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I. Introductlons

Tn Part I of this memoakl)'we deslt with the problem of assesgsing
the advantages of foreign loans, using a model suggested by Qayum. 2
Thres main problems have been considereds

1. Discussion of the agvantage criteria, with special emphasis on
long-term development. :

2. Correction of Qayum’s formula.

3. Tntroduction of the replacemsnt period as & parameter in evalua-

3ng foreign loans.

The main OuULCOME of that analiysis wWas that the decisive factor in
determining whether a ican has a negative or & positive effect on the
debtor country's capltal, and hence incomes at the end of the repayment
period, is the difference between the ratioc of the marginal savings
rate to the capital coefficient, and the rate of interest on the loan.
Whenever that ratio exceeds the interest rate, a positive effect can be
realized, and vice versa. On the other hand, the elongation of the re-
payment period was noth always & blessing. Its role is 1o magiify the
effect of the loan, whether positive or pegative. Grace periods of an
equal length were found to be more peneficial in sputroducing extra gains
which might, in some CAas&S, outweigh ary. initial losses.

Taking account of the orders of mogiitede of the parameters(3} a
and Y 5 noraal 1Ly prevailing in developing countries, one should expect
relatively low rates of inserest 1if rasort tO foreign loans would con-
tribute at all tothe process of long-term development. Moreover if
the interest rate 1s very close %o the ratio a/ Y , the repayment
period ahould be extended congiderably OVer time in order 1o recover the
whole benefit of the loan ab some given date. Tn some CASSS, the repayment
period has to be several btimes a3 iong as the period required for replac-
ing the a=zaets financed through the loan.

We have concluded our previous paper by asserting the need for:

1. Reconsidering the pehaviour of the parameters, and
2. Studying the posgibility of adopting the fixed instalmént prin-
ciple.

(1) HMemo. 779 part T, L.N.P., June 1967
{2) Nvemo" 5?03 IGIQaPoB my’ 1965
(3} Tor the system of notation, see€ Memo. 779, Part I, PP b5
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We ghall start by congidering this latieér problem in order to see
how far our previous comclusions would be affected by a changs of the
repayment conditions. Tater on we shall conzider the policy implicaticuns
of alternative advantsge criteris, and thelr effects on the values of the
parameter

IZ. Ths Fixed.ﬁ&mﬁity Formmlas

In Fart I, we have given the formula for a fixed anmuity hased om

compound inberest. Thus, if the Anmidty is A, ites ratic to the loan is
bs
b = A/L, ors =bL {1}
s oz . 31
The value of b under the compound inbterest rule, b, is \LJ
e
by = b, = 2. (1 + 1)
€ LG {r
vk + T)e Al 1 (t = 10&0.:0@-) \a_>

where r 1gs the intsrest rate and e is the repayment pariod. A more plisu-
sible agsumpticn ls Lo assume that repayment follows the simple interest
rises

Suppose that a losn L received in yesr 0 is to be repaid over e
vears at a simple rate of imbersst r. Repaymﬂnt is made by means of a
. fixed annpity A, peld at the end of each yearu To determine L, we ghbor:t
by considering sll Flows envolved at a given point of time, eogog at the
end of the repayment pericd. Thus the infiow will be:

L {1+ er)
The repayment wade ir the t-th year will reach the vaiue

A [_l.-&- r{ e~ ‘i;)]

at the same point of %ime. Hence the total outlflow evaluated at the end
of year € will be

(i) There is a p_¢nﬁing arror in this formula az given in memo. 779
Part I, p. 7 The factor r is missing from the mamerator.
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Equating the two flows, and substitubing (1), wo can easily find thab:
. o {1+ er) . ,
0 8[24’?(9-1)3 . (3)

1t has been shoun that if the principal is to be repaid at equal
instalments while inkerest is charged on the remainder, the ananity will
be decreasing. Tts value was found to best !

btz'At/L:%EJ,Jb (o -%+1)r) g | 7))

1, this valuve is greater than b sinces

Tor year t

by /b 1@ +er) 2 [2+r(e—1ﬂ:1+r(§i—1~)>1

e 2 (1 + er)

The equality sign holds only when € = 1, while the inequality holds for
Jarger values of e, so long as T is positive. On the other hand, the
anmaity by will be decreasing at & rate equal %o r/e. This means that
its ratio to a growing income will be falling more rapidly. In other
words, the fixed anﬁuityprinciple is less unfavourable than the decreas-
ing aﬁndity'approach, %o the debtor country.

Besides, the total repayments made on the basis of the fixed anmuity
principle is amaller than that following the decreasing annuity rules
e - - e . "

&
§_|bt=§s%[1+(e+l)r-tﬂ:1+"r"_('g'i_ll-'
s pze . 2fLrer) 1+ r(e+1)
- el}’fr(e—l}] 5 Fr(e- 1)
Thus: : \
© Z by yebs  for any e > 1

which means that the outflow of capital will be larger for the variable
ammuity approach, : :

Tt would bs also expected that the capitelized value of the variable

annuities is larger than that of the fixed annuity, which was found to be
(1 + er). Nows ' ' :

i)

{;} Eguations quoted from 779, Part I, will be given thelr numbers
precededuwith I. ‘ ' '
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e-| |
th [l+(e-t) ]-—Z(1+r+jr)(1+jr)

e J"O
z(L+r )+ £ (2 + g)(e'*'¢) 72 (e *'1 )(Ze - I)
S = 1+ er+ (e =1)}(e +1) g2 > (1 + er)
' 3

Thus the fixed anmuily approach seems to be more favourable to
the debtor country, on either of the three aspects considered:
1. The value of the anmuity is smaller at the beginning, hence its
' burden on initial lower incomes is smaller.
2. It leads to a smaller capital outflow.
3. . The capitalized value of the outflow is alsc smaller.

- It might be argued, therefore, that the stringent conditions _
- obtaiped before could be somewhat relaxed if we accept the fixed annmuity
approach. To the answer of this guestion, we shall address our-selves
in the following sections. ’ '

III. The Impact of a Single Loans

Let us start by assuming the set of assumptions (1) - (5), section
V, memo 779, Part I {pp. 14-15). Assumption (6) is to be replaced by
the fixed annuity assumption. The base year values are given:

Yo, S0 = 8Yg - Ig= (s+ A) Y,
For year 1, the values of income and savings are the same as before:
Y1=(1+-é‘~j;/7\ )Ty (1/10)
s, = (d +‘}\$)YO =c¥, ' (1/12) |
whers o
d=s(1+%) | (x/32)

| But instead of (T/13), we have:
;1=s--A_(1+ YJS +(%-b)___L
or, I, [a +')\(7—-b,:|x" ) | (L)

For the following years, + = 2, ....;e, we have the following éystem
o?"equations:

1]

Te =Yg *.%, T (5)
=5, -4=0(f -§)+ 0 A (7)
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Equations (5} and (6) are the same as (1/15) and (I/16), while (7
giffers from (I/17) in so far as the value of annuity is concermed.
Substituting (7) in (5) we obtain:

Ty = (3+5) Ty * _,},. (1; -oy) (8)

where I and ¥ are given vy (L) and (I/10). The solution of this first-
order difference eguation is:

-1 .
. = (1+5) Lol ) s (Y, -11)
b 7 (& L F
Or,

t-1 o : : '
v e 2 F-wln L @50

If no loan was taken, the GDP. can be calculated from this last formula
by pubtting A = O '

Qi

£

Thug for any year t & 2;...0.58,6 + 1, We have:

yw~(1+_?',;7)’°§ 7, -1-2) 1 (10)

1= o -1 o . D
Yt—Yt-(ILﬁ;)/) ??;\*(? -0, +&# b Y (11)

In particular, V=7, . - Y'e .1 defined by (1/29)i5 equal -to:
- o _p)+b | D
v=lE( -0 b |2 1, a2
where E is defined according to (I/32)
g
B =l 4+ =z €
-+ )

The eriteria B and & defined by {1/28) are:

A Ty el 2
g_?‘ 3 —EE{V b)-b]cr
Hences .
gz Z(e-1) (& -b) +1 o (3)

end, §=€ -1=Z (®-2) (5 - (1)
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For given values of £ and r, these express‘.i’ons are increasing
funetions of e. As e increases the value of b dimlnlshes. It might
be possible that for small valués of e the factor (‘Y - b) is negative.
As e increases it would change signs, and its value %Will be increasing.
At the same time the valus of the positive factor multiplying it, (E - 1)
will be 1ncreas:|.ng. This result: is different from our earlier flnding,
for the case of a decreasing annu.t.g,f, but it is in line with the findings
of Qayum ard of I.B.R.D. exper’cs

Again, since b is an increasing function of r, both € and & will be
decreaging as r increases. On the other hand, we can write:
arl '

Tw-1)- Za- gy

which is an increas:.ng function of % . The same is also true for the
factor (%' - b), which means that Both criteria are increasing functions
of T, and decreasing functionfof 7. Let us now turn téithe other i
parameters ehvolved,” before d._scussing ‘the' implications of the alternative

criteria.
IV. The Formulae with Lags and Replacements

Suppese that projects financed by the loan have a gestation lag of
f years, which means that they start productlon in year f + 1. Further,
a grace period of a length h is accorded.” As had been suggested in Part
I, we consider that the life time of the projécts finamced by the loan
is k, which might be equal to or different from e. To calculate the values
of the alternative criteria, we subdivide investment in any year t into two
parts, one due to incomes derived from the loans, j", and the remeinder J':

i‘h = Jv + J"'b (15)

The part J' changes its composition starting year h + 1. For the first
'h years we have: -

Jo=s(1+ % »* 1, (4 = 1y.0..,h) (16)
In year h # 1 it becomes equal to:
J'h:l = [S (1 +——)h-=v1 b] T, = (_c'lH - Ab) Y,

For the repayment period we have:

(6} SBee, e.g., G.M. Alter:"™ The Servicing of Foreign Capital Inflow
by under developed countries®. in, H.S. Ellis & H.C. Wallich {(ed):
BEconomic Development for Latin Amercia; Micmillan, N. Y., 1961




- + Tyt-h-1 - <
g, = I (1% 5) b=l = (@l - AB)(Q + 7p o

. which is true for t = h + 1,...., © Sé h + e. The cumulative invest-
ments of type J' can be found by summatlon-

n
=D 1 Z 1
:? e =g e T & T

=¥[d (H- 1)+ (@ - A - 1] 1,

where H is defined by (I/32), and T is defined in a similar manner:

(4

T=(1+ %) | | S Qan
In other words: . '
z o+ Y T
s =Fla-n-anE-n]y (18)

The 1nvestments financed by savings generated from loan :incomes start
in year £ '+ 1,

roo= AS T
f+1 : Y o
For the following years, '
a, = = AZ @+ )’G -1y (£ £+1)
0

Hence, | , -

$,,-2 r |

1t = i o - l

2, It = 2 I A(I-1)7, _ {19)

Tt follows that the sum-total ef'lnvestmeﬂus durlng the T years is:

z ]
EItzl[d(T—l)’f ?\-5,-(--—1).-7\b(-*-1ﬂ'% (203
Starting year h + @ + 1, repayments disappear which means that:
t~h-e~-1

Ty = Tpvest @+ )
Tt can be seen thats

- T Z
Thierl = Inve @+ F)+Ap T,

To ealculate Ih+e’ we caleulate its two components:

It = (aE - b)Y {1+ %}e"i T
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N v o yht+e-f-1
IPyve =AS L+ F ) Y,

h+e

Substituting in the above expressions we obtain:

Thiesy = (W +AG E -Ab) (1 f%)e_ T +Ab lYO
Hence for + 2 h+e +1 .
and,
4
- T
e%:h.t"o‘[d(T'HE)"'A Et)+)\b(m-ﬁ+E-1]Y

where, as before, Et - HE/F. In-order to obtain the cumulation of invesgt.-
ment starting year l, we have to add to this last sum the cumulatmn (20)
up to T = h+e., Hence

%eltz G.I:d(HE:-l)-If (E*-l)- ?\b(E-l)] T,
It follows that, for 7 > h + e

Z'Itsg.f[d(f-l)+ (..-1)-}\1:. (E—ZL)JY(EZ)

- =
Finally, inthe case of no loans we have for any t:.
: ) | R S
I,=d@1+ %) | o (@)
Hence, for any 7 s . ‘
T ? . ) :
DI ATCIED - | BRON
It follows that- . :
Ei (I, - 1')) | | - (28)

has the following values for the different values of ’C
(1) T= £+k £ h+e: Using (20) and (2h), T
ALz ; | | |
aﬁk = >‘a" [’Y(K -_”.1) - b (K* -1 )-_\ YO_ | - (26)
where, as in (I/61), ¥* = FK/H, )




