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T Introduction:

In the first two parts of the present memo. we have discussed the
conditions under which a single loan can have a given net effect on the
size of the country's capital at a certain future date. Two variants of
the annual annuity were considered; the decreasing and the fixed. We
also discussed the effects of the existence of lags in the shape of gesta-
tion periods and grace periods. The guiding principle was to define the
addition to the country's capital at a given future date, which was chosen
initially as the date of full retirement of the debt. Iater it was nece-
gsary to modify this rule &ince it did not fit in quite reasonably with the
need to evaluate the actual capital resources required to finance a certain
target of economic growth. It is one thing to say that a certain loan can
add something to the country's resources at the end of its repayment period;
and it is another to tell what it is going to add at a given future date
irrespective of the length of that period.

As concluded in the previous parts, we still have to investigate the
behaviour of* the parameters of the economy in order to take full account
of long term development aspe¢ts. Before doing that however, we have to
discuss the implications of yet another approach, developed by the experts
of I.B.R.D. In general, this approach is concerned with the effect of debt
servicing on long-term growth. The starting point was to consider a given
growth rate, g say, already determined by some model. If this rate requires
more investments than could be financed by the self-generated savings of the
country, the need for borrowing, amd further, the size of foreign loans
(assumed to be the only source of external finance) will be determined. The
main question will, therefore, be: Under what conditions can the country .
maintain the given rate of growth and at the same time be able to service
the ensuing debt?

In other words, the I.B.R.D. experts are interested in the capacity
to service the debt under given development requirements. This is a point
of view of a creditor rather then a debtor, which is natural if we loak
at the problem from the side of the Bank. However, it leaves much to be
desired. In the first place, the approach does not tell the developing
country how to fix its target growbth rate, which will eventually be a
function of loan conditions. The implicit advice given in the form of the
necessity to stop borrowing if repayment is impossible within a reasonably
"long period in the future (e.g., over a generation) begs the problem. As
was shown before, there are cases where a country could have ended with a



larger capital stock without, rather than with, the loan. If this is

so, we might face a situation in which the capacity to repay exists, but
the net outcome is much below the level achievable in the absence of loans.
Such situations do exist and they call for a reconsideration of the whole
approach, in spite of its seemingly plausible foundations. (1)

Two variants of the I.B.R.D. model will be considered. The first was
prepared about ten years ago by Gerald M. Alter for a conference organized
at Rio de Janeiro, August 1957; by the International Economic Association.
Alter's paper(2) is concerned with the determination of the critical level
of the marginal propensity to save, required to ensure the realization of
a certain rate of growth, and at the same time delimiting the cumulation
of foreign debt within predetermined bounds. This model has been later .-
simplified by Avramovic and his colleagues, (3) and used to study the so-
called debt cycle. We shall give in the following sections a summary of
these studies, then show how far the whole approach can be relied upon to
deal with the real problems of economic development.

To the list of notations given in pages L-5 of Part I of this Memo.,
we shall be in need of the following additional notation:

P = Population
p = rate of growth of population
g = rate of growth of G.D.P.

st= average propensity to savein year t

g'= per capita marginal propensity to save

g'= rate of growth of per capita G.D.P.

Li= new loans needed in year t.

Di= Deficit of balance of payments in year t

Q= Cumulative debt at end of year %

n = target year for which the cumulative debt, or its ratio to G.D.P.
reaches a certain (extreme) level.

TI) M.M.El-Imam: The Contribution of Foreign Loans to Economic Development.
April, 1968 - T.U. 3L, of specialized course on Financing of Development,
organized jointly by I.N.P. and I.D.E.P., Cairo, 1968

(2) G.M. Alter: "The Servicing of Foreign Capital Inflow by Under developed
Countries". in, H.S. Ellisand H.C.Wallich (eds): Economic Development
for Latin America; Macmillan, N.Y. 1961.

(3) D. Avramovic, et al: Economic Growth and External Debt; I.B.R.D., Johns

Hopkins, Baltimore, 196l.
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Variables measured on a per capita basis will be denoted by the same
gymbols primed; e.g., Y', S', I'.

II. Alter's Model:

Alter prefers to work with per capita rather than aggregate variables.
With constant rates of population growth, and of income growth, this implies
a constant overall rate of growth of G.D.P.:

(L g) 2i(1 +igt) (1 i+ p) : (1)

However, this would generally lead to a variable overall marginal propensity
to save, even though the per capita m.p.s. is assumed constant:

Ghass gl i e (e, 10 o) (2)

- This means that if the m.p.s. is greater than the a.p.s. in the base year,
“the overall m.p.s. will be smaller than the per capita.

Starting from the definitions:

Syl g1 VAR
af el gli= b £-1 (3)
YEsE Ryt 1
t t-1 ¥ t-1
we obtainthe difference equation:
-1
Sl =ugl i gt 71 + o! ;
PRl ol gtilt (Lael) (L)
The solution of this equation is:(h)
1 = g1 i Iy! R
Bl Rinl a‘Yo[(1+g) 1] (5)

Multiplying throughout by Pt = By (1 + p)t, and denoting, as before, the
a.p.s. in the base year by s, we obtain the formula for overall savings

5, = [c"(l e (s—.d').(1+p)t’] v (6)

(L) See Appendix A, equation (A/3l)
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On the other hand, overall investment required to realize income growth
at the given rate can be determined by means of the capital coefficient:

I8 =y ano (1 o) (7)
Then the deficit of the current account of the balance of payments will
bes

i it G o (e ebel il )

e e GGG 2] Y

If this quantity is positive, the country will be in no position to repay
anything of the out-standing debt. Tn fact it has to borrow that amount
together with interest charges on the out-standing debt. If according to
the conditions of previous loans, a part of the principal is to be repaid,
an equivalent amount should be borrowed.

Thus, the net flow of new loans in year t would be

e coi Dy (9)

The cumulative debt outstanding at the end of year t will therefore be,

Qt = Qp.q * Ly

Qp = (1+r) Q5 * Dy (10)
The solution of this difference equation for the case g # r'is:(S}

t+1 £+1 trl T+l
Q, = [(7e-gh {2 g _-r<1+r> } (s -qr>{<1+p> : - ) ﬂf‘i;

or

Ifg=1r, we haves(é)

b+l t+l
o = [(ye- Qe - (-0 { ) = (e) 1 a2
If p = r, a similar formula can be derived,p i
t+l t+1
Q = [(yg-cr')i(l'fg) = 1(~1+r) } (s-o')(t+1)(l+g)’°] Ty 1 (19)

(5) Appendix A, equation (A/LO)
(6) Appendix A, equation (A/L1)
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The formula for cumulative debt can be used to answer the question:
What are the conditions under which the country can ensure the service of
debts, and at the same time go on with the implementation of its long
term development activities?

If such conditions can be easily: satisfied,there will be no problem
in servicing the debt. On the contrary, the problem will be to absorb
more loans, in the sense of finding more investment possibilities to be
financed by means of these loans. On the other hand, if it is difficult
to realize such conditions, it will be difficult, or even dangerous, to
get envolved in any debt, however small.

Suppose that the values of the parameters, p,s,r,g and 7Y are given.
Then knowing a!we can calculate Q for any future date n considered by
the planners. This will be a direct application of (11); but it does
not help in formulating a decision. Therefore, Alter suggests that a
certain restriction on the value of Q, then solve (11) to obtain the
value of g !necessary to realize that restriction.

IIT. Alternative Constraints on Debts:

The need for putting constraints on debt arises from the possibility
that debt might grow on indefinitely, which is a situation impossible to
sustain. “Starting from a given base year deficit, debt will be growing
so long as new deficits are either positive, or negative but smaller than
what is necessary to provide for interest charges. At the beginning debt
will be growing faster than income. Then there will be two possibilities.
either it will remain to do so, or starts to grow at decreasing rates. We
execlude the first alternative.

For the second, there must be a point at which the rate of growth of
debt will fall down to that of income. In fact, if the rate of growth of
debt at a point t is qtg then it will be found that the condition that the
ratio of debt to income is a maximum will be:

G -
a-b (ir;) i 'Y%-‘:Yt‘qt"Qt _Q-t.‘g=Ya =0

which means that:

q, = g (1h)
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If the rate of growth of debt diminishes after that, there will be
a point at which that rate is equal to zero. This is,in fact the condition
that debt will reach a certain maximum at this point.
q = 0, or, Ly =0 (15)
After this point the outstanding debt will start to decrease. There
will arrive another point at which it will completely vanish:

Q =0 (16)

Afterwards the country has to worry no more about debts: It will become
a net creditor rather than net debtor.

Thus, for a given point of time, n, we can find the value of
necessary to achieve any cf theabove three turning points. Let us there-
fore rewrite (11) as follows:

0y = (o B - By 4y @F) 5 @) | v, (17)
p-r  g-r g-r

where,

P = (L+p)™*2, Ro= (1+r)0*, a = (1+g)"" (18)

The critical values of ¢! can be obtained as follows:
1. The most restrictive condition is (16). Substituting (17) and solving

for o! we obtain:

=] o By ye GB)/[ER - & (19)
20 A less restrictive condition is to assume-that debt will reach absolute

maximum ih year n. we use (15), which means that:

Ln+l:rQn+Dn+1:O

Hence,

[ro' G- 80 v r e @) rs EE R)]
+[G'(P-—G) +yg G- sP]

1
o

This can be rearranged as follows:

cr'(EEZEE LalBNIrRY it Ve (8G-TR) _ g (pP—rR) o
p-r g-r g-r p-r:
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Which can be solved to give:

ol - [S(PP-I‘R ;/ %’G*I'R] pP-mR - _ gG-rR] 20
=) -ye G/ | B - (20)
3. Finally, the mildest condition is to allow debt to reach a maximum rate

of increase in year n, hence grow at the same rate as income, as in(1h)
This means that:

Que1 < (1+g) Qp+1

01",
C(1+r) Q + Dy

(1+g) Q,
In other words:

(r:..’g) Qn + Dn+1 :‘0
Substituting as before, we obtains

a’= [s f(o-g) P + (g-r) R’}—’Yg(p-r)R]/ (p-g)(P-R)  (21)
Commeriting ohn these' formulae, Alter states that(7) I

"It is perhaps obvious that all other things being equal the target rate

of increase of per capita income, compared with the rate that can be

achieved in the absence of foreign capital inflow, may be put at a

higher level and a larger volume of foreign capital inflow is permitted

when: AR

1. the marginal savings ratio is higher;

2. the incremental capital-output ratio is lower,

3. the rate of population increase is lower,

. the required rate of return on foreign capital inflow is lower,

5, the degree of independence of foreign capital that must be achieved
within a given time period is lower;

6. the time period in which a given degree of independence must be
achieved is longer". '

No formal proof was given to verify the validity of these conclusions which
were merely described as "obvious". What the above formulae indicate are
certain critical values: of g-!, which could be compared with actual values
in order to determine the possibility of achieving a certain degree of inde-
pendence of foreign loans within a given period. However, some numerical
examples can be calculdted to illustrate the results, and the following is
one given by Alter.

(7). opi.Cityy p. 1k9



Example (1): Suppose that,

rate of growth of population, p = 0.025
rate of return on foreign capital, r = 0.0L5
initial average savings ratio, s = 0.085

capital/output ratio, 7 = 3.5

target year, n = 2.
It is required to investigate the marginal savings ratio ¢ for three alter-
native targets of “the rate of growth g' of per cepita income, under
the condition that external debt should reachra maximum in 2l years, (for-

mula 20). Having done that, we can substitute in (17) to obtain Qn, then
relate it to Y, or to aggregate investment. The results are summarized as
follows:
Per capita Required marginal Capital Inflow as Ratio of
Rate of Growth Savings Ratio Tnitial National | Aggregate Net
gl o' Income Investment
0.005 0.23 0.23 0.07
0.01 0.28 0.61 0.1
0.02 0.31 1.h2 0.22

Thus an increase in the marginal savings ratio from 0.23 to 0.31 (i.e., by
about one-third), enables an increase in the rate of growth four times,
and capital inflow could be increased over six times, while it remained
possible to service it so that it reaches a maximum in 2L years. The rest
of Alter's argument relates mainly to the risks befalling the creditor,
which is natural for an expert on the supplying side.

IV. Implications of Alter's Model:

For any positive rate of growth of per capita income, we have g‘> p-
Further, it is clear from (8), that for Do to be positive, we should have,
Yg > s. This means that - sP >>~ %Y gP, where P is defined according to
(18). Thus, if D is to become negative at some point of time, n+l say, we

should have:

0 > Dy > (ye-cl)(a-P)

Which means that @'>7/g.

%

S gt

<lq

It follows that:

(22)
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: Consider now equation (19) which is given in the same order suggested
by Alter (Formula I, p. 159). First we notice thats

G-R PR _ ... wp L LB
el = (1+r)" éot%%) [:(lg)l 1}>0 (23)

Hence we multiply both numerator and denominator of (19) by - 1, to ensure
that the latter is positive. This means that (19) can be rewritten as
followss
I P-R [G-R P~R]
T'e + ( o h - £ 2l
7e+ (e - 8) G| - B2 | (2L)

%he)factor multiplying (9 g-s) is positive, which ensures that g/ satisfies
22).

Similar remarks can be'made with fespect‘to (20). It is evident that:

gG - R =g (g%%) + R = [_p+g'(l+p):'(g__%') + R

g - r -
Further,
PP-rR . | ¢ P-R - ER
S A PGl n R mip (Ge) A R
Hence

gé-rR _ pP-rR _ | G-R _ P~R:] 1 (14p ). (&R
FoF sl ol s 8 BF. +g' (L+p) (g_r)

Again we have to multiply both numerator and denominator of (20) by (-1), to
ensure that the latter is positive. Thus we can rewrite (20) as follows:

o' =g + (o) B/ (R - BRI (25)

Finally, equation (21) can be rewritten as:
o' =g + (o g-5) (eI - (e-p)P )/ (g-p) (P-R) (26)
Alternatively it can be rewritten ass ‘

a'=Y%+ (7yes)|r - (gp) <§§)] /(g-p) (§{§) (27)
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Comparing these forms, we find that they take the general formula:
! : T
T =a+ (Yes) X (31,2,3) (28)

Given that #g > s, it follows that GJ:>7rg if X is positive. The factors
X are;

P-R )
Xinq = p-r )
GiR T EE )
g-r p-T g
pP-rR )
X2n = pEr ) leday
G-TrR — pP-rR ) (293
g-r p-r ;
X3 = R el )
1 (g"p) » (P"R) )
p-r )
)
It is obvious that both
i A R g (30)

Since X, is the difference between two positive quantities, its sign has to
‘| be furtg%r investigated . On the other hand two properties can be expected
a prioris

1) The factor X is smaller for the milder conditions, which means that, for
any n > 0z
G e (31)

2) The factor X is smaller for larger values of n; i.e., it is a decreasing
function of ne

G >t (3 = 1,2,3) (32)

To prove these properties we introduce the following abbreviated notation:

_ P-R G-R
e ) b5 =
p-r g-r
A= Psp) = R(ler) g = G(1+g) & R(1+r)
D=y g-r
CEsm A nttig e EEHPR 3 d = B-b = EE:EB {
P ger



Js.c=ra + P, ‘ ‘ d'z rb + G

; (33)
P(1+p)p - R(L+r)r G(1+g)g - R(1+r)r )
C = 7 D= )
) ety g ~-r )
= (1+r)d + g@ ;

o C = {1+r)c + pP, D

It follows that:

A a s (o]
X:tn B in“ d-c

For the first inequality in (31) to hold, we should have

(ad-ac) - (ca-cb) = a(B-b) - b(A-a) = aB - Ab > 0
Buts B
aB - Ab = \-_(lﬂ')b + G] [}*r) a + P:l 5
= 8G - bP
= (14g)"" 23 (1) (1fp) -(1+p>“ i Ei (1+r)t (1eg)™
(J,+g)“(1+p)*‘”1 (l*g)i (‘*I' i:g ]

1]

(1+g)? (14p)"*t Eil(l*”> [}1+ -)i*l‘- i]

For a&l.i.}ith the last expression between square brackets is positive
It follows thats .

aB > Ab (3k)

which ensures the first inequality in (31). In other words, the most stringent
condition (1) requires a higher m.p.s. than the milder condition (2).

Further, if we subtract from both sides of (3h) the quantity aA, we find

thats
a A
b~a :> B - A
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This means that properety (2), stated by (32) in satisfied for X,,, determining
the m.p.s. for condition (1). To prove that this applies for condition (273
so that:

Y190
d ? c ;>’6~~ C

we have to prove the validity of a formula similar to (34), namelys

D > 0d (35)

c [ﬁ1+r)d + ng] - E}+r)c + pétl d

(ra + P) gG - pP(rb +G)

Now,

¢D - Cd

1

i+

~rg (aG - bP) + (g-p) P (rb + G)

1

rg (aB - Ab) + (g - p) Pd

A1l factors in both terms are psotive; hence, (35) is satisfied. Hence
property (2) applies, and (32) is satisfied for condition 2Ny

"To show that the second of inequalities (31) is true we evaluate X,y -
X3y, For this purpose we rewtite them as follows:

Xop =R +t pa ., Xqn = B - ggﬂp) a
zh - pa g-p) &
The sign of the difference depends on the sign of its numerator:
(g-p) & (R+pa) - (go-pa) [SR - (g-p) %]-
(g-p) @ (pa + gb - pa) + R (ga - pa + pa - gb)
g I:Sg-b) ab + R(a-bi] =g [;a (gb+R) - b (p&+Ri]

g (ad - be) = g laB - Ab)

1i

i

I

This means that in ;> X3h‘

Finally, for t = n + 1, we have:



