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i 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 aspects. 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 péint 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 growbth 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 thsn 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 growth 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 plawsible 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.
AMlter'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

o'z per capita marginal propensity to save

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

L= new loans needed in year t.

D= Deficit of balance of payments in year t

Q4= Cumulative debt at end of year it

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

TI) M.M.BEl-Imam: The Contribution of Foreign Loans to Economic Development.
April, 1968 - T.U. 3L, of speclalized course on TFinancing 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
symbols 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)=(1+g)@+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:

(T_b = G‘ + -g-p ( St_l i U-‘) (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 smeller than the per caplta.

Starting from the definitions:

ST S YAl
A gli= b t-1 (3)
N AT Y
t t-1 t-1
we obtainthe difference equation:
t-1
Stage=ngy + ot Yt 4+ o! ‘
5 Lt (1L+g) (L)
The solution of this equation is:(h)
g1 = g1 4 gly! . R
; SO+0‘YO[(1+g) 1] (5)

Multiplying throughout by Pe i3 Py (Q+ p)t, and denoting, as before, the
a.p.s. in the base year by s, we obtain the formula for overall savings

Lo ; :
S_bZ[_G"(1+g)+(S—0’)(1+p)t’]Y0 6)

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

o G ) (7)
Then the deficit of the current account of the balance of payments will
be:

Dy = Iy~ 8 = [ ya+ B - (s o1+ pt]Y, (8

e Goe ci sl (G Ul

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 vorrow 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

T ees i)

t D (9)

Q +
t-1 t
The cumulative debt outstanding at the end of year t will therefore be,

Q, = Qpug * Iy

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

t+1 t+1 t+l b+l

or

If g=1r, we have=(6)

t+l T+l
Q4 :[(7g— o) (++1) (1+g)® - (s-cr'){ (A+p) - (1+g) TJ Yo (d2)
If p = r, a similar formula can be derived,p i
t+l t+1
Qi [(ngr')i(l*g) o } (s—o')(t+1)(1+g)’°] 2o Gl

(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,8,r,g and 7Y are given.
Then knowing o!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 @ !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.
elther it will remain to do so, or starts to grow at decreasing rates. We
execlude the first altermative. :

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 q4, then it will be found that the condition that the
ratio of debt to income is a maximum will be:

i s
-a-—b (ir-_l;) i “’Y'?:"]:Yt'qt‘qt i Qt‘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 = 05 ory 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 O
necessary to achieve any ¢f’ the-above three turning points. Let us there-
fore rewrite (11) as follows:

Qs [o_r(m LGBy Loy (GeRy o (B R)] (17)
1 p-r g-r g-r

where,

p = (Lep)PL, Ris (Lep)tL, A (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= s &) re GR)/[ER) - & (19)

2. A less restrictive condition is to assume“that debt will reach absolute
maximum ih year n. we use (15), which means that:

a1 = 8y & Dy 2.0
Hence,
1¢P-R  G-R G-R P- R.]
g +
[ro' R -8R) « r ye @) v ED)
+[G"(P-G) toygl - sP]
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:

i
o
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Wwhich can be solved to give.

Np [S(pP iy ] [(pP R gO- rﬂ)] (20)

3. Finally, the mildest condltlon is to alloW‘debt to reach a maximum rate
of increase in year n, hence grow at the same rate as income, as in(1l)
This means that:

Qus1 = (1+8) Qpag

or, s
In other words:
(r=g) Q + Dpyq =20

Substltuting as before, we obtains

o' = [s fo-0) P + () RY-7ee- =817 -8 (21)

Comnefiting oh these Tormilae, Alter states that(7)

"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:

. the marginal savings ratio is higher;

. the incremental capital-output ratio is lower,

. ‘the rate of population increase is lower,

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

the degree of independence of foreign capital that must be achieved

within a given time period is lower;

. the time period in which a given degree of independence must be
achieved is 1onger"

o VViFEw e

No formal proof was givem 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
rate of return on foreign capital,
initial average savings ratio, s =
capital/output ratio, ) = 3.5
target year, n = 2

1

.0L5

U1 o W

0.02
Tr =
0.08
It is required to investigate the marginal savings ratio @' for three alter-

native targets of “the  raté of growth g' of per capita income, under
the condition that external debt should reachca 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 Initial National | Aggregate Net
g @l Income Investment
0.005 0.23 0.23 0.07
0.01 0.28 0.61 0.1
0.02 0.31 112 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.

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

Further, it is clear from (8), that for Do to be positive, we should have,
> - Y gP, where P is defined according to
Thus, if D is to become negative at some point of time, n+l say, we

Yeg > s.
(18).
should have:

This means that - sP

0 > Dhs1 > (yg-0')(a-P)

Which means that @'>7/g.

%

S gt

<lq

It follows that:

(22)

The rest



- 9 -

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

G-R PR _ (. +pyE e
SR EE gyt 2 ARy [t - 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
1 P-R [G~R P~R]
o!= + i ik 2
ve+ (ve - 8) G/ - i | (21)
%he)factor multiplying () g-s) is positive, which ensures that ¢! satisfies
22)5

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

L,__G = IR . g (g;%) + R = [_p-&-g!(l-{-p)j’(%;.%) + R

g=r
Further,
P-rR _ P-R AR DR,
sl PSR R e (e) b R
Hence
EQ-I'R o pPerRy 9:_13., L P“R] 1 45 s G-R
e el P P '5:? "" g' (1+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 rewrlte (20) as follows:

o' =Yg + (Y e-o) B/ (R - EE) (25)

Finally, equation (21) can be rewritten as:

o' =g + (o g-s) (eI - (e-p)P)/ (g-p) (P-R) (26)
Alternatively it can be rewritten ass

o'+ (Ye-8)|R - (ep) cgi:.%)] /(&p) D) (27)
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Comparing these forms, we find that they take the general formulas
fii L e
T =g+ (Yed) Xy (351,2,3) (28)

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

P-R )
Xy = p-1 )
G-R P-R )
g-r IR )
)
pP-rR )
Lop = prr ) e
gG-rR  _  pP-rR ) (29
g-r p-r g
G R L )
i (e-p) . (BE, )
p-r )
)
It is obvious that both
Xln7 0 and X s S el (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
A (31)

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

Lo > X (5 = 1,2,3) (32)

To prove these properties we introduce the following abbreviated notation:

S EoR G-R

8iEi=—y b = ——
p-r g-r
A= Psp) = R(ler) g = G(1+g) & R(1+r)
D=y g-r

k! pP-rR gG~-rR

it Pt - P o = R.h = B
c G i diz Bebis e {



rb + G

l.c = re+ P, it i dre g (33)
P(1+p)p - R(1+r)r G(1+g)g - R(1+r)r )
C = 3 D = )
; P e |
»% C = (1+r)c + pP, D= (1+r)d + gt ;
It follows thats
4l a e c
Xln RS 4 X2n 5 d-c

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

(ad-ac) - (ca-cb) = a(B-b) - b(A-&) = aB - Ab > 0
Buts ‘
aB - Ab = [(1+r)b + G] D_*r) a + P:|
= a - bP
= (1+g)" 2 (1+r)t (:wp) <:L+p)n e Z (1+r) (1)t
(1+g)n(1+p>ﬂ*1 (%;%)2 ("*1"’ i:g ]

H

(1+g)" (1+p)n+l -é‘:.(l-’l-r) [(1+g )i+1‘ & ]]

For aﬂl.i.gath the last expression between square brackets is positive
It follows thats .

aB > Ab (3L)

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 (3l4) 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 (2},
so that:

¢ 3 )30
d -c ;> D~ C

We have to prove the validity of a formula similar to (34), namely:

cD > od : (35)

c [ﬁ1+r)d + th] - E}+r)c + pft} d

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

Now,

¢D - Cd

i

i+

=rg (aG - bP) + (8~P).P (rb + G)

1}

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

A11 factors in both terms are psotive; hence, (35) is satisfied. Hence
property (2) applies, and (32) is satisfied for condition (2).

"To show that the second of inequalities (31) is true we evaluate X, -
X3n. For this purpose we rewtite them as follows:

Xpp =R tpa_ ¥on = Bo(ep) s
gh - pa g-p) &
The sign of the difference depends on the sign of its numerator:
(g-p) & (R+pa) - (gdo-pa) {ER - (g-p) %]
(g-p) a (pa + gb - pa) + R (ga - pa + pa - gb)
g [(eb) ab + R(ad)] =g [a (ebR) - b (pa+n))|

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

1

n

This means that X2n ;> X3h'

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



W

= (1+T)R i (g“p)A‘: AV .;J ”(1*f5R i e
*3,m01 ep) £ " (ep ) a T p ;
Z R i L
(gl=npia i BE
1+r gyl

It follows that (32) applies for case (3), ise.yiteds trie foriall 5.8 1,2,3
The two properties are actually holding as expected.

However, as indicated before formula (30) need not apply in case (3).
In fact if r > g hence r > p. andR>P we haves

X, ={r-pR - (g-p)(R-P) = (r-g) R + (g-p)P
I o) (RaP) (grpl (RaP)

which is positive. But as soon as v falls beléw g (whether above or below p),
the sign of X3n is indeterminate. For n =0, we have:

= (1+p), : E;Ri: p-r
hence,

= (p-r)(1+p) + (r-g)( r). P'+ +(1+g)
%30 (g-p)(p-r) _p : b g =D . ;70

On the other hand, as n approaches infinity X3 becomes negative. Since Xgn
is a monotonically decreasing function of n, there is a value n* of n suc
that:

r:‘-"

k.3
ot e ,fO_?,‘ e 7.1
Tn order thats N e s Sl T
= (BX it s R
( ) (—~§) Ty 5§.,0 o
we should have:
p-r o PR N EL L E
g-p < % : g-p < R
This means thats e ;
¥ = log (g-r) - log (g-p) -1 S R e (36)

 log (1+p) - log (1+r)
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Example (2): Suppose: p = 0.03, g = 0,07. If r.= 0.015, i.e., smaller
Than both, formula (36) gives n¥ = 20.6. Thus if n = 25, X3, =-0.1925,
while for n = 30, X3, = -0.349. Assuming that s = 0.15 and /= 3.5, then
aigia 0 20Ey Subs%ituting in (26), the value of O ' is found to be 0.227
and 0,212 respectively. If r = 0.0L4 (i.e., lying between p and g), then
n* = 28,7, Forn =30, Xqy = - 0.03l, which means that @ /= 0.2)2.

To conclude; the three conditions suggested by Alter for maintaining
a predetermined rate of growth while still generating enough resources to
serve the debt, are found to satisfy the two properties defined by (31)
and (32). The first two conditions satisfy also property (30). which en-
sures that (28) gives a value of o ! greater than Qfé, thus satisfying
(22). This is not necessarily the case with the mildest condition (3).
We have, therefore, to examine more closely the conditions given by Alter.

V. The Tnadequacy of Alter's Conditions:

%g)commenting on the three conditions discussed above, Alter believes
thats

"To put it more exactly a country which is capable of repaying debt
completely in twenty-five years will have reached a maximum volume of ex-
ternal indebtedness somewhat earlier and will have reduced the rate of net
capital inflow even earlier. In other words, one can state a more liberal
repayment requirement either in terms of complete independence to be achieved
over a long time period or a less degree of independence to be achieved over
a shorter time period."

The implications would, therefore, be that if a less degree of independence
is accepted (as a shorter-term target), the full degree of independence will
automatically follow:

If we accept this argument we might get some value cT’ for a value n < nx
given by (36) which ensures the weakest degree of indevrendence without call-
ing forth complete independence. The statement should be qualified by an ex-
plicit discussion of the necessary and sufficient conditions. We shall try
to do that for the three degrees considered.

1) The first condition ensures full independence from debt. Hence we need
not worry about it any further.

2)  The second condition is satisfied with a maximal point on the curve. The
first-order condition is stated, but we have to discuss the validity of
the second-order condition to make sure that we have hit the maximum.
Even if the latter is true the curve might completely fall above the
horizontal axis, and no complete independence is acheived. We have to

(8) Alter; opucit., p. 150
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make sure that the soiution of “the first order condition for O"is both
necessary and sufficient for obtaiming & maximim and for réalizing full
independence some time later.

Now the necessary (fifst:order) condition was stated to be:

n+l ~ Qp = Inyy = Qn + Dn+1 z.0

This means thats

Dyyq 72 190 <0 ' ' - (37)

Q

which was found to lead to condition (22), namely

Goye < D (38)

The second-order condition requires thaﬂé
Do Doy <o
Buts |
Difni=Dney & il oy i(2ep)ii ( Tg '"'-'-U"‘) |
Since g >p, 1t is clear from (37) and . (38) that the secorid-order conditio:

is satisfied, once the first-order condition holds.

However, even though the pozﬁiachieved is that of a maximum, it does not
necessarily follow that debt will vanlsh at some later date. To investigate
this question, let us lntroduce the iollOW1ng notation for values at a point

t > ne

G! = (1+g)t = G(l+g)t—n>(} . s g
Pr= (p)? = P(Lap)® > P % o
x1p =) / (= - ) g

. p-r
By (11) we haves ‘
(o!-8) BB - (o' ¥e) G

P'"R')\'_yg s) - (- ) -L-]

Qy,

i

i
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If this is to be non-positive we should have:

0 (Ve -8) Xy (T~ ) (10)

It is necessary for the realization of these inequalities that (30) and (38)
should hold. We still need, however, a sufficient condition. It is clear
from (LO) that:

U"}'Yg + (g - s) Xy
Comparing this with (28) it foldows that we should have:

Xon 2 Xp4 (1)

To show that this is true we evaluate the limit of X,, when t tends to in-
finty. It can be easily shown that if r=<:g, this 1limit is zero, which means
that (L0) can be satisfied for large enough values of t. But if g<< r, the

limit is Eg“:_%., Substituting this value we get:

] e o) g-p i EI’R-gG)/(I‘R—pP) i 1]
Xjeo | dop . - R e

e g0 Y r-p (rRﬁpP) rR-gGi]
rR ~ pP r-g - r-p

E:E) gG-pP 0

( (Rpp)>

In this case also the debt will vanish at some large enpugh value of t. Hence
Alter's condition, expressed by (25) is both a necessary and sufficient condi-
tion for reaching a maximum point and at the same time ensuring the possibility
of completely paying off the debt at some later date.

3]

3) The .third condition (of & maximum growth rate of the debt ratio) has been
. already shown to allow cases of an ever increasing debt. First we notice
that equation (21) can be rearranged as follows:

('-s5) (g-p) ( ) = (7yg-s)R (k2)
This means that:

SRRy - S ) then, 0"'>s (L3)
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To ensure that g is a maximum rate of growth of Q/Y, we have to make sure
‘th&t : “ \ R :

UYio < (L) Qn+1

or,

er) @y > Dy (L)

Now, : ’

(e-r) Qq =D, = (g~r5)('rg—s‘) (55%9’

(g-r)( o'~ yrg) (G=x _ P-R, gG-rR pP-rR,
g_r p_r g__r . p—r

( ¥'g-3)(P+pP) + (o'~ 7yg)(G-PrgbipP)
(ye-a)wm) [@n) G Bry - 1]
(o'=9%) (1+r) (g-p) (E;EE% + .11-:1" )
(1+r) (o' -s)(g-p) (P-R s D Y vg-s) R

p-r l+r
Using (42) and (L3), we find that:

1

+

(g=r) Qn+y - Dyyp = (' -8)(g-p) P >0
which means that the necessary condition is also sufficient.

Finally to investigate the possibility of debt repayment, we should
have, as in (41)

X3 > X4 | . (L5)

&ri< i, the 11wt X7 60 is zero, which means that X3, should be positive.
As shown before, this need not be true for values of n > n* , defined by (36).
Debt  will be increasing indefinitely . On the other hand, if r > g, the
limit of X34 is r-g  Hences
g-p
AL - MEZRL__ = (l +_ Eg.:%)
SN TE100 (g-p) (R-P) i

= (I~ R loays rnd
G (gp- -1) (E_-g)r =0
In this case the condition for future repayment of debt is satisfied.

X
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To conclude, conditions (1) and (2) ensure complete repayment of
debt. In both cases o/ exceeds g by a fraction sufficient enough
for that purpose. This is not the case with condition (3) if the rate
of interest falls below the rate of growth, and n is relatively large.

VI. The Shahid Husain Model:

A more recent formulation of Alter's model was. prepared by S. Shahid
Tusain: in the monograph produced lately by the I.B.R.D. group. The model
remains essentially the same, apart from the use of overall rather than per
capita parameters. Thus the m.p.s. which is assumed to remain constant is
the overall propensity: This is more acceptable in cases where institutional,
rather than personal, savings dominate the scene. Incidentally, this helps
to simplify the formulae. In fact, the present case can be considered as
a special case of Alter's model with p = 0 hence P = 1.

Given that the overall marginal propensity to save g is constant, we
can define it in the same manner as o 'in (3). The saving function is
similar to (4) and (5)

S, = Sy + O g(e) T T,

whose solution is:
t

St = S0 + 0'[(1+g) - l—] Y, (L6)

The investment equation remairs as in (7)
t

I, = ye(l+we)” Y,
Hence the deficit of the current account is:

Dy = It - 8¢ = I:(‘Yg o)1+ )b+ (O - S):l i (L7)

which is similar to (8). Using (9) and (10)the formula replacing (11) would
be:

(9) D. Avramovic, et al; op. cit; Mathematical Appendix, pp. 188-192.
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i 41 14 +1 3 +
oy = [i7s -0 { 0 - 4], o w2l e
‘ g

g - r
If g = r, equation (12) becomess(lo)

t+l
g% E'fg LT 1 Hg)E s (o) e 1}]% (L9)
£
The emphasis in this study was put on the determination of the critical
rate of interest which would help to smsure an equipropertionate growth in
both debt and income. This is Alter's mildest condition which had been shown
before to be rather deficient. To derdve the necessary formuls, we use the
conditions

Opey = (L + ) Qp

or
(r'-"g)Qn+Dn+1:O

Inuother wordss

-0 [(ye - Bl () B2

+ (e -g) e+ (T~ 8)
:(yg-o)r+ (- )[R~ B ®-1)=0
Solving for ry, we find thats

, (T = 8 R -1
r = : 50
(,rg_s)g( _— (50)
Since the R.H.S. involves r, we can be satisfied with an approximation which
holds true for infinitely large valu=s of n, namely

Bel z21. &x1 apps
R R

Hence, the upper bound on r iss

(10) The formuls given by Husain,(Ibid., p. 190). seems to be derived from
Alter's formula which was based on erather than YO. Hence n has to
be replaced by (n + 1).
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p= m) g (51)

Comparing this bound with what we have already obtained in Part I of the
present memo.,

it S I (52)
’Y
we notice that both rates belong to a more general formulas
27 O ‘ .
r= (m) g (53)

where ¢ is some non-negative constant. In the case of (51), ¢ = s; while
is (52), ¢ = 0.. It follows thats

A e )
_%;_ (e (54)

If ¢ <O, this expression will be megative, Since 1t is usually assumed
‘that 8 <, it can be seen that the higher the rate of growth g, the lower
will be criticel rate. In our case, where ¢ = O, the rate of change ie equal
to. zero.

Further, comparing (51) and (52) we notice thats

oomay 8T -0 (55)
= - a(Yz-8)

Now, if there will be any need fof debt at all we should have 9g >s. On

the other hand, if the deficit is to vanish at some future date (which is

& necessary concltion for the possibility of ending the debt cycle), we

should havedMyEg. We thus obtain a condition similar to (22) or (38),

expressed interms of O rather than g/

s LML T ‘ (56)
This means that the R.H.S. of (55) is greater than unity, ors
%>zx (57)

It should be remembered, howsver, that this is an asymptotic relationship,
which might be violated at lower values of n; But, since the I.B.R.D. group
had been satisfied with (51) rather than (50), one would expect policy re-
commendations which can lead to an ever incredsing debt, dnd at the same time
leading to a capital smaller than that which could have been achieved in the
&bsence of the loan.
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It can be also expected that the present model suffers from the
same defect noticed before with respect to Alter's case (3). Solving (51)
for 0 , we obtain the critical (minimal) values °

=38+ % (Ye - s) (58)
Subtracting?@ from both sides we can rewrite this as follows:
T et (et a) (m) ALY
The second condition of (56) holds only ifs
P> (60)

exactly as in Alter's model. In the opposite case, the debt can grow on
indefinitely and the concept of the debt cycle vanishes. If we prefer to

%se)the exact formula (50) instead of (51), we would obtain in place of
59):

o= e+ (e - 9)|(5 ) - 1] (61)
which means that we should haves
R ' 62
g oas (62)
?his defines the upper bound of g once r and n are given.

The factor multiplying (Yg - &) in (61) is the value of X3y, for the special
gase p = 0., Condition (62% can be solved for n as before, ?Urgiven values
of g > r. The formula corresponding to (36) would bes

x . logg-log(g~-1) .
% log (1 + p) - (63).

This illustrates the contradiction of the I.B.R.D. model. The critical rate
(51) gives a value of r greater than g, which satisfies (60). But it calls
for accepting values of r <:?-, consequently values of r £ g. But in such
ceses any value of n > n™ defined by (63) would lead to an ever increasing
debt. Since (51) was actually deiivéd on’the basis of an infinite value of n,
we might be easily led to fix the values of the parameters (e.g., O°) in swh
& way that debt grows indefinitely. The whole concept of closing the debt
cycle will fall down.
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VII. The Debt Cycle:

Let us investigate more closely the concept of debt cycle as envisaged
by Avramovic and Hayes. The whole concept concentrates on the idea that
there should be & future (probably finite) point of time at which debt would
be completely repaid while a given rate of growth is maintained throughout.
This means that the debt curve takes a parabolic form, with a point of in-
flexion and alggint of absolute maximum. This behaviour has been summarized
by Avramovic( in a thre-stages process, the so-called "The growth-cum-
debt" process:

1) During the first stage there exists a deficit in the balance of current
account due to excess of investment over savings. Hence loans are re-
quired to finénce the investments necessary to maintain the growth
rate., Foreign indebtedness increases more rapidly than these needs
owing to interest charges on prior debt. But it is assumed that the

' imvestment - savings gap narrows gradually.

2) When the latter gap closes a second stage begins. Debt is not required
to finance.investment while the surpluses generated help to cover a
part though not all of interest obligations. Hence the debt still grows
‘to meet the remaining interest obligations, and its rate of growth will
go down.

3) The second stage ends when the surplus is just enough to cover interest
charges. From thet point onwards a third stage begins during which the
increasing surplus covers, besides interest charges, & part of the prin-
cipal itself, Debt falls gradually until it completely vanishes, and
the cycle is closed.

If the country camnot escape stage one, it will be inadvisable to attempt
maintaining the given growth rate through foreign finance. The investnents
required to maintain that rate will always exceed savings, and the deficit
increases indefinitely. For this reason Hayes calls for considering cases
where the initial savings rate(s) is lower than the required investment rate
(v g), but the marginal savings rate( 0 ) is higher than the required invest-

Ti1) Avramovic, op. cits pp. 53-55

(12) Ibid., pp. 168 - 171
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ment rate. This means that the country should pass through at least three of
the following phases

1) As long as def101t exists, debt grows at & rate faster than the rate of
interest.

2) When deficit disappears debt grows at a rate equal to the rate of interests
If this latter is greater than g, debt will still grow faster than income.

3) The same will still occur even when some surplus exists, if such a surplus
"~ covers a part of interest charges, leaving & remainder greater in its ratio
to debt than the growth rate itself.

L) Then follows a point at which the rate of growth of debt w111 be Jjust equal
the rate of growth of incomes.

5) Debt continues to grow but at a rate lower than that of income. Hence the
ratio of debt to income grows mmaller.

6) The surplus exceeds interesh obiigations, and debt starts ® decrease both
alsolutely and relatively.

Hayes® phases (2)-(5) are, in fact, phases of Avramovic's second stage. The
least that the country would aim at is stage (L). Formula (51) was obtained on
the assumption that such a stage would be obtained at least during an infinitely
large value of n.

The six-stages process is based on the assumption thet r > g. It can be
easily seen that a similar process can be obtained forthe case r «£ g. The
following table summarizes the six phases and their conditions in both cases:
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Phase Condition on Dy
I Case r > g
)] Qp > (L) 4 >(1+2)Qy 5 D, >0
(2)] (Q+r)ay_q = Q > (1+8)ay 4 Diiid 10
(3)| (Lir)dy_12>:Q, > (L4e)ey 4 - 0> Dy > -(r-g)Q,
(b) | (Q+r)Qyy > Q = (1+g)Qy_q 0> D, = -(r-glQ, ,
(5) | (@+rdo, | > (1+g)Qt_1>Qt>Qt_1 0>-(r-g) Q > Dy
(5) Qt-l = Qt 2 ° 0.2 er-1> Dy
II. | Case r £ g
(1) | Qg > (1+g)ey_; > A+r)Qy 4 Dy > (g-r)Qy 120
(2) | Qg = (1+&)Qgq > (A+r)Q, (g-r)q, | = D >0
(3) | (A+e)Qy_q > Qp > (1+r)Q, (g-1)Q;_1 > Dy O
() | (egly o > Qp = (e, o D, =0
(5) | (#e)Qy 5 >(#r)Q, 2Q>0 4, | -rQ . L D <O
(6) |9, 129 20 Dy <ior Q0

In case (I), Avramovic's first stage corresponds to phase (1), while his
second stage corresponds to phases (2)-(5)-
sufficient to require that the country should fall in the second stage;
it should also.escape phases (2) and (3) belonging to it.

mum requirement that at least phase (li) should be achieved.

Tt is clear that it is not

Hence the mini-
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In case (II), phase (L) becomes phase (2) and falls within stage one.
Therefore, to require that debt grows at & rate equal to the growth rate of
income does not ensure that deficit will vanish. It follows that the country
might achieve phase (2) but never move into phase (L). This explains the
findings of the previous section about the insufficiency of the condition of
equiproportionate growth whenesver g > r.

Even if we assume that r > g , the condition of equiproportionate growth
is not a realistic assumption. Since this condition is assumed to hold exac-
tly at n approaching infinity, we have to replace it by the more workable
assumption that at n = © ; debt should completely vanish. Putting Qe = O,
and solving for 0" as before, we have to evaluate the limiting value of Xin
which was found before to be (E%E)s since p = 0. It follows that

o227+ (7g-8) (l_.é:&)

This can be solved to give the upper bound of r (> g),
r < (_g:.::s_s) g

which is equal to rgiven in (51). In other words if r = 7,debt will vanish
at n = o , which means that it would have achieved a maximum and & growth
rate equal to g at some large, but finite value of n. This being true at
the equality sign, it will remain also true for the inequality, which subsumes
cases of r £ g.
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VIII. The I.B.R.D. Numerical Example:

To illustrate the working of the above model, Avramovic has
suggested & set of values for the parameters envolved which would be
considered representative of conditions prevailing in a large number
of developing countries.(13) These values are:

5
g

0.10 g = 0.20
0.05 r.= 0,06

1= 3.0

Assuming that Yo = 1000 (e.g., million dollars), we can calculate the
main aggregates as:Bhown in Tables (B/1) - (B/2), of appendix (B). The
three stages of Averamovic's debt cycle are:

(1) The first stage covers the years O-lliduring which debt increases
to meet the (decreasing) deficit needed to finance investment as
well as interest charges on previous.debt. This represents phase
(1) in Hayes' process.

(2) The second stage covers the period 15-23. In year 16, the surplus
(9.1) is greater than (r-g) Qt-1 = 0.01 x 779.9 = 7.8. Phase (5)
begins and ends in year 23 when debt reaches the maximum of 962.l.

{3) The third stage (or phase 6) goes on until year 36, during which
the surplus generated helps to pay the remainder of the debt and
leave a net credit of 16.6

The fact that the present case leads to maximum indebtedness in 25 years
has led Avramovic to call it, the "Single generation" variant. To warn
against expecting that such a variant, based on average parameter values,
would apply mechanically to actual situations, Avramovic has drawn atten-
tion to some qualificationss(1l

' (13) Avramovic op. cit., pp. 57-61

(14) Ibid., pp. 61-6l.
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(2)

(3)

(L)
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Reaching a maximum in 25 years, the country need not go on repaying
debts. It can go on borrowing and raising its growth rate.

If there are other debts at the beginning of the base year, the
cycle will become longer.

The. actual cycle will depsnd on the true values of the parameters;
which calls for a study of the statistics of the given country.
Further, the values of the parameters might change through the
development process., For example the capital-output ratio might
go down, thus improving the situation, and attracting more foreign
capital.

No discussion was made of the foreign trade gap. But 1% was men-
tioned that if exports are to grow at 4% only, a lot of import-
saving has to take place. We shall deal with this problem later.

While such qualifications can be easily justified, they need not

e the most important. We can enumerats a number of other conslderations
which have to be carefully studied beforeaccepting the above model as a
model of rational economic decislons. In what follows we refer to numeri-
cal results given in Appendix B.

(1)

(2)

Planners are tempted to consider the finance of investment as

. divorced from the ensuing debt problem. Thus judging a 15-year
‘plan, they would be happy to substitute an average growth rate of

b4 for a lower one of li.1% obtained without recourse to loans.
This raises income in year 15 from 1816.l to 2078.9, by 262.5 or
1},.5%, A tendency to accept that rate might be fortified by the

‘fact that in year 15 mno further loans are required to finance in-

vestmenty in fact a series of surpluses begins. The present model
helps to show that the process of repayment goes on for more than
another 20 years. But it is possible since the critical rate of
interest iss

~

r= 9220 - 0.10_ 4 0,05 = 0,10
0u1-5 ¥ 0»10
which is much higher than the actual rate.

l \ i (]
Further, if income in year 15 is higher by 262.5, this means that
the country was able to obtain an extra capital amounting to 3.0 x
262.5 = 787.5. The last columm of table (B/1), shows that foreign
capital actually obtained for finance of investment 48 )21,1; 'or
nearly 50% only of thet amount. The remainder was generated
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domestically by the increased power of the economy itself. Judging
by these results, the plannet will be quite happy by setting the 5%

target and declaring independence from foreign finence in 15 years,
and at the same time meeting only about 50% of extra capital needs

from abroad. '

(3) such conclusions are in fact mmwarranted. But neither is the Avramovic
conclusion that the year 36 is to be considered as "a bridge between
poverty and self-sustained growth",(15) As can be seen from table (B/3),
the increase in income in year 37 is 136.3 only or 2.3% above the level
achieved with-out loans. In fact, if the country maintains the 5% rate
three years more, itsincome will be lower' by 1%. (But it would possess
some capital abroad which could be used to make good the difference).
The gain in year 37 is a function of our formula based on the critical
rate of interest:

é o0
rfe == m 0:20 - 0,0667

The smallness of the difference (r™ - r) is responsible for the rather

negligible benefit; a fact completely ignored by the I.B.R.D. group.

(4) A more startling fact is the amount of capital outflow, especially in
connection with interest charges, required to pay back the extra
421.1 of capital needed from abroad. In year 1l thedebt outstanding
i8 739.4. which means that a difference of 318.3 was to be borrowed
in order to finance interest charges. Even, after exporting some
surpluses, the debt grows to a maximum of 962.lL in year 23, or more
than double the capital requirements. If we add up the column of
interest charges in table (B/1), its total is formd to be the incre-
dible ?mosnt of 1334.8 or more than three times the actual capital
needs.(16) Even if we try to account for differences in dates by
calculating the present values in the base year of the two series
(discounted at the rate 6%) we find that interest is LLl.5 while
capital needs are 327.0 only. Interest will be 135% of the principal.
This indicates clearly the impact of the compound-interest nature of
the process.

(I5) 1Ibid, p. 61

(16) This can be also obtained as follows. From the last column of Table
(B/1), we find that the _cumulative déficit reaches - 1381.l; in year
36. Subtracting from it the export of 16.6,we obtain 134)}.8.
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(6)
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It follows thatthe country in attempting to procure 121.1 extra
capital, has to pay back 421.1 + 133L.8 = 1755.9, or more than

four times its needs. We thenm face the paradox that a country in
need of capital has to become a very big exporter of capital in

order to be able to borrow safely. If it so does, it will be

sure that its income (hence capital) will exceed what it could

obtain without importing or exporting capital, by2.3%. This aspect
of the I.B.R.D. model is quite serious, but it has not been mentioned
at all. Its neglection iz probably the reason for many of the dif-
ficulties faced by countries embarking on foreign debts then discover-
ing thet they cannot get rid of them, with 1little done on fostering
development., :

The next question is to see how the country would be able to export
that amount of capital. It has bsen assumed by Avramovic that a
reasonable rate of growth of exports would be 4% per armum. Lt
exports are thus determined and 1f the deficit is alrsady given, im-
ports have to satisfy the identitys

M=D+X

Table (B/2) gives the satimates thus obtained, as X and Mj. Con-
sidering this latter, we immadiately observe the need for the import-
saving program suggested by Avramovic and mentioned before, In fact,
the marginel propensity to import over the whole period is as low as:

222,7 - 150.0 S Oy B

6081:.1.1 - 1000.0 5081.11 i 0.011’"
The average propensity to import has to drop sharply from 15% in the
base year to 3.66% in year 37. This can be hardly defended especailly
in view of the increasing imporbtation needs required for accelerated
development.

Let us therefors take another alternative assuming that total
(direct and indirect) needs for consumption and investment are 0.10
and 0.40 respectively. This gives estimates My of imports, from which
exports X2 could be derived as in Table (B/2)- The average propensity
to import would fall slightly to 14.2%, while the marginal remains
constent at 14%. These estimabes ssem mors reasonable, but they would
imply that exports should grow at an average rate of 6.6%, to reach
a level about 11 times 1ts base par level, during 37 years, Another
undesirable feature would be that the rate of growth of exports should
be as high as 9.5% at the beginning of the period, then fall gradually
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to 5.4% One cannot, therefore, divorce the savings - investment ga&p
from the foreign trade gap. 'Not only a high marginal propensity to
save should be aimed at, but the feasibility of transfering such an
increase into export channels has to be considered. 1t might be
found necessary that a gradually increasing marginal propensity to
save should be aimed at. However, this would complicate the model
end elongate the debt cycle.

Leaving aside this transfer aspect, we have to question the actual
benefit from the debt. To do that we have to compare the outcome
with the situation in the absence of lcans. This is done in Table
(B/B), which indicates that the immediate effect of debt would be

to increase income by increasing percentages up to year 18,in spite
of the fact that the rate of growth of income in the no-loan case v
would be increasing. From year 19 onwards this latter rate exceeds
5%, and goes on increasing to nearly double its initial level, and
the ratio of excess of income falls down until it vanishes in year
39. What would have been actually happening is some income redis-
tribution ovér time, with rather negligible impact on future incomes
Tf this is so, we would expect that the actual benefit which the
country can draw cut of loans is a quick rise in its final consump-
tion. This is in fact the case as shownly the percentages in the
last column but one of Table (B/3). Debt would be financing consumi-
ption, and for this purpose a blg capital exportation has to take
place.

Not only that. The last column of table (B/3) shows that up to
year 25, the absolute size of investment will be larger as a result
of debt. But from year 26 onwerds, the capacity of the economy to
finence investments will be greater in the absence of loans. In
spite of the fact that the absolute level of savings would be lower,
it is not forced to divert any part of it for redemption purposes.

The no-loan case has more desirable features in the longer-run.
The main question would bes whether it is possible (not to say
desirable) to let the economy be satisfied with the lower levels
of consumption in the earlier years. If this is not possible, the
acceptance of loans should be made on the understanding that they
are meant to finance immediate consumption rather than long run
capital formation. The pricse in terms of excessive capital exporta-
tion should be also appreciated. It should be noticed that if ex-
ports are to increase by Ii%, the average propensity to import would
£a1l from 10% in the base year to 7.2% in year 37, which is more
acceptable than in the case of a series of loans.
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Thus we can conclude that the model suggested by the I.B.R.D.
provides insufficient bases for decision on the advisability of
borrowing The transfer problem has to be considered seriously, and
an evaluation of the ultimate capital benefit from excessive borrowing
should be explicitly made.

TX = The Compound Interest Mechanisms

In spite of the fact that simple interest is assumed, the process
suggested by the I.B.R.D. has represented two interesting features:

(1) Interest has been actually working on a compound rather than simple
basis,

(2) No explicit sccount was made of the terms of the loans. Even though
it was assumed by Avramovic that the average maturity is 15 years,
this did not affect the calculations in any way. The parameter e
(maturity period) was not considered in the model itself.

The basic idea is that whatever repayments are made, there will be
need - during the first 15 years - for new loans to finance the required
investments. To this we should add provisions for interest charges. It
follows that the sum of D and r.Q_, would represent the net flow of new
loans. The gro3s flow would exceed ths net by any principal repayments
due, Thus if we assume e = 15, the amount of loans needed in year 15 would
be L, of a1l previous loans or (739.4/15) = L9.3, plus the net flow Ll.L —

15 3.9 = 10.5. Hence the gross flow will be 89.8. If e were equal %o
10, the flow will be 114.L; &nd so on. While the working of the model re-
quires knowledge of the net flow, the actual application of the loan pro-
cedure needs an evaluation of the gross flow, which is the one to be actually
contracted.

The implication of this apprcachn is that investmernt requirements re-
ceive the first claimon the country's resources. If these resources are
not sufficient, external finance is saught. After that allowance should be
made for servicing previous debt. This is how the problem of long-term
growth is enyisaged by the I.B.R.D. in relation to external debt.

It is clear that this approsch is differemt from our own approach,
where first claim was given to servicing a given debt and investment was
considered as a residual. To reconciiiate the two approaches, one should
reconsider this residual investment to see whether it will be sufficient
to maintain a given rate of growth. If not, & new loan has to be considersd
in the same manner.
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However, it follows from this order of priorities that whenever finan-
cigl resources are not sufficient to meet debt service, an equivalent amount
has to be borrowed. As & result, new interest claims will be charged, thus
leading to compound interest even though each loan is treated on & simple in-
terest basis. It might be argued, thereforeythat: a comparison of this approach
to ours cannot be made unless we reconcile the orders of priorities.

Such a reconciliation is not difficult to make. In fact, every thing
would depend on whether we consider a single loan or & series of loans. Let
us therefore determine the base year loan on the assumption that it will be
that required to let Y7 = (1 + g)Yo. Thus :

Io =Do = (rg - 8) Y,

During the following e years, there will be claims on the country's resource
equal to Lo/e plus interest on the remainder. Thus in year 1, provision has
to be ?&de for the annuity Aoy (of loan contracted in year o, to be paid in
year 1):

Aoy = rlo + Lo/e

To this we have to provide for investments sufficient to raise income by
gY1 = g(1+g)¥o. Leaving aside the annuity, there will be a deficit

Dy = B‘Y‘g - 8) - glo -’Y’g)‘] T,

To make sure thatthis amount will be forth-coming after allowing for the
annuity, a new loan has to be obtained, amounting tos

I] =4y +Dy =1l *‘E‘%*Dl
Hence total debt outstanding at the end of year 1 will bes

Q =T + L) - Iose = (1 + 1)l + Dy

This illustrates the source of the compound interest nature of the I.B.R.D.
process. On the other hand considering each loan separately, according to
our médel, we obtain the following results: Suppose that the rate of in-
terest is just equal to the critical rate cr/qP. If no other losn'is contrac-
ted up to year e, except Lo, income Yg4+] will be just equal to income
obtained with-out any loan. If the rate exceeds the critical value, income
will be smaller, and vice versa. Now, to judge the behaviour of income in
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any year n > e+l we can use the series with no loans. We begin by year 1
and judge L; determined as before. If r = r¥ y income in year e + 2 will

be again equal to income generated without loans. On the other hand if

r >r¥ , we have two reductions in Ye+2: The first is due to the fact that
Ye41 is less than Y'es] as a result of the effect of 1o, which means that in
the absence of any further loans, Ye+2 will also be less than Y'eso.  The
second, is due to the further loss caused by contracting Iy at the same
conditions. Similar results can be obtained, even when we allow for a vari-
able e,

Thus our critical rate will be still effective, and it implies the
working of the compound interest rule as in the I.B.R.D, case. However,
one might raise the question that the I.B.R.D. process abruptly ends the
process of repayment without giving attention to the maturity period.
Further it does not allow for using up all available resources, whenever
they exceed what is required to maintain the given rate g. Is it possible
that the capital generated after full repayment will be different from
what would be obtained if we strictly adopt our process?

Let us assume again that r = r¥, which meets the requirement of being
less than the I.B.R.D. critical rate. Since the model allows for net
flows, assuming that whatever extra resources are available can be lent
abroad &t the seme rate r, it follows that the country can lend any extra
capital for one year and get a return equal tc ' r = 0/5? on it. The
following year it will generate amother surplus which together with the
bPreceding one and the returnm on it can be lent and a similar return on it
obtained. Alternatively, the country could invest such surpluses, increas-
ing its income by 1/1” of their values; hence generating additional capital
(through extra savings) by an amount equal to 0/7; which is the same as the
returns obtained from investment abroad. Income in the former case will be
smaller, but national cepital will be the same.

However, if r & r*, income will be smaller in year n., But if instead
of investing the surpluses at home, the country decides to lend them abroad,
the cumulative returns will grow at the rate r which is smaller than o/

It would be more beneficial to adopt our process rather than the I,B.R.D.
process.

It follows that if »r 2> r¥ ; it will be to the benefit of the country
to invest abroad, thus making good some of the previous losses envolved.
However, if this is true, one could argue that whenever the rate of interest
exceeds our critical rate; it will be to the adventage of the country to act
as a lender rather than a borrowsr, whenever thisis possible.
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X Conclusions:

In the present part of this memo. we have discussed the model developed
by the I.B.R.D. experts. The first variant was originally formulated by
Alter; the second by Shahid Husain in collaboration with Avramovic and others.
The basic structure of the model, especially in the latter variant, is the
same used by Qayum and ourselves, in the first two parts. The main dif-
ference lies in the fact that here & series of loans is considered, and the
capacity to repay the debt is chosen a criterion. Some of .the main findings
are:

(1) While the idea of considering the process of indebtedness as acceptable

if it is possible to repay the debt without hampering a predetermined
growth rate, seems reasonable, it is not clear how it is possible to determine
the growth rate itself taking indebtedness into consideration.

(2) There had been suggested 3 degrees of independénce from foreign debts
to be considered as objectives. The final choice is left in the hands
of the planner, without amy qualification except that the m.p.s. is
to exceed a certain limit. This gives more room for flexibility,but
it leaves the final decision rather arlitrary.

(3) The conditions given by the I.B.R.D. group for the realization of the
~ given degrees of independence are the necessary conditions. When we
investigated the sufficient conditions for ensuring that debt will be
eventually repaid we found that they necessarily hold for the condi-~
tion of debt attaining a meximum. But this was not true for the mild
condition that the ratio of debt to income will be a maximum, if the
growth rate was higher than the rate of interest.

(4) The I.B.R.D. critical rate of interest was derived on the basis of
an approximate relationship ensuring that debt will asymptotically
grow at a rate equal to the rate of growth of income. We have shown
that such a rate would in fact ensure that debt will be fully re-
paid at an infinitely large period. This gives more power to that
rate.

(5) On the other hand, that critical rate is much higher than the critical
rate which we have shown to define an upper bound beyond which income
and capital will fall below the level attainable without loans. Tt
follows that a country might accept loans according to the I.B.R.D.
principle which would eventually empoverich it.
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(8)

(9)

(10)
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In that sense it seems that the main contribution of such loans
would be the immediate rise in income and consumption, rather than

strengthening long-term development. Unless this is made clear,
 wrong decisions might be recommended.

In spite of the fact that the numerical example discussed by
Avramovic is based on acceptable values of the parameters, the

~computations have displayed certain undesirable features. 1In par-

ticular, the pattern of foreign trade was found to be difficult to
realize. There is need for an explicit treatment of the foreign
trade gap besides the savings investment gap.

The same numerical example has shown that a large flow of capital
exportation (amounting to more than four times the original needs)
has to tske place, with a final meager benefit of 2.3% increase in
income over what could have been obtained without Jloans. The com-
putations show thet a country getting herself envolved in foreign
debts, as a result of shortage of domestic capital, should be ready

to become a big exporter of capital. In spite of certain rigidities

of the model, such results are not far from the hard facts faced by
many developing countries.

The process generated by the I.B.R.D. is essentially a compound-
interest process. It was shown hhat this would in fact be the case
whenever a persistent attempt is made to maintain a given rate of
growth from the outset. On the other hand & no-loan process could-
at least in principle - lead to accelerated growth, with a rate even-
tually higher than any rate consistent with safe-borrowing.

We had tried to reconcile this compound interest process arising
from a series of loans with our single-loan approach. However, there
1s more to be said about the role of the m.p.s. W= shall deal with
this problem in part IV of this memo.
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APPENDIX (A)

SOLUTIONS OF FIRST ORDER
DIFFERENCE EQUATIONS

The general form of the first-order difference equation which is linear
(i.e., of the first degree) with constant coefficients, takes the form

T, -a¥pq = F(B) . (/1)
where F(t) is some function of t. The first step to ‘solve this equation is

to find some particular solution: Y, = ¥(t), which satisfies (A/1), in the
sense that

_f_{(t) _ a¥{t-1) = F(t) (A/2)
If we subtract this equation from the former, and define

vy = Ty - I(6) (1/3)
we obtain the corresponding homogeneous i‘o:r;rn:

Vi 58 Vg (a/h)
The solution of this latter equation iss

yt B yo a.t (A/5)
Then the general discrete solution of (A/1) is:

v, = ¥(t) + 3, & (a/6)

To obtain these solutionswe introduce the lag operator L, and the
difference operator A

L=1l-~-58 LYy = Yg1 (A/7)
Suppose that we possess a function in Ls

H(L) = By (L)/H,(L) . (a/8)
where,

.

M@ = 2 oy 0 (1=1,2) (a/9)
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We transform these functions into functions of A

my : g 4 ;
HAT) s Sl ai Al e o (A) (i=1,2)  (A/10)
d=0
Further, using a process of division we can write:
1 < k '
= d (RS
h, CA) %0 2k (A/31)
Hence, we can rewrite (A/8) as:
: my . ST
h(B) =hy (B8)/h,(A) = (:J:o c1j AJ)(éodzk Af)
i T I
= e, (A/12)
=0 1 4
To apply . these rules to difference equations we express tha 1al%-
hand side as a function in the lag operator :
D(L) ¥4 = F(t) (A/13)
The particular solution will be
A 1 .
i i \ A/
Y(t) D) F(t) ‘ (A/1k]
org i A
Y(t) = ntA). E(t) (A/15)

Then folldws the general solution.

Returning back to the first-order linear equation (A/1), we can write:

B(D) B wiaTieid o ety (A A (A/28;
The reciprocal of this function can be evaluated by direct division to givss
s 1 LU A a 2 2 J
h T = = Ry afre i b
(A)= sw= L 11-(2As (2-) A )
Hence, the particular solution of (A/1) is
o0
Qe i S oyt a_ i i] 07)
Y(t) = —= 2 (1) (- ) A Bh)Es (A/27]

Its final shape will depend on the exact form of F(t). ILet us consider scms
special cases:
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(1) A quadratics

Suppose that,

. 2
F(t) = by *+ byt + byt (r/18)
We know that
At = 1, alt =0 (1> 2)
2 2l Fia i b
A" 5ot IAGEL I A rt=0 (> 3)

Substituting in (A/17) we obtain:

e A 2 a a 42
T(t) = = [:(bo+blt+b2t )&(ITE'J {bl+b2(2t-1)}'+ (1na ) 2b;]
This can be rewritten ass

E'(t) = o +opb+ 02t2 (A/19)
where,
0, = (g=) b - ()7 a by + ()’ e (@) b, 1
oy = () by - (L) 2a, _ (/20)
e = (1) b | J
(2) A Linear Functions ,
F(t) = by + byt (r/21)

This is a special case of the previous one, in which by = 0.
Hence we write: '

%(t) = ¢ + ot (A/22)
"~ ~where,
i (-3%&;) b (-i_La-)z a b3 cq = (:-L%a-) b, (4/23)
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(3) A Constant:

F(t) = b, (a/2l)
This is still & more special case, whose solution is:

~ b

Y() = ¢ =00 (a/25),

2 l-a

In all the above cases, we use (A/6) as a general solution,
where

y, =Y -1, p Al . (a/26)

The value of c, is calculated according to the given formulae.

(L4) A Constant, with a = 1:

In this case it is AY rather than Y which is considered as a
constant. The difference equation is:

=i D (8/27)
This indicates that the particular solution is linear in time. We
assume that:

T(t) = Bt
Substituting we get

Bt = B(t-1) + be,
Org i
Y(t) = byt (A/28)
This means that, §o = 0, and (A/6) gives:

T, =T+ byt (A/29)

as the general solution.

(5) An Exponential:

Let

F(t) = m b° (A/30)
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Using (A/1lL),-and evaluating the reciprocal of D(L) as:
: s
H(L) = C'.O + Cl]:l + ch + o000 @

we can obtain the particular solution as follows:
t t

2]

H(L) m.b m (e, + clL + <32L2 R

m (CO bt + 01 bt—l + C2 bt—2+ .-e.)

mbt (GO + Cl bUl + 02 b—2 + ---o--o)

This gives a new polynomical in %‘in place of L Hence,

¥(t) = m 6% B( <= ) (a/31)
In the special case, DtL) = 1 - al, we have,

) =m b F (L)t

L=90
or, : ;
m t+1
- b (A/32)

This means that
= .Mmb (8/33)

o b-a

The general solution will be,

Ty o= B bt (- R P (8/34)

Example (1)
Suppose that Y =m

T(t)

i) Y = —P-;@-— bt+l + 1 - ——b—u t
t boa m ( e

. (prilic g% b0y (A/35)

(6) A Special Case:

Suppose thats

t

Y‘l‘. = a Yt—l +m a ‘(A/36)
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The solutions given above will be meaningless, and we have to Jook

for an alternative. Given Y, we can easily find that

Yl = YO a + ma
I, =Y, a2 + 2m a2
and so;oh. Hence the general solution will be:

% + t
Yt = Yo a +mta

Exampte (2):

Suppose again, Yo =m
oS Yos i (541)a"

Example (3):

To solve:

i t t
i =8 Yt—l +mb -nc

given Y = m, we apply (A/35):

Y

= e 441 t+1 n t+l b+l
Y'b - Ea—— ( b - a ) - '&_‘a—"" (C - a )
If b = a, we have to use (A/38) as wells
t t+l t+1
Yt = m ('tv"‘l) a8 - —-Iél-:*r (C - a )

(A/37)

(A/38)

(4/39)

(A/LO)

(A/L1)

Similarly for the case c=a. If both b = ¢ = a then we are back to

example (2).
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APPENDIX B.

THE I.B.R.D. NUMERICAL EXAMPIE

The following set of tables gives the main aggregates assuming the
following values of the parameters (as indicated in section VII):

20 A
06 Y = 1000
(o]

S
g

i n

0.10 o =0,
0.05, e O
Given the rate g, the evolution of income Y can be estimated, as in the
first column in table (B/1). Using the annual change in income, we
calculate both savings and investment:

]

)

p =84+ T (T - Ty )

Iy = (g - L)

These are given in Table (B/2). The second column of (B/1) gives consum-
ption: C = Y - S; while the third gives the deficit D = I - S, which is
negative whenever there is a surplus. Adding the consecutive values of
D, we obtain the cumulative deficit, given in the last column: of Table
(B/1). On the other hand, the debt outstanding at the end of each year:

Q-b = (l + l") Qt-l +D.t

For this purpose we calculate rQi_7 to show the indebtedness incurred as
& result of interest charges.

In Table (B/2) we indicate two alternatives of the components of
the foreign trade gap, which is equal to D also. In the first variant,
exports are assumed to increase annually by L% as suggested by Avramovic
It follows that imports should be:

Mi - Xl +D
In the second variant we begin by calculating imports on the assumption

the direct and indirect import components are 0.10 for consumption and
0.L40 for investment. Tt follows thats

MZ:O.lOCt'*'O.hOI.t, X2:M2-D

we then compute the rate of growth of X,, as indicated in the last column
of Table (B/2).
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To estimate the impact of foreing loans, we calculate income Y'
assuming that D = O always. Savings are calculated as before; and in-
vestment is put equal to saving:

Tl sl m g (T T )

t-1

This can be used to calculate income:

1 - ! 1
TR Ty
and consumption:

t =y el oty
C t Y % S :
The comparison with the previous estimates is based on relating the
excess of these latter to the present estimates as shown in the last
3 columns of Table (B/3).
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Table (B/1) - Evolution of Income, Consumption,
Deficit and Debt

% Y C D Q1 Q Cum. D.
0 1000.0 900.0 50,0 = 50.0 50.0
1 1050.0 91,0.0 h7.5 3.0 100.5 97.5
P 1102.5 982.,0 Ll.9 6.0 151.1h 142,
3 1157.6 1026.1 Lh2.1 9.1 202.6 1B8l.5
L 1215.5 1072.4 39.2 12:2 25);.0 2981
5 1276.3 1121.0 36,2 15.2 305.) 259.9
6 1340.1 117251 33.0 18.3 356.7 292,9
7 1407.1 1225.7 29.6 21ah l07.8 322.5
8 1477.5 1282.0 26.1 2L.5 158.14 348.7
9 1551.3 1341.0 kil 27.5 508.3 371.1
1628.9 | 1Lk03.1 18.6 30.5 557.4h 389.7
1:71.0.3 1468.2 14.5 33.4 605.3 Loh.1
1795.9 1536.7 10.2 36.3 651.8 k.l
1885.6 1608.5 BT 39.1 696.6 ,20.1
1979.9 1683.9 50 1.8 739.4 i21.1
2078.9 1763.1 Lis0 Ll by 779.9 b7
2182.9 1846.3 BOn] 6.8 817.5 408.0
2292.0 1933.6 = S1HL6 Lh9.1 852.,0 393.4
21,06.6 2025.3 Sl 51.1 882.7 373.0
2527.0 2121.6 w263 53.0 909. 1 346.7
2653.3 289004 o 390 5.6 931.3 314,0
2786.0 2328.8 -.39.3 56.9 9L47.8 atel)
2925.3 2hho.2 - 146.3 56,9 958.1 228.5
3071.5 2657.2 - 53.6 57.5 962.1 17h4.9
3225.1 2680.1 2613 57.7 958.9 113.6
3386.1 2809.1 - 69.3 5745 oh7.1 Lik.3
3555, 7 29l .6 - 77.8 56.8 926.1 =133:8
3733.5 3086.8 = 86,7 55.6 895.0 ~120.1
3920.1 3236.1 - 96.0 53.7 852.7 ~21601
1116.1 3392.9 -105.8 51.2 798.1 239759
h321.9 3557.5 1601 h7.9 729.9 -1438.0
4538.0 3730.14 -126.9 3.8 646.7 -56);.9
L76).9 3911.9 -138.2 38.8 547.3 -703.2
5003.2 1102.6 -150.2 32.8 1130.0 -853.L
5253.3 L302.6 -162.7 25.8 293.1 -1016.0
5516.0 L512.8 -175.8 1746 134.9 -1191.8
5791.8 L733.L4 -189.6 8.1 - 16.6 -1381.1
6081.) 41965 .1. =20} 1 vy Ve 3
6385.5 -~ -
670L.7
7040.0




Table (B/2) -

Ll

Components of The

Two Gaps
Growth
- 9 2l My Xo M | rate, X,
0 150.0 100.0 100.0 150.0 100.0 150.0 %
ik 157.5 110.0 104.0 151.5 109.5 157.0 9.5
2 165,14 120.5 108.2 153.1 119.5 164.1 Q!
3 173.6 1315 112.5 157.6 129.9 1720 8.7
i 182.3 143.1 11.7.0 156,2 141.0 180.2 8.5
5 191.) 155.3 12157, 157.9 152.5 188.7 8.1
6 201.0 168.0 126.5 159.5 16);.6 197.6 7.9
7 e11el 181.4 1416 161.2 1774k 207.0 70
8 221.6 195.5 136.9 163.0 190.7 2156.8 7.5
9 23257 21013 142.3 16h.7 20L.8 297.2 7.4
10 2hh. 3 225.8 148.0 166.6 219.1 238.0 7.3
11 266,602l i) 15359 ¢ 11681 ) 235.0 219.5 7ol
1he 269.1 259.2 160.1 170.3 251.2 261.) 6.9
13 282.,8 T 166.5 172.2 268.3 274.0 6.8
1k 297.0 296.0 173.2 1702 286.2 2E70R e S 6
15 311.8 315.8 180.1 176.2 304.9 301.0 6.5
16 327.L 336.6 187.3 178.2 32).7 315.6 6.1
1 343.8 358.1L 194.8 | 180.2 345.5 330.9 6.4
18 361.0 381.3 202.6 182.3 6713 346.9 6.3
19 379.0 hos. L 210.7 18L.1 390.1 363.8 6.2
20 398.0 430.7 219541 186.1 Iiah.2 381.5 6.2
21 111.7.9 L57.2 227.9 188.6 1139.3 1,00.0 6.0
22 438.8 485.1 237.0 190.7 165 .8 1i19.5 6.0
23 160.7 514.3 21i6.5 192.9 493.6 140.0 5.9
2l 183.8 | 5L5.0 | 256.3 | 195.0 522.8 161.5 5.9
25 S0B.0 |« BT7s31.:266,6 5] 49743 BGaYY h8l.1 5.8
26 533.3 611.1 277.2 199.4 585.6 507.8 5.8
27 560.0 6L6.7 288,851 201.6 619.1 B39 5.8
28 588.0 68L.0 | 299.9 203.9 65);.8 558.8 5.7
29 617.4 723.2 311.9 206.1 692.0 586.2 57
30 648.3 7641 3203 208,2 73142 615.1 5.6
31 680. 7 807.6 337.3 210.4 7722 6L5.3 5.6
32 ralivig 853.0 350.8 212.6 815.3 677.1 5.6
33 750.5 900.6 36).8 21h.6 860.7 710.5 5.6
3L 788.0 950.7 379.4 216.7 908.2 745.5 5.5
35 827.1 | 1003.2 39).6 218.8 958.1 782.3 5.0
36 868.8 | 1058.4 | lL10. 220.8 . | 1010, 820.9 5.4
37 91 2 1163 1,26.8 292.7 1065.5 861.1 AN
38
39
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Table (B/3)- Comparison With the
No-loan Case

" Growth s T ) Toeo )
b 1 rate,¥!| C' 81 = 1! T ol T
BT 0 7 7 %
0 1000.0 - 900.0 100.0 - - 50.0
1 1033.3 3.3 926.6 | 106.7 1.6 1.4 47.6
2 1068.9 3.4 955.1 113.8 3.1 2.8 L5,
3 1106.8 3.5 985. 1 121.L h.6 L.1 L3.0
L 1147.3 3,6 1017.8 | "129.5 6.0 5.0 0.8
5 1190.4 3.8 1052.3 138.1 Tig 6.5 38.6
6 1236.1 3.9 1089.1 147.3 8.1 7.6 36.5
T 1285.5 L.o 1128.L 1571 9.4 8.6 3h. L
8 133749 Ll 1170.3 167.5 10. 4 9.5 ' 32.3
9 1393.8 L2 1215.0 178.8 11.3 10.1 30.1
10 1453.4 e 1262.7 | 2190.7 1241 A EE 28.1
11 1516.9 L.l 1313.5 203.1 12.8 11.8 26.2
12 158L.7 Ii.5 1367.8 216.9 1343 12:3 2L.2
13 16587:00 L6 1425.6 231.) 13.8 12.8 2.2
1l 1734.2 h.7 1487.4 21,6.8 152 13.2 20.3
15 1816.) gt Al 263.3 14.5 13.5 18.L
16 190L4.2 1.8 1623.1 280.8 14.6 13l 16.6
{157 1997.8 5.0 1698.2 299.6 15T 1350 1.7
18 2097.7 5.0 1778.2 319.5 il 13.9 1350
19 220).2 5.1 1863.1 340.8 14.6 13.9 11:2
20 2317.8 5.2 1954.2 | " 363.6 14.5 13.7 9.5
21 24439.0 5.2 2051.2 387.8 14.2 13.5 7.7
22 2568,2 5.3 2154.6 | 113.6 13.9 13:3 6.1
23 2706.1 54l 2264.9 | Wa.2 | 13.5 12.9 L.L
2l 2853.2 5.0 2382.,6 470.6 13.0 1245 2.8
25 3010.1 5.5 2508.1 '502.0 Ly 12.0 152
26 3177.4 5.5 261149515 535801 119 1155 0.k
27 33559 5.6 2783.7 | 5712 | 11,2 10.9 -2.0
28 3546.3 | 5.7 2937.0 | 609.3 | 10.5 10.2 =35
29 37h9.h | 5.7 3099.5 649.9 9.8 9.5 -5.0
30 3966.0 5.8 3272.8 693,2 9.0 8L7 ~6.5
31 1197.1 5.8 3L57.7 739.4 Bl 7.9 -7.9
32 hhih3.6 59041 365h,9 788.7 e 7.0 -9.Lh
A3 Li706. 5.9 3865.2 8l1.3 6.3 6.1 =108
3L 1,986.9 6.0 4089.5 897.14 5.3 5.2 2109
35 5286.0 6.0 11328.8 857.2 k.3 ii3 -13.6
36 5605.1 6.0 Ls8h.1 | 1021.0 3.3 3.3 -14.9
37 5945.1 6.0 11856.3 | 1089.1 2.3 ) W63
38 6308.1 6.0 1.2
39 6695.6 6.1 0.1
L0 7108.6 6.2 -1.0
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