where average
values obtained from the intercountry comparison were
higher than those found for a particular country, no change
was made in the country coefficient. The procedurc, there-
fore, in the abscnce of ‘detailed studies was always to take
the lewer of two alternative values of the import cocttfcient.l/
(This produced an inteutional downward bias in the upper

Limit coefficient.)

1/ wWhile "realistic plan” marginal import coefficients
werc generally taken as equal to or less than “aistorical"
ratios, detailed country studies indicated rhat in some
cases (Pakistan, Turkey, Argentina, Chile, Colombia), rela-
tive Tmports vere more lLikely to increase with faster GNP
growth.  “Uppcer limit” estimates, on the other hand, uniformly
include encugh import substitution to bring them equal to or
below the "historical rates”



Export growth rates were based originally upon the

historical experience of each country modified by judgments
of a "most probable' future growth path, and upon a more
optimistic forecast of export possibilities. Combining

the implied future exports tor the fifty countries, how-
ever, gave overall growth rates ranging from 5.5 per cent

to 6.5 per cent. Since these potential increases werc con-
siderably higher than most forecasters belicve possible for
the less developed world, cach country's rate was proportion-
ately reduced so as to give a 1962-1970 combined export growth
rate of 3.7 per cent as one alternative and e rate of 4.9

as a sccond alternative.

The base vear (1962) data used for beginning the
50-country projections are given in Table A-3. The "1962"
figures shown are not actual observations but estimates for
that year obtained by titting a linecar trend over time to
data tor the period 1957-1962. This procedure was helpful
in removing the e:.ect of erratic year-to-,ear rluctuations
in evports, savings, investment, production, and imports.
Where an observed 1967 value above or below the trend repre-
sented not an erratic f{luctuation but a permanent shiit to a
higher or lower level, however, the procedure could (and did)
produce a bias in the starting figure. This is one of the reasons

why the projections for individual countries, while useful



for illustrative purposes, are not as reliable or as con-
vincing as the total for a group of countries where some
of these biases may be expected to cancel each other out,

The notes to Table A-3 give additional informa-
tion on sources and definitions.

Table A-4 presents results of the 50-country
projections for nine of the eighteen combinations of
alternatives described in the notes to Table A-2. Full
details for the nine high export assumptions are not shown,
but GNP, investment, and potential savings and imports
(lines 5, 6, 7, 9) will be the same for both low and high
exports. Capital inflow and consumption estimates for
both sets of export assumptions are shown in lines 14-19
and cumulative exports themselves are given in lincs 3 and
b.  The cumulative capital inflow data (lines 16 and 17)
have been plotted against 1975 total GNP (line 1) in
Figure 6 of the main text.

Table A-5 gives estimates for the single years
1970 and 1975, by region, for four of the cighteen combina-
tions of alternatives. Potential savings and imports have
not been shown in this table, but the potential savings-
output and imports-output marginal coefficients are given

in Table A-6.



Table A-6 shows the 50-country average growth
rates and structural relationships implicit in the detailed
country assumptions and initial conditiong discussed 1In
the preceding section. The growth rates of GNP, investment,
and exports are essentially weighted averages of the country
rates shown in Annex A, Table A-2. The marginal coefficient
for "potential’ savings and lmports are also weighted averag
while the coefficients for "realized” savings and imports
represent projected actual savings and imports atter ad just-
mente to cqualize the investment-savings and import-export
gaps. Sincce our procedure has been to set an upper limit tc
savings and a lower limit to imports, the recalized apgregate
savings coclticient is always less than the potential saving
coefficient while realized aggregate imports are higher thar
potential imports.

The historical GNP growths ol 4.3% for this 50-
country sample is close to that actually experienced by
the entire less developed world during the past decade.

The fact that the planncd growth rate of 5.1% per ycar be-
tween 1962 and 1970 is close to the target of the U.N.'s
development decade, on the other hand, 1s completely co-
incidental; no congcious elfort was made to choose planned

target growth rates that would average out to 5.0%. The

-
=«



upper limit growth rate is held by absorptive capacity
constraints to 5.3% per year between 1962 and 1967, but
increases to 6.0% between 1967 and 1970 and to 6.2% be-
tween 1970 and 1975. The average for 1962-1970, shown in
Table A-06, is 5.7%,

Investment growth potential was increased slightly
between historical and upper limit growth rate assumptions

in order to permit attainment of the postulated higher GNP

growth rates. While these latter rates increase from 4.3%
Eo about 5.7%, average potential investment rates are
assumed to increase from 9.1 to 10.2 per cent. These

estimates of absorptive capacity suggest an upper limit
to the average annual GNP growth of the less developed
world average of close to 9 to 10 per cent per year.
While the weighted average capital-output ratio
is not greatly affected by variations in country growth
rates, it is affected by the internal performance option
chosen. If the investment-savings gap were the factor
determining foreign capital requirements in all countries
(which it is not), the 50-country calculations show that
achieving plan performance with regard to the capital-
output ratio would save perhaps one billion annually over

the period 1962-1970 while achieving the upper limit



capital-output ratio would save an additional amount of
foreign capital of almost as great a magnitude. Because
the import-export gap is also an important determinant

of foreign capital requirements and because this gap is
not affected by improvements in the capital-output ratio,
actual savings would be considerably less than $1 billion,
especially at lower GNP growth rates.

Average potential savings increases, under our
assumptiong, would range from about 19% of additional GNP
under historical performance to about 24% under the best
possible pertormance. Realized savings, however, because
of the depressing effcct on savings of large import-export
gaps, would turn out to be considerably smaller. largest
differences exist under historical growth rates and per-
formance assumptions where the import-export gaps appear
to be quantitatively most important. Under these conditions
the realized marginal savings coefficient might be only
about 12", Realized import coefficients, on the other hand,
are usually considerably greater than potential coefficients
because of the "unplanned'' imports made nececgsary by the
frequent dominance of the investment-savings gap. This

dominance is most pronounced at upper limits of growth and



performance, and consequently the average realized import
coefficient would exceed the average potential coefficient

most noticeably under those conditions.









TABLE A-2, Page 2

l/ The projections are based on three sets of values of para
eters - one set corresponding roughly to historical rates; a
second set based on higher yet realistic target rates of GNP
growth, and a third set based on upper limits to GNP growth,

achievable only when accompanied by structural changes in th

economy. In these tables, the classifications are symbolize
by:
"Realistic
"Historical" Plan" "Upper Li
Target GNP growth rate;
maximum investment
growth rate H P U
Capital-output ratio;
marginal savings ratio A B c
Marginal import ratio (a) (b) (c)
Export growth rate 1 - 2

The following 18 combinations of these factors were use
for the results presented in this paper:

H-A(a)-1* P-A(b)-1 U-A(b)-1
H-A(a)-2 P-A(b)-2 U-A(b)-2
H-B(a)-1 P-B(b)-1 U-B(b)-1
H-B(a)-2 P-B(b)-2 U-B(b)-2
H-C(c)-1 P-C(c)-1 U-C(c)-1
H-C(c)-2 P-C(c)-2 U-C(c)-2

*This symbollc arrangement says that the H growth rates of
and maximum investment were used in conjunction with vhe
capital output and marginal savings alternatives,

and with the first of the two

(a) marginal import ratios,

port growth options.

with th



Table A3

BASE vEAR ATAY (uillions of 1962 $US )

(1) (2) (?) (L) (s) (6)
Grose Gross (iross Net Foreisn Trade in Goods
National Invest~ National Capital and “ervicers
No.  Country Product. rent Savings Inflow Irports  Exnorts
Near East
) yorus 250 52 35 17 137 115
3 Greece 3861 777 cL7 231 704 h7l
5 Iran 4610 705 654 0 1070 1020
6 Israel 2107 635 229 Los 85 e
7 Jordan 339 52 -hs5 97 11 I3
9 Turkey 6082 968 770 158 699 501
1C U.A.R. 3692 575 312 263 1002 739
Jouth Asia
- Ceylon HIIA 223 196 27 hh7 1120
L India 37211 2423 558 R39 2579 1490
& Pakistan 7551 922 AR3 239 756 517
Latin America
11 Argentina 12166 2956 2625 331 1656 1326
12 Bolivia L70 61 20 il 104 52
13 Brazil 1,053 1912 1490 LR 1792 137h
1l British Guiana 149 50 26 23 100 77
15 Chile 3L5¢ 1468 271 197 755 GAR
16 Colombia 11259 909 759 150 722 €72
17 Costa Rica L67 N 52 20 130 108
1§ Fcuador 857 13% 112 26 180 15)
19 F1 Salvador 527 6L 56 8 14 136
20 Guatemala 1077 112 81 gl 161 130
21 Honduras 8 60 A3 -3 81 °3
22 Jamaica 737 137 98 39 296 257
23 Mexico 14175 2180 2039 141 1639 1498
2k Nicaragua 369 60 o1 9 103 i
25 Panama L78 90 57 3l 186 153
26 Paraguay 233 18 6 12 59 L7
27 Peru 2LLL 500 525 -2l 595 620
28 Trinidad-Tobago 558 177 117 60 L79 W19
29 Venezuela 5741 108K 1812 -726 1801 2527

i/ Data shown pertain ‘o the year 1962. They are not actual
however, but averages derived from a 1957-1962 time Irend,

1962 rigures,



Amex B

The following notes give a line-by-line derivacion of the formulas
used to compute Tables 3 and 4 as well as efficiency factors for the
differences between Model 1 and iHodels 2 and 3. Superscripts denote the
model number; 2.g. Fi represcnts the variable I for liodel 2 in year t.
Aij hefore a variable indicates the difference between two modcls.  Thus,
the symbol 7AO ¥ reads as "the change in cumilative GNP from todel 1 to
Model ».M A

All summations are over time for t = 0, 1, 2, «.. n unlass olherwise
indicated. All variables shownt have been divided by the initial year's
GNP (i.e. Yt rOpTrGSEnt.s Vt/yo’ Mt
are the same as those used in the text.

rep.sesents P%/VO, ete.). Other symbols

I. Derivation of Eguations for Table 3

A, A1l lodels

. . -\n
Line 1. Vn = (i+r) , where n = 13.

2. Gur target growth rate =T

1
. (1+e)™ 4 ]
3. TE, =& [ .

B. Model .

-n+1
. ol <1+r>“_1]
Line L, > Vt = [ =
1 = 1
5. % It = kr ¥ Vt
1 _ ) , 1
6. £33, = (n+1)(e -U')-ro.'ZVt
11 ____\—-v’l‘l *
7. St = Dt + ¥ St
i} . s L.
where Z St = min(0, th - ¥ Ft)
1 =1
YES o= W - 5
and It VTt z 5,
2F" = T . wE (sce line 8 for ¥ M)
t t T ” ot
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1 1
i b W = - t
Line 8. Ht (m{)mo li)+LLZVt

1 _ 1 .
9., Z Mt = X M£ + X Mt
N Z -:k: , Z s— m
where Mt max (0, Ft X Ft)
and % FE, X F? are as in line 7.
U = - *
10. Ec’tr Zst
11. ZM;E (see line 9)
2. ZF = max(nFS, ¥ F
t Tt t
IT if ZF. = 5§
. _ t t
13. Dominant phase = 1 n
IIT if XF_=SF
t t
C. Hodel 2
¥ R | T . g ot
Line 14. Vi 2T+ Z‘vt (n+1)(qb o't -k )
C{' 4+ Lt
This is derived from the following balance equation for gap
equalization:
2 2 2
- = I M -
ZIt % 8y M ZEt
2, w 2 2
or % It+ 5 B, o= z St+ ¥ Ht

Substituting the formulas for ¥ T2, T si, and T Mi (see

lines 15, 1€, and 17 below) and solving, we obtain the above

equation for I Vf: .



TABLE A-3Page 2

(1) (2) (3) (L) (5) (6)
Gross Gross Gross Net Foreign Trade in Goo¢
National Invest- National Capital and Jervice
No. Country Product ment Savings Inflow Imports  Expo
Africa
30 FlgerTa 3680 %0d 156 wu 1207/ 8
31 Ethiopia 861 91 N 28 133 1C
32 Ghana 1513 298 195 103 577 Iy
33  Kenya 7138 99 87 12 297 2f
3,  liberia 139 93 13 80 159 [
50  Mauritius 167 32 13 18 86 ¢
35 Morocco 1977 209 150 60 515 Lt
36  Nigeria 3434 560 3681 183 738 5t
37  Rhodesia-Nyasaland 1505 268 2Ls 23 795 17
38  Sudan 1237 177 139 38 283 2
39 Tanganyika 597 67 L0 27 223 1
LO  Tunisia 739 185 6l 121 296 1]
4l  Uganda L5k Lk 30 1k 182 1¢
Far East
42  Burma 1405 209 231 ~22 2L8 2
Ll Indonesia 8348 745 1,86 259 1206 9l
45  Korea, South 2178 315 82 233 393 1t
49  Malaya, Fed. of 1896 347 419 =72 9l 10’
46  Philippines 3789 479 Lok 75 762 61
L3 China (Taiwan) 1805 Lol 273 128 37 21
47  Thailand 2879 L55 L1k L1 572 5.
48  South Vietnam 1381 157 -50 207 305 (

Source: Agency for International Development, Statistics and
Reporis Livision and Office of Program Coordination,

data as of September 196lL.

2
~/Reflects largely arbitrary downward adjustment of 1957-1962 averages to

reflect post civil-war conditions,

W



GENERAL NOTES TO ANNEX -, TABLE .-3

—

GNP and gross investment data used for preparing the 1957-
1962 trends were largely taken from the 1967 editinn of the United
Nations' Yearbook of National Accounts Statistics. Modifications
were made in a number of instances where revisicns to a country's
national accounts had not yet been incorporated in the published U.N.
estimates or where independent A.I.D. estimates were Lelieved superior
to the official figures. Dollar estimates were cerived by converting
national currency values to constant 1962 prices and then converting
the values for all years through a 1962 dollar exchange rate. 1In
chosing dollar exchange rates a few adjustments were made to approximate
more closely "equilibrium" rates (esvecially when devaluations had
occurred in 1962 or 1963). No adjustments, however, were made on the
basis of internal purchasing power comparisons of the national currencies.

Lollar values of exports and Imports of goods and services
were either taken directly from the IFF, Ralance of Payments Yearbook,
vols. 1k and 15, or else converted from Yearb (R national currency
estimates at annual exchange rates suggested by the IMF. The difference
between imports and exports corresponds, therefore, to the IMF's
"balance on goods and services" and includes net merchandise, net
freight, insurance, tourist, and other services, and also net factor
income (dividends, interest, but not tLransfers of capital ) {0 or from
abroad. No attempt was made to change the imports and esnorts to a
"consiant" dollar basis on the grounds that there was 1ittle perceptible
change in the international purchasing pnwer of the dollar Juring the
veriod 1957-1%962.

Istimates of gross national savings were derived as residuals
by subtracting the talance or goods and services (or foreign savings)
from gross domestic investment. The definition of savings corresponds
to the pre-1961 U.N. usage in that no adjustment was made to reduce
foreign savings by the amount of current account transfers from abroad,
lhe revised U.N. procedure is to treat some transfers not as foreign
'savings" but as foreign contributions to current consumption., The
2ffect is to decrease estimates of foreign and to increase estimates
>f national savings. While we have no quarrel with the revised
oncept, we believe that it has been extremely difficult in practice
.0 estimate the irue volume of transfers contributing to increased
jurrent consumption. For this reason we feel that less error is
iade, particularly in estimating trends, by reverting to the former
[.N. savings definition.


http:revisic.as







TABLE 4-6

AVERAGE VALUES OF GROWTH RATES, SAVINGS, AND IMPORT COEFFICIENTS
50-COUNTRY SAMPLE, VARLOUS ALTERNATIVES
1663-1970

Internal Self-Help Policy Alternstives

Historical Realistic Plan Best Possible
Performance Performance Performance
Low High Low High Low High
Exports Fxports Exports Exports Exports Exports
(1) (2) (3) (&) (5) (6)
Historical Growth
Annual growth rates
GNP .03 LO43 L0lU3 043 LOk3 O3
Exports .037 049 .037 049 .037 L0U9
Gross Investment (Potential) +091 .09L .0%L .09L .09L .00L
Marginal coefficients
Capl tal-output 3.39 3.39 3.26 3.26 3.15 3.15
Savings-output (Potential) .L90 .190 .215 .215 L2b5 245
Savings-output (Realized) 115 k1 J113 L143 132 161
Imports-output (Potential) .155 .155 .150 .150 123 .123
Imports-output (Realized) .191 .195 .170 .188 J140 .158
Realistic Planned Growth
Annual growth rates
GNP .051 .051 051 .051 .052 .052
Exports .037 049 .037 049 .037 LO49
Gross Investment (Potential) .096 .096 .096 .096 .096 .096
Marginal coefflclents
Capital-output 3.40 3.40 3.27 3.27 3.15 3.15
Savings-output (Potential) .187 .187 .211 211 243 243
Savings-output (Realized) 126 JL46 .123 148 .15L JATH
Imports-output {Potential) 57 L157 .159 .159 .120 .120
Imports-output (Realized) 184 .20k 172 187 .133 149
Upper Iimit Growth
Annusl growth rates
GNP 057 057 057 057 .058 .058
Exports .037 049 .037 .Ol9 .037 L0lk9
Gross Investment (Potential) .102 .102 .102 102 .102 .102
Marginal coefficients
Capital-output 3.40 3.40 3.28 3.28 3.16 3.16
Savings-output (Potential) .185 .185 +209 .209 242 242
Savings-output (Reallzed) 157 .165 JATL .183 197 .212
Imports-output (Potential) 157 157 157 157 .118 .118
Imports-output (Realized) .216 243 176 .198 136 156

runs- of September 16, 196k,

SOURCE: AlD, AA/PC, "23-Year Projections," machine
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2 = 1 =\n+1
Line 15 t It k v(l r 1 (see line 5)
16. £52 = £3 = (m1)(o-0') + @' (cf. line 6)
t t o] t
7. I M = T = (nt1)(p -pt) + BT ve (¢f. line 8)
t t o t *
2 2 =2 =2
. S = X - = -
18 Ft It b3 St z Mt = Et
D, Model 3
. 3 _ 1 .
Line 19. Z'Vt = I Vt (see 1line 4)
0. FI2 = TIN+ (1mi)rI
t t b m
t
where (1-%) T‘Imt is the additional investment over that

for Model 1 because of a different capital-output ratio.
Since X VE =z Vi y IE will differ from 2. Ii only

because a part of X 12 (i.e., the import-substituting

investment I Imt? hag a higher capital-output ratio (km)

than the k for normal investment.

3 _ 1 k.
Hence ¥V It = ¥ It - km ¥ Imt + ¥ L“t'

Letting b = Efl and combining terms gives the equation

for line 20.

See below for derivation of ¥ Imt.

210 T Iy * L1



B-4

Line 22. T8 = T8 =15 (ef. lines 6, 19)

3. o7 »
23 DM =T+ v,

1

4
C

where 2372 =% M, (ef. lines 8, 19)

and z Mmt represents the imports replaced by additional

import substitution (See below for derivation)

TRl = 3 3 _ 3
2L, FY LI T sy T - TE
25, 264 27. ci = zvi - T Si

©. Derivation of ¥ Imt and Z Mmt

The import-substitution production function (equation 42) is:
(1%) My, = 1 ; - al
t z1I m
- nLt

where a 1is the additional import content of Imt
{obtained by subtracting the average import ratio of Vt

from the ratio of imports to investment for T )
t

Summing (1*) over time,

= n t-1 n
Mmt o g ( % Lmt) - a kXl I
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My o 5 ™M

= TlI + (n"l)I + s s e + I
m m

o 1

n
= g (n—t)Imt

o
~
=

o
~

I 4+ (I +T )4 eee+ (I +I + suut I
m m m m m m

o 1 n-1

For the calculations in Table 3, a simple linear increase

over time was assum=d for Im

t
ifeee, I = I (t+1)
m m
t )
Now % T (t+1) = (n+1) (nt2)
* 0 m_ >
and % £I (t+1) n(n+1) (n+2) -2
o mo‘ ' 3 3n

Substituting into (2*a) yields:

n n n 1 1
L = (== z = = - =
g : + 3bk a) 0 Irr:_t g a b)

n

g Im (t+1)
o

n

0 Imt

3k(b-1)

n-3abk *
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From the balance equation for Model 3,
I S S S (Table 3, line 24),
comes ¥ I + (1-%)? I - stovraly THM - TE (Table 3, lines 20-23)

and hence, by rearranging and combining terms,

(3*) TF°. <" = v%-(l-%)x%
Substituting (2*b) into (3),
(%) rlﬁn = T%_(Z FS oz @™ where g = 3%%%;%% .
1t follows immediately from this that (1 - %) I = - ifg(r F° . o P,
Ii. Derivation of Equations for Table h:
Line 1. Vn = (14+7)", where n = 13 (see line 1, Table 3)

2. GNP target growth rate = r (see line 2, Table 3)

3. v Fl = max (ZF° , TFM (see line 12, Table 3).



Line 4,

. 9-1h.

15.

(15.1)

TR =TI2 . T5° ="M - TE (see line 18, Table 3)
by F3 =3 13 -2 83 = 2 M3 - YE (see line 24, Table 3)
8. z Ci = TV - T S° for all three models

(see lines 25-27, Table 3)

The formulas for lines 9 through 14 of Table & are the sai
as those for lines 3 through 8 respectively, where all
cumulative values o1 the variables are now discounted.
Equations for the variables may be obtained directly f{rom

the formulas for Table 3 by substituting

ﬁz‘)t

1.\t 1
(I;a) for (n+1), Z(l+d for ¥ Vt y and
1+et
Eoz(1+d) for TE .
- )
¥ AZIC = (1-a')Z A2'|,V TFP 2"
(1+u1)z o,V TF° s TF

Since TC* = ~v' - 7 s* for all models (see lines 6-8 above.
- - 2 1
1 i = 3 - °
we have AZIC C < C
el - - v‘ .
T Ay P
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But A213 =7 &215 - 7 S%¥ (Table 3, lines 7 and 16)
= A" A21V - 0 5%
vhere ¥ S* = min(0, . #°-7 #™M).
Joreovar,
mrf et et o3 Lo wly v 5 (Table 3, line 7)
= 7 Il+f 2 - (n+1)(~o-0"+po-w’) - (orr4pr )0 vl

AW

Joe

17.

1420,

(Table 2, line 14)

-

(aet+pr)” v (a'+g')ffvl

(e + u')Zfﬁlv.
The ecuation for line 15 is obtained by substituting equation

(15.2) and then (15.3) into (15.1).

S . 1
I oL ,)1V LT T Ly
A = o - 5 0
21 ol Y TR SN O
v

P =X IV - 75T for all models,

Since

e have 7ﬁﬁ1F =L T S
Dut T, T= 0 (Table 3, line 15) and -l,.8 = 15 C oo UV
< ‘. . I

(15.1) above).

(see eozuztion

s I
Sl g d

o1

be derived

-
L

21

diractly from the equation for line 15.

Thus e V, and the equation for line 18 may

- C h'""l 31 w5 e :
B L’. ' [ < 1L
21 ? 1
= 7 = AR - S -
-Zlg‘ T T < Fm
This equation is obtained directlr from the cnuations for lines

14 and 17.
“ha formulas for lines 15-20 are identical to those for lines

e

15-17 respectively, vwhere discounted values are used for 4 V.

21
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- . S !
Line 21. S4..C = min(0, T F°-T )

31
i T = "LV o N A5 A -
Since ’“310 31\ ,315 and L310 31V

equations (15.1) and (15.?) for analogous derivation), and

«—

= o'l Z 3% (see

since Eﬁle = 0 (Table 3, line 19) we have *ABIC = T 3%,
(Sez Table 3, line 7)
£ =5 e ooh -
22. :ABIF -4 l{g ( -‘5 ) ‘Jf;ﬁ Fs : F:
T (CF° - =T ~FS e TF
Since L‘Fi = 7 Mi - 7 B for all models,

L 3 ]
we have & F =TI - 20

= T - Ti® (Table 3, lines 9 and 23)

max (0, T F°.7 )

o 1P (-5 «~.m
and : L'Am = i::’ (--‘ l‘ - . g )
! Bl

1]

vhere ~ if*
(Table 3, eaquation (W*)).

The equation for line 22 follows immediately.

T, C 0 ol
———— = - 25 ~ il
23- e, 1+ LF e TF
ot -
This souation is obtained directly from the equations for
lines 71 and 72,

2426, The Cormlas for lines 2L-2% are identical to those Tor lines

o M
) U ¢
T " :

21-23 respectivelry using discounted values for =¥ - T,
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III. Derivation of Efficiency Factors

SAF

(1) General equation: g = —F——n
: S A

(2)

(3)

N

S oyl
At TE ey

21
q

= ! - =S m
'+ut SE o TE

This may be obtained by substituting equations (15.3) and

16 (Table 4) directly into the general equation for efficiency

factors.
_g... 5 55"‘ m
- Trs 2FT 2 F
q31 =
1 s m
l+g ‘."F <VF

This is obtained directly from the equation for line 22 (Table 4)

and the general equation for efficiency factors.



